Volvo Maintenance FAQ for 7xx/9xx/90 Cars
Editor: S. Ringlee

This list was developed for the owners of Volvo 7xx/9xx series cars who are interested in maintenance tips
that are not generally available in commercial manuals. It was compiled from Brickboard and specific
websites with useful information. Items which appeared to be of lasting value to 7xx/9xx/90 series owners
were excerpted and copied to this file. Sincere thanks to all those who took the time to answer others'
guestions and contribute to this public discussion. Because these remarks represent contributors' personal
opinions, users need to exercise caution about any advice given; indeed, some of the comments are
contradictory. This list is current as of the revision date below and was compiled by Steve Ringlee, who is
NOT a consulting mechanic but only recording secretary. While this public domain list may be shared either
whole or in part without attribution, it may not be sold or rented. This site is not affiliated with nor sponsored
by AB Volvo, Volvo Car Corporation, Volvo Cars of North America, Inc. or Ford Motor Company."Volvo" is a
registered trademark of AB Volvo and Volvo Cars of North America, with worldwide rights, and is used by
way of reference to products of AB Volvo only.

Buying a Used Volvo 700/900? See Buying Used and Vehicle Preventive Maintenance for tips, trouble
spots, and items to look for.

Note: If you are having specific driveability problems (no start, poor idle, etc.) with your Volvo, start your
search with the Engine Tune and Performance; Symptoms section where many common symptoms are
described and diagnosed. Other driveability problems are described in Electrical: Ignition System,
Electrical: Engine Sensors, Etc, Engine: Fuel Injection and other areas.

If you need help or consulting advice, several Internet sources exist. Visit the Brickboard Rear-Wheel Drive
Forum and post a message. You can reach this at http://www.brickboard.com/RWD/. If you are in the UK,

the UK Volvo Owners Club at http://www.volvoclub.org.uk/ has a high quality series of forums arranged by

Volvo model. A US distributor of Volvo parts, RPR in Berkeley, maintains a technical advice forum at their
website: http://www.rprusa.com. Another good source of basic help is the Swedishbricks mailing list, found

at http://www.swedishbricks.net/contents.html . This is a closed list and requires that you join in order to

participate. You will receive good, unbiased advice very quickly at any of these forums. If you have a 200-
series car, there is an excellent FAQ by Bob Scheer, now maintained at http://www.swedishbricks.net/

contents.html

Here is a short testimony from someone who benefited from Brickboard: "I would just like to thank the
wonderful people on the Brickboard who helped me fix my car. | was about to sell the car because | couldn't
fix it and couldn't afford to take it in to a shop. But the wonderful people who helped saved me by finding the
problem and helping me fix it for $5. Thanks again! Charles." This is typical.

Your contributions, along with corrections and suggestions, are always welcome. Please send a message
to stephenringlee @hotmail.com (the subject line MUST contain the word "Volvo") and attach a word
processing file if you are submitting a written contribution. Scanned pictures or illustrations are also
welcome in any format. To print out an individual file, do it directly from your browser or download the file,
save it, then open it in a word processer that can read and print html files.

240 Owners. Many of the engine and transmission systems on your cars are identical to those on 740/940
cars of the same vintages. These notes selectively apply to you as well.

European/Canadian/International Users: The US uses the old English (not Imperial!) system of
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measurements. One inch= 2.54 centimeters; one foot= 12 inches; one pound= 0.455 kilograms; one
quart=.946 liters; one US gallon=3.784 liters; one foot-pound=1.356 Newton-meters; 1 psi (pound per
square inch)=0.069 Bar=6.89kPa=0.068 Atm. For more conversion tables see Online Conversion or

Google's Calculator.
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See the section entitled High-Mileage Vehicle Preventive Maintenance for detailed info.
See the notes entitled Purchasing Used Diesel for detailed info on diesels.

General Tips on Buying a Used Car:

Maintenance History. [Inquiry] If you know the VIN for a car is there anyway to get a history of
the service and mileage of last service? [Response: Beau Springer] Yes, but the "work" has to
have been done [recorded] at a Volvo Dealership/Service Center since the system used to
record and track the service is on a "closed" Volvo network. In addition to this, the person doing
the work history research must be willing to "de-code" the service codes for you. | tried utilizing
this service last Friday at my local Volvo Dealership, so your mileage may vary depending on
the level of cooperation that you receive.



Body Damage. [Inquiry] How do | tell if a car has had an accident? [Response: Rob Bareiss]
Look at the paint. The factory paint is usually very smooth. The car is uniform in color. The gloss
of the paint is the same from panel to panel. The fit of doors and hoods is correct, straight, and
evenly spaced side-to-side. When a car gets hit, usually the affected panel is replaced, not
repaired. The area around it gets primed and repainted at the same time. Sometimes there are
non-accident related reasons to repaint a car- parking lot scratches, scrapes, key scratches,
"garbage can" scrapes down the side, paint chips in nose and wheelwells. Generally you can tell
if the panels have been replaced. Are all the factory decals and insulation on the inside? under
the hood? in the doorjambs? When a quarter panel is replaced, there WILL be obvious welds at
the rear door opening and in the hatch or trunk frame. Look at the seams on both sides of the
hatch. Look at the inside of both rear doors up the back edge. Both should look the same. It all
should be smooth and should match the outside paint. There is NEVER overspray on
ANYTHING from the factory. You should not see any paint spray on the door hardware, or on
the rubber window seals, or the chrome, or in the corner of the headlights. IF YOU FIND such
items, ask for an explanation. Ask about the car's history, if known. Ask your mechanic if he
agrees with whatever you find. If it's untouched and original, great. If it's repainted original
bodywork, fine. If it's had a full nose and 2 doors, red flags should go up. Have it inspected
much more closely.

Odometer Fraud. Not having that much time, | did an internet search and found Carfax (1-800-
FIND-VIN). They search through DMV and auction records in the US and Canada and while
they don't give a complete ownership history of the car or any details on previous owners, they
can tell you if the car was ever totaled, salvaged, stolen, or in my case, that the car actually had
183k instead of 63k.

Odometer Change. I'd check the maintenance book to see whether the speedometer/
odometer has been changed. | believe that quite a few of these had problems, and were
replaced. The manual should say what the mileage was on the unit that was removed, if there
was a replacement. Add this to the mileage showing on the odometer in the car for total
mileage. Maintenance and repair records often state the mileage at which the car came into the
shop, and can substitute for the maintenance manual, if it's not available.

Flood Damage. [Tip from Bob] Recent floods in North Carolina and Houston resulted in
thousands of flood-damaged, totaled cars. Weak title laws and frequent title fraud result in
many of these cars entering the used car market. The flooded cars (last week Houston became
one of a 28-county disaster area) will no doubt have some Volvos in the mix, and some may
wind up for sale far away from Houston. If the price is too good to pass up, there is one check
that works: using a mirror look on the top of the fuel tank for flood-left debris.

[Editor] You can check in other nooks withing the car for flood debris: inside door panels, up
under the instrument panel, etc. Flood damaged cars usually suffer from major problems,
including electrical, engine, accessory, and transmission. While the title is supposed to state
whether the car has been flood damaged, many titles are fraudulent. In the US or Canada,
check the VIN through Carfax as a first step. Caveat emptor.

Maintenance Requirements. For tips on necessary maintenance, removing tobacco smells,
etc. for a used car see the FAQ section in Preventive Maintenance.
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Model Tips:

Buying a Used 740: Check the following before buying: (1) cooling system pressure test to
check for cylinder head or block cracks, or other cooling system leaks; (2) look inside valve
cover for varnishing/condition of rockers/cam etc (should give a fair indication of oil change
interval); (3) a compression test; (4) starting the car when cold and noting color of any exhaust
smoke; (5) examine the air filter; (6) Rear axle pinion seal for leaks; (7) A check of the rear axle
fluid for suspended metal particulate; (8) color of brake fluid, dark meaning high moisture
content and no recent change, and likely repairs; (9) Listen for knocks, squeaks, groans from
the front end. All the bushings there could be up for replacement. (10) Check the bottom of the
front of the engine for leaks; flame trap may be plugged resulting in blowby past the seals; (11)
engine wiring harness for loss of insulation, cracking, etc. (12) rust in the tailgate or center and
side storage bins in the trunk and the floors (13) Overdrive engagement in transmission if
manual.

[Don Foster:] Inspect the aluminum pipe in the A/C line under the metal clamp -- they corrode
through, then you have an expensive repair (if you want A/C). Also inspect the operation of the
air conditioning system. See the High Mileage section for more details, as well as individual

FAQ functional sections.

Buying a Used GLE with B234F. [Tip: Jason Kneier] the block is the same as the B230 you
are familiar with. Only the head head/manifolds are different. It's good that the car appears to
have been cared for, as these engines are slightly less robust than the 8V versions.

The two concerns | have heard regarding this engine are :

1) The head is an INTERFERENCE design. Change the timing belt and oil pump bolt religiously,
and make a point to pop that cover off every now and then just to inspect it, because if it breaks
you will bend valves. [Chris Herbst] ANY timing or balance belt on a multi-valve Volvo should be
changed if at all in doubt.

2) Keep an eye on the hydraulic lifters, as they are inherently weaker than physical valve lifters.
One other thing - a lot of the 16V engines got the ZF-22 4spd lockup tranny. This tranny is
problematic, but is easily replaced with an AW70L or 71L. With proper care, this will be a great
car! [Tip: Abe Crombie] The oil pump bolt is a weak point. It would be a good idea to replace it if
it not noted as having been replaced at the same time as cam belt. The bolt is not a high
strength bolt and can be obtained at a parts store. Loctite is a good idea when it is installed.
The tensioner for balance shaft belt can lose its plastic teeth and this throws off the cam belt.
Jason's correct mention of the valves hit pistons (interference) is a good reason to not let either
of the things | mentioned happen. The transmission (in the '89 740 GLE) is not the ZF gearbox
with the bad history but is a different gear ratioed version of the AW71L called the AW72L. Its
gear ratios are revised to better suit the 16 valve engines lower torque production at lower revs
as compared to the 8 valve versions.

[Comment: Al Asamov] As this is an interference engine(if a timing belt should break, valves can
be damaged at least), you will have to be scrupulous about getting the timing belt(s) changed at
intervals. If you love to drive, this car will please you. If you resent paying for scheduled
maintenance, something

else might suit you better.




[Tip from Paul Bente] If you buy one, change timing belt and the intermediate shaft pulley bolt
religiously every 50K, use synthetic oil (Amsoil or Mobil 1), use combustion chamber and fuel
injector cleaner frequently. [Tip: Sheldon Fast] | would replace all belts and inspect very closely
the timing belt covers, and in fact if original | would replace them with the newer versions (the
plastic covers over the timing belt disintegrate and a piece can fall into the belt cogs, jamming
it.) 1 would also replace the idlers if at all less than perfect and replace the seals. The belts
could deteriorate if there was excessive oil leakage getting on to the belts. The cases of
destruction have usually been caused by exceeding the service interval, or | have heard of poor
oiling service causing cambearings to seize leading to belt breakage. This is one of the many
reasons | use synthetic oil.

Buying a Used 760 with V-6. [Inquiry] What is your opinion of the reliability of a used six-
cylinder 760? [Response: Abe Crombie] The odd fire mechanical fuel injected version used
from 1976 through 1986 is the one with the tendencies for premature cam failure.

The 1982-1986 760 GLE uses this engine.

The 1987-1990 v6 is the later revised version with LH electronic fuel injection and superb
reliability and smooth running.

The 87-90 760 GLE models often have a low resale value due to the reputation of the earlier
motor and can be found as a real value. Maintenance Notes: These motors are easier to
access and repair than any of the late model GM or Ford V6's. The exhaust gaskets are easy as
is cap and rotor access. The intake is sealed to head with O-rings and these don't go bad. The
intake is dry so there's no water to leak. The water pump sits front and center, really easy. The
front timing cover gaskets can slip out and fail allowing an oil leak, time consuming but not brain
surgery to fix. The bolts for cover being snugged up would likely prevent this. The valves need
30K adjustment via adjustment screws with jam nuts; easy as a Beetle except for setting the a/c
compressor off the RH valve cover. The heads have oil troughs through which the cams dip
and get oiled before the oil supply reaches the rocker arms and drips off to oil cam lobes (No
more short cam life as in earlier pre-87 motors). The timing chains seem to have a lifespan of
over 250K miles. The LH 2.2 fuel system is as reliable as any 85-88 240 (actually think the
AMM's do better than 240 version). Less spunky than the 4 cyl turbos but tons more quiet on
high speed cruise (no 4 cyl buzzies on this engine). There are very few interchangeable parts
between the pre-87 and 87-90 motors so don't let anybody scare you with stories they've heard
about somebody who had a V6 Volvo and how bad it was. The 87-90 motor is a whole 'nother
story. | give it two ratchets up.

[Tips from Herb Goltz] Things to look out for--

1. Change your oil every 3K mi-- use the specified 15W40 (actually a high detergent diesel
oil-- keeps the oil galleys clean)

2. Change your coolant every two years (the aluminum used in the block is somewhat prone
to corrosion)

3. Have the valves adjusted once a year (they are solid, not hydraulic like most modern
motors). No need for shims like the B230-- the B280 has adjusters that look just like the
old VW aircooleds

4. The B280F is prone to oil leaks at higher mileage (possibly also on low-mileage cars that
sat for protracted periods of time). Mine leaks a bit from the timing chain covers (which



have 25 bolts and two gaskets) and the rear main, and seeps slightly from behind the
crank pulley. Higher-mileage engines will see front crank seal leaks.

5. This motor fouls throttle bodies just like the B230s do. If you get a surging idle, clean your
throttle body first. That fixes 90% of weird idle problems. A gunky idle air valve seems to
account for the other 10%.

6. This motor also uses a plastic capped aluminum rad. The plastic gets brittle and will crack
when it gets older. Watch for it and replace it early

7. Make sure your water pump belts aren't too tight-- if they are the B280F will eat water

pumps

The B280F has lots of coolant hoses-- replace them if they look suspect

The B28/280 has two timing chains that do wear and can break or more likely slip a tooth

or 2. The engine is an 'interference' engine and valves will bend if the chain slips or

breaks. There are wear indicators that can be checked with the valve covers off. While
the lifetime is around 200k+ miles, you need to watch chain wear.

© ©

Besides these things, drive it and enjoy it! There are a lot of underinformed types out there that
will want to tell you that any Volvo V6 is trouble. That simply isn't true. Their prejudice will get
you a great value!

[Inquiry:] I'm about to buy a 1990 760 sedan, 85K and all service records. Opinions?
[Response: Eric D.] The biggest concern on the 760s are the abundance of luxury equipment,
which gets pretty expensive if things start to break. Take some time and go over all of the power
amenities and luxury features in the car, especially the power assists (seats, windows, sunroof,
mirrors, antenna, etc.) and find out if it's all working properly. Make sure the sunroof itself tilts
and slides properly, and doesn't leak. Also, make sure the automatic climate control system and
A/C are working well--air conditioning units in these cars can have a reputation for spotty
reliability and leaking hoses. At 85k miles, the Nivomat auto-levelling rear shocks should still be
in good shape and should last well over 100k miles, but be aware that they are very expensive
to replace, and cannot be substituted with standard shocks on this model.

[Response: Zippy] Go for a 740 turbo, as new as you can get. Those are 25 year plus life span
cars and have HALF the problems of the 760s. Failing to find a 740 Turbo, settle for a 940
Turbo. Skip any Volvo that has "60" in the name, unless you like paying lots of money to repair
things like vacuum motors in the AC, costly power seat parts (older is definitely not better with
power seats) and other "refinements" over the 7/940s.

Buying a Used 780. See http://www.geocities.com/MotorCity/Garage/6570/tips.html
for great information on buying a used 780.

Buying a Used 940. Volvo improved the brakes in 1992, by reducing front rotor diameter from
11.3 inches to 11 inches and increasing thickness considerably. New calipers to accomodate
the wider rotors. The change was intended to reduce warpage of rotors. The 1990-on engines
are all very good and stronger than the 85-88 motors and stronger than the 88-89 motors. In 93
or 94 oil jets were added to cool the underside of the pistons. | believe all 92 and later 740/940s
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were automatics, but the changeover may have been 93.

[Editor's Notes:] Check some of the 940 anomalies before buying. These include puckering
door panels around the lock buttons which are very expensive ($800 parts) to replace
(especially model year 1995), the functioning of the transmission shift lock switch and release
button, and functioning of all body electrical components including power seats, power sunroof,
power mirrors, mirror heaters, rear defrost. Check as well the performance of the air
conditioning system: repairs are expensive and these cars have suffered from leaking
condensers.

See the notes on rust in front frame members at 940 Rust Alert

940SE. [Rob Bareiss] In North American markets, Volvo imported a 1991 "940SE" which has
differences from the normal 940. The 940SE wagon has the same solid rear axle as the 740's,
but it has the Nivomat self-leveling rear shocks rather than the conventional shock/spring
arrangement of the 740 or 940 wagon. This can be converted, as noted in the FAQ and then
you won't have to buy $400 shock absorbers. The sedan has the multi-link rear suspension and
has no good choices for shock replacement other than buying new expensive Nivomats.
Another difference is in the front bodywork. The car has the lights, hood, cowl, grill, turn signals,
and bumpers of a 89+ 760 or a 92-94 960. That means that it has corner lamps that are different
from a base 740, either early or late, and the lamp assemblies will be different also depending
on whether you've got foglights. However, many parts from the regular 740/940 models do fit
the SE. Virtually everything mechanical is the same.

Buying a Used 960/90.
[Major Caution:] See the 960/90 section about sticking valves, cracked exhaust manifolds,

driveline noises, leaking rear main seals, failing engine wiring harnesses, and other major

problems. Reports from Brickboard buyers are not encouraging about the reliability and cost to
repair these cars.

College Cars: Thinking about buying a 960/S-V90 for your high school or college kid as a first
car? DON'T. These cars suffer from complex, expensive systems. They require regular
maintenance. If certain maintenance is not done on time or correctly, the engine will self-
destruct. These are not cars for people who don't pay attention to rigorous maintenance
schedules.

[Inquiry:] What is the best 960 model year to buy? [Response: Lars Lundblad] Regarding
Volvo 960, the best year model to buy secondhand is 1996. Problems with 960:

1991-2 Camshatft belt too thin, giving vibrations and in some cases total breakdown See
960 Timing Belt Change
[Editor's Note: see Porous 960 B6304 Blocks for major block porosity problems,

reportedly occurring randomly in 92-95 960 cars.]
1994 Camshatft belt (wider) to get away from problems. Helped much.




1995 New construction on the camshatft belt now much wider, no problems reported since
then.

1995 New look on the outside, nicer and newer. A lot of things are specific to local
markets. See your local dealer to get a "printout” on what was standard equipment in
what year/model in your market.

1996 (in Europe) Totally new electric system (Motronic 1.8 ignition system; no reports of
failure), new engine control system, SRS (airbag) in front seats, new front wheel
suspension, new rear axle design with a composite spring laying down instead of the
usual ones

1996 960 is the best year/model to buy secondhand, at least in my opinion. The Volvo 6
cylinder engine 3,0 liters (2,5 1995->) is extremely well built it runs and runs. It is the same
engine that is in S/V70 (850) only with one fewer cylinders. Before | bought my 960 1996, |
looked around and in the southern part of Sweden | met a cabdriver whose 960 1993 had run
for 700,000 kilometers with no repairs, just the standard "service". [Response 2: Ross Gunn] |
have a '95 960 (Canadian market), and it has most of what is mentioned here as new in '96 (2
front air bags, multi-link rear suspension with composite (flat) rear spring. I'm not sure what
changes in the electrical system and engine control system Lars refers to, but mine has the
Motronic 1.8 ignition system. | also don't know what front suspension changes he

refers to. As far as | am aware, there are no significant changes after '95, so '95 or newer
should be a good choice. The S90 is the same as the 960 and will be discontinued after this
model year.

[Tips from Rob Bareiss] Make sure the timing belt has been changed and is documented. ANY
timing or balance belt on a multi-valve Volvo should be changed if at all in doubt. Check the
VIN# out with a Volvo Service department, to see if the car has any "open service campaigns".
That would mean it was not brought in for a dealer recall item. There could be a minor thing, but
it's a good indicator of whether the previous owner cared about the car, or not. Look under the
car, particularly for exhaust leaks at the rear flange or flex-joint of the catalytic converter (next to
transmission). If you see or hear leaks, this is an EXPENSIVE fix on a 960. Volvo gets over
$1100 USD for a new cat; non-Volvo replacements are over $500. Also look for oil drips at the
front end of the transmission- a rear main oil seal is an EXPENSIVE repair. Drive the car- it
should have no shake at all in the wheel when braking. Front rotors can warp, and they're over
$100 each to replace. Make sure the Auto Climate Control does everything right. Run the A/C
fan on full, and accelerate hard. The vents must not stop working. If they do, you've got
expensive work ahead. And finally, look to see that when you arrive, the back of the car is not
sagging. These cars have very expensive Nivomat self-leveling shocks in the back- they're $250-
$450 USD each! The car shouldn't sag more than 1 inch overnight.

[Editor's Notes:] Check some of the 960 anomalies before buying. These include puckering
door panels around the lock buttons which are very expensive ($800 parts) to replace
(especially model year 1995), and functioning of all body electrical components including power
seats, power sunroof, power mirrors, mirror heaters, rear defrost. Check as well the
performance of the air conditioning system: repairs are expensive and these cars have suffered
from leaking condensers. [Tip from Rafael Riverol] If you have a 960, | please take off the
plastic cover atop the engine and examine the female connectors at each of the six coils. |
suspect you will likely find crumbling insulation, brittle barrels and poor connections. | can tell



you these can fail you anytime. You will also likely find crumbling wire sleeves that will allow
wire chaffing againt the engine head. Expect to replace both the timing belt and the belt
tensioner and idler pulley. Failure to do so can destroy the engine.

Buying a Used Turbo. [Inquiry:] What are the engine and model specs on the turbo series?
[Tip from Abe Crombie] | don't know what your $$ limit is but the 93-95 940 T will have the
engine with piston oil cooling and the improved tolerances on lower end.

The 92 and later have the bigger brakes up front and larger piston size for rear calipers.

The trans on turbo models is the same except the balls used as check valves could deteriorate
and cause harsh shifts on 85-87 models.

The 88 and later have the larger diameter mains with a full circle thrust bearing for crank.

The 90 and later have the smaller, fast spool up time turbo but this hurts the absolute limit for
boost as the exhaust housing is more restrictive.

92 and later have bigger radiator and intercooler with all electric cooling fans. The sips
structures in 92 and later likely adds some body rigidity.

87 and up have hydraulic engine mounts that are more costly and have a finite life span.
91-93 turbos have the auto locking diff, it was part of cold weather package (heated
seats=locking diff) on 94-95. The auto locking diff is not the best for Hi-Perf track/gymkhana
style activities.

[Editor] Pay attention to the maintenance given the turbo, including oil changes, turbo hoses,

vacuum hoses, coolant hoses (including the oil cooler coolant hoses), etc. Hoses embrittle in the
higher underhood temperatures created by the turbo.

Buying a Used Diesel. Anyone contemplating buying a used 7xx/9xx with a D24 or D24T
diesel engine should see more detailed notes at Purchasing Used Diesel.

Buying a Used LPG Conversion. [Inquiry] Does anyone out there run a 740 that's had a gas
conversion? One has come up for sale in my area and as | drive around 30k each year | am
considering buying it as a second car solely for commuting up and down the motorway (and
hoping to save a few pennies in the process). [Responses: George Holmer/ Ivor Guyett/] MPG
goes down by 20 % so expect worse fuel economy than on petrol. Does performance suffer? No
Does it need more servicing? Yes, it will need the head rebuilt about every 100,000 miles. Valve
seats wear out and occasional misfires kill the AMM. Insurance may depend on whether kit is
DIY installed or fitted by approved installer.

Replacing Your 740/940 With an 850/70. [Inquiry] My pristine 745 was totaled. I'm considering
replacing it with an 850. Anything to watch for?



[Response] My 850 was an absolute lemon. But rather than bore you with details, here are the
the most common 850/70 problems:

. Rear Main Seals; costs about $1000 to repair (10-12 hrs labor): these are unreliable on
all five cylinder engine cars. Clean the flame trap!

. AC evaporator unit; costs about $1000 to repair

. Auto transmission PNP switches failing

. Auto transmission clutch failure and fluid overheating in earlier 850s: consider using
synthetic and flushing regularly

. Tie rod ends and ball joints fail at 50-70k miles

. Heater fans

. ABS control module failures(certain years); also affects traction control systems. These
units can be rebuilt with repaired electronics.

. Check engine and Service Soon lights seem to always come on and require a special
reset device

. Most use quite a bit of oil between changes

. Also known for defective seat heaters, sunroof shades falling out of the tracks, peeling
door panels, peeling moldings on roof, losing the rubber molding above the windshield,
squeeks and rattles, noisy suspensions.

. Make sure the timing belt has been replaced recently; if this snaps it ruins the engine. It is
very expensive to have the belt replaced.

The 850's are more labor intensive than the 2/7/9 series and are more maintenance intensive, in
most cases.

Moral: Keep your RWD Volvo going as long as you can.
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See the section Buying a Used 7XX/9XX for related information.

How to Keep Your Car Rolling for aLong Time to Come. [Editor] Simple preventive
maintenance will keep your car on the road virtually forever. If Irv Gordon can secure two million
miles from his Volvo, then so can you. Follow the instructions in this FAQ section, along with

additional tips in Engine: Lubrication and Buying Used.

Fuel Economy Improvements. How can | improve my 740/940 fuel economy?




Driving Styles. Rule One is slow down: these non-aerodynamic cars burn far more fuel at 75
mph than at 65. Avoid the jackrabbit starts as well.

Mechanical Improvements. [Bob Wilson] For more MPG, try the standard stuff first: fresh spark
plugs, air filter and properly inflated tires. Stock thermostat (92C non-turbo, 87C turbo). Get a
wheel alignment. Synthetic lubricants can help. | use Mobil-1 5W30 in the engines, RedLine
everywhere else. Their 75W90 synthetic gear lube works fine for the 940's ALD rear axle. I've
changed engines over to Mobil-1 at mileages ranging from 40,000 to 260,000, and immediately
gone to extended oil change intervals depending on usage patterns. [Editor] Try Mobil 1
synthetic ATF in the transmission and power steering systems. Small improvements can also
come from low-rolling-resistance tires, which are hard to find but do make a small difference.
Keep them inflated to 34 pounds or so for better mileage. The recommended inflation pressures
are usually determined more for comfort than economy.

Turbo vs. Non-Turbo. If you have a turbo, you likely have the non-lockup torque converter in
your automatic transmission and a lower gear ratio in your rear differential, both installed for
performance and not economy. A US spec turbo has a 3.73:1 ratio without a locking torque
converter. The last of the non-turbos came with 4.10:1 and locking torque converters. Is it worth
changing over? Almost certainly not: your mileage improvement will be at most five to seven
percent or so (up to 2 mpg). The cost will be the replacement transmission and differential and
the labor to install them. Far better to focus on the simple improvements to fuel economy noted
above.

"Service Engine" Light Reset in Various Models. See the discussion in Electrical-Instruments
for information about re-setting the "service engine" lamp, which is an engine oil change timer.

Preventive Maintenance Supplies. Here is a short list of special supplies useful for keeping
your car on the road forever.

Spray Lube. Forget WD-40 and cheap lubes. Use a quality spray lube on locks, hinges, pivots,
sunroof mechanisms, cables and the like. Good lubes include:

. Valvoline Synpower Spray Lube. Another quality lube, sold in auto parts stores.
. Superlube Spray and Grease. PTFE-based, this is great for sliding parts. The grease

comes in a small tube. Buy it from Superlube, at marine supply stores, or at Lowe's/Home
Depot.

. Silicone Spray. Use a can of generic silicone spray for your power antenna lube: it does
not attract dirt and does a good job lubricating the sliding surfaces. Use it as well to
lubricate your door seals. But DON'T spray it near your intake system because silicone
poisons oxygen Sensors.



http://www.valvoline.com/pages/products/product_detail.asp?product=23
http://www.super-lube.com/

Penetrating Oils. Forget about WD-40 and Liquid Wrench. The only stuff to buy is PBBlaster,
available at IPD, Walmart and other mass marketers. Kroil is another good brand. [Peter Milne]
In the UK, try E.A.C.'s PlusGas Formula A, available from tool and engineers' supply shops.

Electronics Supplies. Try Caig Labs "DeOxIt", used by electronics techs to solve computer
problems. Miracle stuff for connector cleaning and deoxidation. Spray both sides of the contacts
then treat the connection (with the sole exception of the oxygen sensor connector) with silicone
dielectric grease. Buy it at Radio Shack. Use OxGard conductive grease on chassis grounds.

Rubber and Vinyl Maintenance. Armorall and the like are suspect. Look for a marine-grade UV
block for fabrics and vinyl. 303 is superb, available at marine stores.

Maintenance: Air Filter Replacement. [Various] To change your air filter, locate the air filter
box under the hood, behind either the left or right headlamp. CAREFULLY unclip the metal
spring clips holding the top to the box. These have a tendency to break their mounts. Because
the plastic can fracture, don't do this in very cold weather. Look carefully for all the clips, some
of which are in strange places. Unscrew the air mass meter clamp from the boxtop. Lift the top
off. If you have a turbo, you will find various parts of wiring harness and fender in the way and
you may need to move the entire assembly to access the top. The filter fits in the box, with a
gasket snug in a recess. Replace this. If your boxtop has silencing foam glued in it, remove the
foam since this deteriorates and clogs your expensive air mass meter. Replace the box top
snugly and CAREFULLY secure each spring clip. If you have any broken clips, you can repair
them by following the instructions in the FAQ file. Under no circumstances should you let a quick
lube mechanic "inspect” your air filter, as they will most certainly break most of your box clips off
in the process.

Preventive Maintenance After Purchase: When | buy a used 700-900 series car, these are
the items to inspect or replace in order to improve reliability and longevity. See the
recommended maintenance schedule in your owners' manual to know when routine items need
to be replaced. The Volvo dealer 150-point check, which costs about $85, is well worth the
expense since you will receive an evaluation of Technical Service Bulletin and recall
compliance. The list below is exhaustive and includes almost all items that wear or fail on the
car.

o Change oil and filter, using a Mann or Volvo OEM filter.

o Change air filter.
o Flush coolant.

o Flush the auto transmission fluid.; Change the rear end/differential lube .

o Chassis lubrication: radio antenna, hood release mechanism, door locks and
hinges, hood hinges, sunroof and other lube points according to the Volvo service
charts. Use a good spray lube (Mobil 1 Spray, Superlube, etc.)
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Brake fluid - thoroughly flush

Fuel filter - replace

Throttle body - clean

Flame trap - clean the breather system to prevent oil leaks

Plugs/wires/cap/rotor - replace or check as required. Use Bougicord OEM wires.
Accessory Drive Belts - all three, replace if needed

Timing belt - replace with Volvo unit. When you do the timing belt replacement, it's

relatively cheap to replace the cam, intermediate and crankshatft oil seals and the
tensioner.
If this is a B6304 six-cylinder or B234 16-valve, changing the timing belt is

CRITICAL (and see: oil pump bolt for the 16-valve)

0

Radiator/hoses/thermostat/water valve - replace radiator if it is older than eight
years. Change all hoses: radiator upper/lower, heater hoses, reservoir hoses, turbo
oil cooler coolant hoses (if a turbo), and the heater control valve. Since this valve
Is made from the same plastic as the radiator, it'll eventually fail, usually
catastrophically . The maximum reliable lifetime of plastic radiators and heater
valves is about eight years. I've added the plastic overflow tank to my list of replace/
repair on 740's with >100K miles, and especially on the Turbo cars. The overflow
tanks are cheap enough to include in the general cooling system maintenance
program. [Editor's Tip:] See the Loss of Coolant discussion for information on
components that age and break. Consider installing a Loss of Coolant sensor.
Vacuum hoses can split at the ends and cause unexplained driveability troubles.
Older cars likely need new hoses. The small hose to the turbo wastegate is
especially vulnerable and if it fails, will overboost the turbo.

Check the water pump for leaks and replace if needed.

Inspect front and rear engine oil seals for leaks

Replace the O-rings on the distributor and the oil fill cap o-ring gasket, and inspect
the valvecover gasket for leaks.

Set valve clearance although the B23X engines tend not to lose their valve tappet
clearance.

Qil filter mount O-rings: check for leaks. Only $7 and can be done yourself

Check the rubber hose that connects the tank prepump with metal fuel line; these
tend to deteriorate with age.

Vacuum hoses: mark ends with duct tape and replace if they are hardened or
cracked.

Hydraulic engine mounts...if the pan is less than 1/4" to the crossmember you're on
borrowed time...if it touches...replace both of them.

Air box thermostat: check to see it operates. Remove or replace as needed.
Transmission output shaft bushing - check/replace as required if over 130K [This is
not a problem area, just a wear issue. There is a bushing on the output shaft of
aw70 and aw71 trannys that wears over time. It costs about $200 to replace at
transmission shops.

Turbos: Turbocharger oil return pipe to block O-ring...only $4 or so but labor again...
replace the paper turbo to pipe gasket. Check ALL, and | do mean ALL, of the




vacuum or pressure hoses in the engine compartment, especially the little one that
controls the turbocharger pressure to the wastegate...blow this one and the engine
will grenade from overboost. Check condition of rubber in harmonic balancer.

o Oxidized Engine Wiring Connectors. See the narrative to find out how to clean and
protect your engine wiring harness connectors.

o Battery cables: clean, deoxidize, and protect with battery terminal cleaner

o Rotting engine harness wiring (83-87 cars): Get busy with a roll of electricians tape
or plan on rewiring a lot of stuff...many wires under the hood have had their
insulation broken down over the last 10 years...not so bad if they're ground
connections, but eventually even those wires/connectors will corrode to the point of
not connecting. Evil things will befall thee. [Note: see prior notes above on Baked
Wiring Harness problems, and connector cleaning.]

n Clean and preserve chassis and engine grounds.

o Fuel Injection relay: resolder

o Check to see if the splash shield under the engine is whole, or even still there!!
That shield helps to keep the engine clean and air flow correct....it's relatively
cheap from RPR or other suppliers.

o Brakes: check pad and rotor thickness and lubricate the caliper guide pins.

o Suspension bushings: check or replace the front conical strut bushings and the
condition of all other front bushings. Rear bushings last a long, long time.

o Useful manuals from Volvo include the Wiring Diagram Book for your car, an
indispensable book when tracing any electrical faults.

Flame Trap Preventive Maintenance. [From RPR:] On four-cylinder non-turbo engines, the
flame trap (a replacement for the old PCV valve in the "positive crankcase ventilation" system)
prevents engine backfires from igniting in the crankcase. However, airborne contaminants and
oil residue will eventually clog this device and cause excessive crankcase pressure. Symptoms
of this problem may include finding your oil dipstick lifted up from its entry tube and worse,
leaking engine seals. The flame trap is "buried" under the intake manifold [between 2 and 3
cylinder intake manifold inlets.] Do not let this discourage you. Replace the flame trap every
year for trouble-free engine performance. Also replace the hoses connected to it if they appear
bloated or "spongy" from engine oil damage. Do not use clamps to hold flame trap hoses in
place; if they are popping off, you may have excess crankcase pressure. Also check that the
vacuum fitting on the induction (intake) manifold is open and providing vacuum for the PCV
system. The fitting is connected by a small hose to the flame trap housing. See the extensive
Flame Trap discussion in the Seals, Belts and Vent file. Note that using synthetic oil seems to

eliminate flame trap clogging.

Lubricant Preventive Maintenance. See the fluid filter under "Steering" and the notes on fluid
changeffilters in "Transmission"” for tips.

Alternator Preventive Maintenance. It would be wise to inspect the voltage regulator/brush



unit (VR/BU) for wear while the alternator is removed from the engine bay. The small slot
screws which retain the VR/BU can be quite difficult to remove, especially if your car is driven in
the "rust belt". The VR/BU sells for around $70.00 and can be obtained at any Bosch supplier. |
apologize for not being able to give you a part number, but the VR/BUs are selected to match
particular alternators and, if my memory serves, later model 240s were fitted with one of three
Bosch models (depending on trim & accessories). One tip | can provide is to avoid cheaper,
third world units as these can fail prematurely! When re-assembling the VR/BU with the
alternator body, place a small dab of anti-seize compound on the retaining screws. This will
make it easier to remove the VR/BU in the future. The rubber bushings used in mounting the
alternator, power steering pump, and a/c compressor tend to require replacement after about 7
years.

[Tip: Editor] Remove your alternator and take it to an automotive electric shop, where they can
rebuild it for around US$70 including new bearings, brushes, voltage regulator and a complete
electrical test.

High-Mileage 1990 740/760 Problems. [Inquiry: Any "special” problems | should look for in a
760 of this vintage?] [Reply:] | bought my 89 740 (non-turbo) at approx. the same mileage.
Some items since then have been the radiator (replaced with an all-metal unit as opposed to the
factory plastic tank version), the heater water control valve, the FI ECM, motor mounts and now
at 175k miles the steering rack needs to be replaced. None of the above parts alone are
insanely expensive, except the FI unit, so if you do your own work, it's not too bad. A recurring
problem on my car is that the power window switches keep flaking out and I'm too cheap to get
a new set and too tired of opening them up and cleaning them. [Editor's Note: see the section
on engine wiring harness problems with 83-87 7xx cars.]

Regina Fuel Pumps. [Tip] If your car does have a Regina system and you have over 150k miles
then replace the fuel pump (f you haven't already) I've taken a couple apart to see why they
failed; the commutator & brushes show excessive wear. Both wore the brass out and one had
the brushes wear so thin it popped out & the wire broke.

V-6 B280F Preventive Maintenance. See the "Buying Used" section for more information on V-
6 maintenance.

960/90 Preventive Maintenance. See the 960/90 Section for specific tips on preventive
maintenance to these six-cylinder cars. Pay particular attention to timing belt , sticking valves
and wiring harness, and make certain you change your engine coolant.

[Tip from Rafael Riverol] If you have a 960, | please take off the plastic cover atop the engine
and examine the female connectors at each of the six coils. | suspect you will likely find
crumbling insulation, brittle barrels and poor connections. | can tell you these can fail you
anytime. You will also likely find crumbling wire sleeves that will allow wire chaffing againt the
engine head. [Tom Irwin] To inspect the FI wiring harness, open up the "Volvo 24 valve" black
spark plug cover and check the wire pairs going to each coil pack. The REAL hazard, the one
that will stop you cold with 1-1-3 or 1-1-4 errors is fixable only by taking out the manifold and
cutting and splicing. Your choice: to repair on failure or pre-emptive strike.




How to Clean Interior Trim. [Tip from Darell] To clean the Interior including the vinyl seats,
headliner door panels, carpet and the rear cargo deck of my 89 Wagon, | bought some Murphy's
Oil Soap. Mixed it with some warm water appox. 30-70% water solution. Used a brush and a
dish sponge. Worked great. Almost good as new. It removed some stubborn stains | couldn't
even get with Simple green.

How to Remove Tobacco Smell From Newly-Purchased Brick? | had the same problem and
used a product sold by Sam's Club called "Odor Ban". Sprayed it on the seats and carpets
before | used a regular upholstery cleaner. worked very well for me. [Numerous] Also try
"Febreze" spray. [Tip from Skip] My local Volvo mechanic also sells late model used Volvos. He
uses a commercial ion generating deodorizer on the smokers. He uses a new filter on each
application. Put the unit in the closed car and run it for several hours. Not cheap (he charges
about $100 per job) but it works wonders. [Tip from Bret] A trick | learned from a chemical tank
cleaning place | used to work...Vanilla...Any time they had a hard time getting the smell out of a
chemical tanker they would soak a roll of paper towels in vanilla extract and hang it inside the
tank overnight. For a car I'd stuff a big coffee can or such with paper towels and soak it down...
then leave it uncovered overnight. (Variations on this include a tin of coffee grounds or sliced
apples, left until they rot. Or volcanic rock odor eliminator, found in the cleaning supplies section
at Home Depot (if you are in the U.S.) for US$6 that is very effective.)

Maintenance Records. [Tip: Steve Ringlee] Zee's recent post on "Computerized Maintenance"
was very insightful. I've tried to keep two sets of maintenance records for each car: one on my
computer and one in the engine compartment. The computer records in an Excel file show date,
mileage, who did the work, and a detailed description of not only the major work done but things
to watch for in the future. This is backed up by a file of all receipts (remember the lifetime
warranty on shocks? you'll need the receipt!) and warranties, etc. This goes beyond the stamps
in the Volvo maintenance book: things are described in more detail and include work never done
at the Volvo dealer, who is seldom visited. The other set is in the engine compartment. My
father's mechanic taught me this: use permanent marker and white duct tape on selected flat,
cool surfaces to record routine things like:

the complete record of all fluid and filter changes: oil, trans, diff, brake, coolant, brake
fluid, power steering

tire rotations, wheel alignments

changes of plugs, plug wires, cap & rotor

seals and belts

air, fuel filters

replacement of relays, sensors, battery, etc.

When you are maintaining five cars for self, wife, kids, in-laws, etc. it is impossible to remember
what is going on. Every time | bring one of them in for service, the mechanics at either the
dealer or Sears, etc. are unbelievably grateful that someone has made life easier for them by
posting the obvious in the engine compartment. It also makes diagnosis a whole lot easier and
keeps me from doing things twice because | forgot that | had done the work last year. | just open



the hood and instantly know when something is due for work. Even better than duct tape (which
tends to shrink over time) is a Brother or Casio label maker and white label tape.

[Tip from Zee] | am trying Automotive Wolf software, which seems very good for input about

services, parts, PM schedules, reminders, etc. Very easy interface. Program opens up to an
"Alarm Notice" and a "What's Due" window. Very handy. The diagnostics and technical info
areas are rather superficial, though.

High Mileage Badges. To obtain high mileage badges for your Volvo (each 100k up to 500Kk,
then in larger increments) contact Volvo through their appropriate country website. In the US,
you can call 1-800-550-5658 for a registration form or visit: Volvocars.US To mount them on

your grill, see Brian Murphy's techniques in the FAQ file.

Towing Your RWD Volvo. [Inquiry] My car is disabled and needs to be towed. Is there an
approved technique? [Responses: George Downs/Robert Ludwick/Randie Starkie/John
Sargent] Towing the car with the rear wheels on the ground can cause lubrication problems in
the transmission. There is no internal oil circulation because the only oil pump is run by the input
shaft. Therefore no lube. Comments:

. When | had to call my auto club for a tow, they had it on their computers that any volvo
was an automatic flatbed call. They won't even send out a regular hook.

. The last time | required a tow the company used a truck that lowered a platform with
indentations for the REAR wheels. They slid it under the car/wheels and then lifted the
rear off the ground. The steering locked in a straight forward position (don't know what
they would do if it hadn't). This prevented any worry over the transmission being
damaged and from what I've read automatics can suffer damage as the distance of the
tow increases.

Most tow operators have a dolly; when they tow a RWD, they will put the rear tires on the
dolly while hoisting the front tires. If | was hauling the car with a tow dolly (which | have
done), all | would do is mark and disconnect the drive sahft at the rear axle.

Car Storage Tips. [Inquiry:] | will be leaving the country in another month and have to put my
Volvo in storage. What type of preparation should | do to the car before | leave and what should
| do on my return? | plan on disconnecting the battery and | may even have a friend start the car
once a week...the storage will be outside with a car cover and will be sitting for the majority of a
Phoenix summer.

Shorter-Term Storage Hints: [Response 1: Paul Seminara] Shouldn't be a huge ordeal to store
a car in Phoenix through the summer. Just keep it in the shade!! (car cover 'll work) Make sure
the tires are out of the sun, too. | don't think it's too good to just start the car once a week,
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unless you do a full warm up cycle with some good driving. | think you'd be better off just
dumping some fuel stabilizer in, filling the tank all the way, changing all the fluids, squirting
some oil in the cylinders, turning it over, put new plugs in and remove the battery (you may do
the battery monitor thing, but I'd be wary if | couldn't eyeball it once in awhile) and let her sit.
[Response 2: John Erickson] All the things Paul mentioned are good things to do, but you can
get away with little or nothing. If you can get someone to drive the car once a month, you don't
need to do anything else. If no one is going to touch it for six months, then you should put it on
blocks (tires get flat spots that won't run out - especially in the heat), top off the gas tank and
disconnect the battery. The battery will be dead when you get back, but it will recover after a
jump start. [Response: Peter Penguin] Mice can enter the car through the vents at the bottom of
the trunk/boot side compartments. Place metal mesh hardware cloth in these rubber vents to
keep mice out.

Long-Term Storage Hints. [Inquiry:] | am going to put my brick ('91 940gle) on the block
(storage) for approx 12 - 18 months in the garage. Anything else | need to do other than the
suggestions from the board. The existing timing belt has 47000 miles on it and the manual
recommends timing belt replacment at 50000, should | go ahead replace the belt now and then
put it in storage, or can | replace the belt after | put the brick back on the road 18 months from
now. if | leave the existing belt in the car, will the existing belt break when | attempt to re-start
the engine 18 months later (the 940gle is an interference engine - major repair if the timing belt
breaks). Any particular areas require extra attention before | put the car in storage?

[Response: JohnB] Store the car and replace the belt after a few hours of running after you take
the car out of storage. Reason is that the belt is supposed to be replaced at x miles (50k in your
case, my 90 B230FT is supposedly 45k in the chilton book but I still figure 50K) or if the car has
been stored for ‘any length of time," whatever that means. Apparently the idler pulley puts a dent
or fix in the belt, a reverse dent or set, and the belt reliability suffers. As you already know, the
engine (non-DOHC 4 cyl) is non-interference, even if the belt snaps when you start the car or
after a few hours, no damage to the engine will result.

You might consider using amsoil marine synthetic lubricant for storage...the marine oil has a
hefty anti-corrosion package that is ideal for long term storage. One should probably change the
engine oil before storage, as well as the engine coolant.

| like to ‘fog' the cylinder walls with marine storage lube, i.e., pop the plugs, squirt lube in the
holes, put the plugs back in, disconnect and ground the ignition coil secondary, pull the fuel
relay, and spin the engine a few seconds while blowing lube in the throttle body.

You can either drain the fuel tank and drop a dessicant bag (onna string...you will need to
remove it!) into the fuel filler neck...it should be pretty well sealed unless the cap is defective, or
you can use a quart of gas stabilizer mixed in with a full tank of gas. 18 months is a long time for
gasoline, however, and you'll probably find yourself dumping the gas so it's better to have less
gas than more to dump. If you have a non-steel gas tank, I'd run the tank as low as practicable,
add the fuel stabilizer, run the engine a few minutes to distribute the stabilizer, and then pull the
fuel relay at the storage site when you fog the engine.

Plug every orifice on the car you can....squirrels or whatever will find them if you don't. Find a



couple bags of dessicant and put them in the car...clean the car real good before you close it up!
If you have someone to air out the car every 3-6 months (no start!) and reactivate or replace the
dessicant bags, so much the better.

Best case is if you can find a giant plastic bag to put the entire car in, suck the air out of the bag
(wet/dry vac works good, and then bleed dry nitrogen into the bag. There are storage bags
available, obviously you have to drive the car into the bag, look in the back pages of Autoweek
or Motor Trend or whatever. Or check out http://www.carbag.com

The Army learned a good lesson from the Israelis on bagging entire tanks/armored battalions...
The tanks start up every six/12 months with nothing more than new battery packs (not a small
deal....a modern tank takes 4-6 BIG batteries, like the size of those on semi trailer rigs.)

Take the battery out and sell it....you'll need a new one in 18 months almost no matter what you
do with it.

Fuel Quality Concerns and Engine Deposits: [Tips from Chris Herbst] Be careful when storing
cars. Make sure you use a quality gas storage stabilizer in the fuel tank before placing the car
in storage. We have found that rotten, stale reformulated (ethanol) gasoline glued the valves
into the valve guides on a 740T we had in the shop. This was the fifth time this shop has had
the problem with stale gas reacting in such a way that it turns into glue. Apparently the common
denominator is plastic or lined fuel tanks. You can literally reach into the tank and scrape this
molasses-like sludge from the sides of the tank. The same, | believe, as with this particular 740.
The results are the same--total intake valve seizure leading to timing belt stripping. There are
no deposits on the cylinder walls or the pistons themselves, which pretty much rules out
byproducts of combustion causing the problem. While carburetor cleaner removes the gluelike
stuff from the valves, it also re-deposits the sludge when it evaporates. Therefore it's necessary
to wash the head out with carb cleaner, not just spray the stuff off.

High-Performance Tires and Flat-Spotting. [Mercedes] Storing vehicles for long periods can
cause flat-spotting of high-performance tires. These tires typically are made with a nylon overlay
that enables them to achieve their designated speed rating and enhanced handling capabilities.
Problem is, the nylon material also has memory-retention tendencies. With this in mind, the
following steps should be taken to avoid flat-spotting when vehicles equipped with high-
performance tires are not used for extended periods: Vehicles should be stored with 44 psi of
pressure in the tires. When a vehicle will be driven, the air pressure should be reduced to the
recommended running pressure. The pressure should be increased once again to 44 psi before
placing the vehicle back into storage for periods longer than 30 days.

Useful Mealtime Tips. [Inquiry: After driving my Volvo, | am hungry. What to do?] You can
heat canned food ( small cans) on the engine block of many 4 cylinder Volvo engines by
removing the paper label and placing it on the engine just under the intake manifold. The car's
cooling system regulates the block temperature, and this should keep the can at around 130
degrees fahrenheit for whenever you'd like to stop for lunch. In WWII, soldiers actually cooked
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roasts and potatoes, etc. on those flat jeep engines on trips between posts ( | got this idea from
one of these old vets) and | believe there's actually a book out called "Manifold Cookery" or
something like that. Just keep your motor clean and don't try to stuff cans tight into the wiring.
B230's are great for this...turbos too, but forget the frogmotors and 16v's ( no room).P. S. This
works year round!

Volvo Maintenance FAQ for 7xx/9xx/90
Cars Top of Page
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Abbreviations

Note: Symptoms may involve several potential failures, so diagnosis should start with
a general perusal of this entire section. Most of these notes apply to Bosch LH 2.2 and
LH2.4-equipped cars. Regina-equipped cars have some differences in components
and component failure patterns. Where known, these are noted in the relevent section.
Symptoms for B6304 engines used in the Volvo 960/90 series cars with Bosch
Motronic are covered in a separate 960 file. Diesel symptoms are covered in the diesel

file. Some notes relate to carburetted cars: they are identified as such.

Caution on Diagnostics and Shop Errors

General Symptoms and B2XX Series Engines:

Idle Problems:

Poor Idle, Idle Surge and Hunt: Cleaning Your Throttle Body

Poor idle, Smoke, Oil Leaks: Clogged Flame Trap

Fuel Intake Carbon Removal

Engine Dies After Starting, Won't Idle; Needs Intake Cleaning

Poor Idle: Injectors Need Cleaning

Poor Cold Idle: ECU E-Prom Needs Update

Idle Speed Control Problems

Start or Stall Problems:

No Start; Frequent Stall or Hesitation: Basic Diagnhostics




No or Slow Hot Start: Problem Diagnosis and Repair Guide

No or Poor Cold Start: Problem Diagnosis and Repair

Intermittent No Start or No Warm Restart: Radio Suppression, Fl Relay,

RPM Sensor

Intermittent No Start: Fuse Contact Failure

Intermittent No Start: Water Leaking Onto Distributor

Intermittent No Start: Battery Cable Connector Failure

No Start: Tear in Air Duct Intake Hose

Frequent Stall or Hesitation: Carburetted Engines

No Start, Poor Fuel Economy: Timing Problems

Stalls in Heavy Rain: Water Leak in Hood

Mixture, Misfire or Idle Control Problems:

Runs Rich; Black Smoke; Poor Acceleration: ECT, TPS, Fl.

760T Floods and Stalls: ECT?

Cold Start, Dies; Dirty or Faulty IAC

Intermittent Stalling: Faulty IAC or Hall Sensor

Slight Hesitation on Acceleration; Several Diagnostic Checks

Hesitation: Poor Driveability: Bad Air Mass Meter Symptoms

Backfire, Poor Acceleration: Failing Radio Suppression Relay

Hot/Cold Air Box Thermostat and AMM Failure




Misfire and Broken Distributor Wires

Misfire Under Load: Ignition Power Stage

Stumble, Stall, Poor MPG: Bad Engine Ground Connection

Symptoms Related to Engine Sensors or ECU:

Engine Failure/No Start/Severe Stumbling: Bad ECU

Hesitation, Poor Idle: ECU Failure with Codes 2-3-1; 2-3-2

Loss of Power; Rough Running; Knocking: Bad Engine Knock Sensor

Retarded Timing or Knock Sensor Code: Wiring Interference

Rough Running: Cvlinder Diagnosis

Hunting Idle; Faulty TPS or ECT

High Idle at Startup: TPS Failure

Idle Surge, High Idle, Poor Idle: Vacuum Leak

Slight Backfiring While Coasting; TPS Mis-adjusted

Symptoms Related to Electrical Malfunctions:

Sudden Cut-Out While Driving; Electrical Causes

Engine Cuts Out at Speed: Ignition Power Stage Failure

Poor Power: Poor Engine Response

Intermittent Ignition Shutoff: Fl Relay or Ignition Switch

Unexplained Driveability Problems with ECU Error Codes: Oxidized




Connectors

Unexplained Driveability Problems: Rotten Battery Cables

Unexplained Driveability Problems: Bad Voltage Reqgulator

Car Runs but Won't Re-Start; Bad RPM Sensor

Car Stalls When Brakes Applied: Vacuum Leak or Fl Relay

Car Stalls at RPM: Fl Relay or Hall Sensor

Rich-Running Problems:

Rich Running Problems: General Diagnostic Notes

Car Stalls; Bad FPR Likely Cause

Car Stalls During Turn; Bad Fuel Pre-Pump Likely Cause

Poor Performance; Rich Mixture Smell: Diagnostics; Faulty FPR

Poor Perfomance, Bad Acceleration: Faulty FPR

Engine Hesitation: Bad FPR

Fuel in Oil: Faulty FPR or Injector

Other Running Problems:

Car Stalls Repeatedly on Startup: Fuel Pump Check Valve

Car Stalls, Lights Die: Electrical Ground Fault

Car Over-Revs RPMs While Under Acceleration

LH-2 Cold Idle Problems -Bad ECT or O2 Sensor and Wiring Harness

Notes



Car Won't Start: Neutral A/T Safety Switch at Fault

Car Won't Start; Plugged Catalytic Converter

Turbo-Specific Symptoms:

Turbo has Poor Acceleration; Diagnostics

Turbo Suffers Severe Misfire: Leaking Intake System

Engine Cuts Out: Rich Running: Turbo Electrical Harness Degradation

760T Misfires; Fl Resistor Pack Defective

Hot Start Problems: Faulty Hall Sensor

Hot Start Problem: Power Stage Overheats

Diesel Engine Symptoms (see Diesel section)

960/90-Specific Symptoms (see 960 section):

960 No-Start: Sticking Valves

960 Stalls: Wiring Harness

960: Transmission Lights Flash, Cylinders Quit: Bad Ground

960 Sudden Idle Surge: ECT Sensor Failure

[Editor: 960/90 series cars suffer from numerous wiring and electrical troubles, all
explained in the 960 section.]

Emission Control Problems (High HC, CO, NOXx):

Emission Control Problems: High HC, CO or NOx




Abbreviations:

AMM  Air Mass Meter
ECT  Engine Coolant Temperature sensor
ECU Engine Control Unit computer (either fuel injection or ignition)

FI Fuel Injection
FPR  Fuel Pressure Regulator
IAC Idle Air Control solenoid valve

TB Throttle Body
TPS  Throttle Position Sensor
VSS  Vehicle Speed Sensor

Caution on Diagnostics and Shop Errors. | solved my 95 960's mystery of code 2-3-
2, uneven rpm's at idle, and an apparently faulty MAF. The local Volvo dealer wanted
to put in two O2 sensors, a new MAF, and other unnecessary service at a cost of
$1275. | tested the car's single O2 (not two sensors), and it was fine. | replaced the
MAF with a used one for $150, and when the 2-3-2 persisted, | found a plugged
vacuum hole in the throttle body! | cleaned it out and now it runs fine.

Word to the wise: shop service writers will take you any way they can unless you are
well informed. Always do some research before you entrust your car to the shop. The
dealer wanted $1275 mostly for parts that my car does not have (2nd O2), was not
broken (existing O2), could be found used very easily (MAF), and were very easy and
simple to fix (throttle body vacuum). Caveat Emptor.

Idle Problems:

Poor Idle, Idle Surge and Hunt: Cleaning Your Throttle Body. .



Symptoms and Why You Should Regularly Clean
Your Throttle Body. The throttle body regularly
fouls on the throttle blade and bore. The
contaminants are oil droplets from the crankcase
ventilation system. Every engine generates some
blowby (gases blowing past the rings) - especially
turbos. When the crankcase ventilation system
routes these gases into the throttle housing, they
carry oil residue with them. When this oily residue
strikes the hot throttle blade, it condenses out due
to reduced pressure and temperature inside the
bore and "cokes" it with nasty, varnishlike deposits
that restrict airflow around the throttle blade.
Although the ECU tries to compensate for this
restriction by tweaking the idle air control valve
(IAC), it often can't compensate enough-hence, the
driveability symptoms. Cleaning the throttle body

Throttle Body: Before and After

often fixes the following driveability problems:

. stalling on deceleration

. rolling idle

. rough idle (hot or cold)

. off-idle or tip-in hesitation

. stalling just once, when the driver shifts into gear first thing in the morning
. sticking throttle in subfreezing weather (which may cause a no-start)

Note that contaminated throttle bodies do not set OBD trouble codes relating to these
symptoms, so you need to consider a cleaning first if these symptoms begin. Make
this a regular procedure every year.

Tools and Supplies Needed. You will need a new throttle body paper gasket (cheap,
from the dealer); an old toothbrush or bottle brush; and a reputable spray cleaning
chemical marked "fuel injection cleaner". Using regular spray carburetor cleaner, for
example, can erode protective coatings on the throttle shaft or destroy a plastic TPS
housing. Tools: flat blade screwdriver to remove the air intake hose clamps, a
combination wrench to remove the three nuts secure the TB, and pliers to loosen the
pinch spring clips on vacuum hoses.

Special Note on Use of Solvent Cleaners. [Larry Carley, Brake and Front End
Magazine, Dec 02] Using conventional aerosol carburetor cleaning solvents on fuel
injection throttle plates, for example, can be an extremely expensive mistake.



Although strong solvents instantly dissolve gum, varnish and carbon from throttle
plates and bores, they also dissolve throttle shaft seals, throttle position sensors or
(when applicable) the Teflon from the air inlet horn! Nevertheless, specially formulated
throttle body solvents do as good of a job without causing potential driveability
complaints. Most are also good for cleaning delicate import carburetors for the same
reason. Unlike "killer" carb cleaners, throttle body solvents don’t cause comebacks by
eating away at delicate switches, potentiometers and neoprene diaphragms found on
import carburetors. Most throttle-body aerosols also spray in the inverted position for
cleaning hard-to-reach components.

Cleaning Procedure. [llustration copyright RPR, used by permission]

o Disconnect the wiring harness from
the throttle switch by compressing the
wire bail on the connector body, then
pulling the connector straight away.

n Disconnect the three rubber vacuum
lines. Two have spring hose clips
which must be compressed to loosen
and pull off.

o Disconnect the throttle actuator rod
by using a small flat-bladed
screwdriver to gently pry away the
little locking tab on the end of the
lower ball-and-socket. Use a flashlight to see it better. (The plastic ends
which have the socket & ball attachment on the link rod can break when
they are removed from an old or very cold engine, so be very gentle and
don't work on a frigid piece of cold plastic. Get replacements from the
dealer. One is a right-hand thread, the other left-hand.)

o Unscrew the three nuts holding the TB on to the intake manifold. You
may need a magnet here if you drop one.

o Remove the throttle body from the intake manifold. The gasket on my car
lifted right off with no fuss, but if you have to scrape be sure to use a
plastic or wood scraper so as not to damage the aluminum facing. You
can reuse the gasket if it is in good shape. Better to replace it if old.

o Clean the entire throat and the throttle plate paying particular attention to
the edges and pivot points to make sure it can close completely. Use an
old tooth brush and spray fuel injection (not carburetor) cleaner. Don't

spray the cleaner on the black plastic TPS. Remove the base idle black
adjusting knob if so equipped and blow out that passageway and blow

out another bypassing passageway that you will see in the throat. [Norm
CookK] If you don't have compressed air, take this base idle boss off and
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pour solvent in to soak. The internal passage is quite small and engine oll
easily plugs it. Clean out the tiny vacuum holes in the fittings that lead to
the vacuum tubes which may be completely plugged.. If you don't have
an air compressor to blow out the passages, use the spray tube on the FI
cleaner can for that. Of course you will want to clean the outside of the
throttle body so it will look nice. Assemble in reverse of disassembly. The
holding nuts go on tight enough to prevent air leaks at the gasket, but
don't overdo the torque in the aluminum manifold. | like to lube the ball-
and-socket ends to free them up next time | clean the TB.

Notes on TPS Adjustments.

O

Do not remove the TPS when cleaning the throttle body. If the TPS or
idle speed need adjustment, see the information in Throttle Body and

Throttle Position Switch Adjustment. But if you can't help yourself -- take

a small screwdriver or other object that will make a fine scratch and
scribe a line across the edge of the throttle sensor switch's flange and it's
mounting bracket, right where the Allen screws hold it tight. Doing so will
get you in the ballpark when it's time for reassembly. After re-assembly,
be sure to check for the "click" when the throttle butterfly comes off its
stop: you should hear a distinct click RIGHT as the throttle is just opened,
noting the switch is signalling the ECU the engine wants off idle NOW. If
this switch is even slightly slow, so will your off idle response. If no click
at all, you may find your engine running at higher rpms at idle since the
ECU does not pick up the "idle" signal.

The mechanical throttle butterfly blade stop is a setscrew on the forward
side of the TB aimed up. It has a nut (8 mm, | think) on the underside. It's
right near the big coil spring that turns the throttle to idle. When you turn
the throttle and allow it to return to idle position, you can see a small arm
bear against this setscrew.

The throttle switch is on the backside of the TB, opposite the setscrew,
and is locked by two small screws. It has an electrical cable plugged into
it.

With the TB off the car, | first loosened the switch so it didn't inadvertently
act as a stop (very bad for the switch!). | backed the setscrew out until the
throttle butterfly plate was completely, jammed shut. Then | turned the
setscrew in until it just touched the arm, and another 1/4 turn. This takes
the mechanical force off the butterfly, so when the throttle slams shut, it
doesn't wear the butterfly or damage the switch. Don't forget to tighten
the locknut, and then recheck the adjustment -- tightening the locknut can
change the screw position slightly.



Then, with the throttle at idle position (the spring forces it there), you
carefully turn the switch until it goes "click". Tighten the two screws. Be
sure, as you rotate the throttle (TB still in your hands) you can clearly
hear the switch "click" and that it does it while the arm is maybe 0.030" off
the setscrew.

Notes on Idle Speed Adjustments [Gregg Stade]:

[Adjustment of Pre-89 TB, TPS and Base Idle:] The p/n's for the
gaskets you will need are 1271488 and 463766. There is an o-ring
on the black knob (pre-'89 only) that you will have to remove to
thoroughly clean the housing p/n 947114. Do not remove the
throttle cable, but with a small screwdriver unclip the small plastic
linkage lock from the throttle body and swing it up , then
disconnect the throttle switch . After the housing has been cleaned
the throttle stop is adjusted. Loosen the 8mm lock nut and back out
the screw, turn the screw back in just till it contacts the lever.
Rotate the screw another 90 degrees and lock it down. Install the
throttle switch and rotate it till it clicks with the throttle plate closed.
Lock it down, the switch should make a click as soon as the throttle
plate is moved . Test it several times in your hand at varying
opening speeds make any fine adjustments now. BTW don't loose
the o-ring on the switch if you remove it; it is not available as a
spare part. With the housing back on the car, adjust the linkage
rod so that the throttle plate doesn't move when it is hooked back
up. After everything is hooked back up there are two more things
to do. First, adjust the cable with the threaded piece at the throttle
bobbin. You just want a little slack. Second, base idle has to be
reset. (Pre-1989 only:) For this, you will need a tach/dwell meter.
You need to read engine rpm. Warm the engine to operating temp.
Here s the tricky part. There is a blue connector behind the battery
with nothing plugged into it . There should be a blue/white wire in
the connector. Ground this wire it shuts off the idle speed motor so
that base idle can be adjusted with the black knob on the throttle
housing. Base idle for this car should be 700 rpm. When the
ground lead is disconnected the idle should go up to 750rpm's +/-
20 rpm'’s.

[More on Setting Base Idle Rate:] Just adjusting the base idle by
the set screw is not a good idea. First, you must check to make
sure the throttle housing is clean from oil deposits, as above.
Upon re-assembly, the base idle set screw must be backed off,
then turned in till it just touches the housing. You want to turn the



screw 1/2 turn then lock it down with the 8mm nut. Remount the
throttle position switch and rotate it just so it clicks then lock it
down. In 1989, Volvo did away with the black idle speed screw,
everything is controlled by the fuel ECM .If the throttle plate doesn't
return completely and energize the TP switch, the fuel ECM
doesn't know the throttle has returned to idle.

Poor Idle; TB Cleaned; Now ldle is Too High. [Inquiry:] Well my
problem is certainly gone. It now idles at 1600 rpm, but that's a
steady 1600. Did | do something wrong, or was the crud in the
throttle body masking another problem? [Response: Evan] Nope,
the crud WAS the problem. Crud makes the car idle lousy and
slow. Lazy mechanics simply dial up the idle to mask the problem,
rather than fixing it. You just need to dial the idle back to spec. On
the end of the butterfly shaft, the end where the spring is, there's a
stamped metal plate. It has a 'leg' bent down that rests against the
idle stop screw. The screw is held in place with a lock nut. loosen
the nut and adjust the screw. [See Throttle Body and Throttle
Position Switch Adjustment for more detail on 89+ cars and
Adjustment of Pre-89 TB, TPS and Base Idle: for pre-89] Be
careful, the screw head has a tendency to strip out. In retrospect,
you should have taken a minute to make sure the screw was free
while the TB was on the bench.

Another thought: Before you do any of the above, make sure that
the 'leg' on the stamped metal plate actually touches the stop
screw at idle. Some REALLY lazy mechanics just adjust the
throttle cable length at the big obvious pulley, rather than adjust
the stop screw

Notes on TB Disassembly:

[Tips on reassembly of TB shatft spring:] | carefully took the
spring off the side of the throttle body, noticing that it was
under tension... one full turn, but alas... | forgot to note if it
was under tension one full turn CLOCKWISE or COUNTER
CLOCKWISE. [Response:] The throttle body spring,
attached to the throttle body lug that goes into the throttle
body and points out from the throttle body to the radiator
goes CLOCKWISE! The spring has a little bent-out stop that
catches under the idle adjustment screw. You put the spring
on so that catches... twist the dang thing one turn clockwise,
put your nut on, attach the throttle control rod and it's done.



Poor idle, Smoke, Oil Leaks: Clogged Flame Trap [Symptoms:] Smoke out the
tailpipe, gradual oil loss, fouled plugs, valve cover gasket or main oil seal leakage.
[Tip: Bob Savasta, Motor Magazine, Jul y 2001] These are classic symptoms of a bad
PCV or flame trap system, which is clogged with sludge or carbon.

Fuel Intake Carbon Removal.

Problems With Valve and Injector Deposits. [Motor Magazine, Dec 2002] As a vehicle
approaches higher mileage, you can generally expect intake valve deposits (IVDs)
and injector deposits. Their onset can vary widely, depending on driving conditions.
Engine operating temperature, intake manifold gas speed (rpm) and hot soak cycles
are some of the critical operating parameters affecting these deposits. To lubricate an
intake valve, tiny amounts of oil have to run down the valve stem. Over time, this oil is
deposited and heated on the intake side of the valve, forming a carbon cone. This has
multiple effects on the intake event. The carbon changes the aerodynamics of the
intake event - causing higher gas speed and a change in the direction of intake and
swirl - which affects the combustion process. The IVDs also act like a sponge, creating
a delay in fuel control. This delay not only creates a temporary enleanment on
acceleration but also causes a temporary enrichment on deceleration. When the
throttle is closed, the intake manifold vacuum goes high, pulling the fuel out of the
carbon sponge. This affects fuel control. When the engine is shut off, a small amount
of liquid fuel is left on the tips of the injectors; this fuel evaporates and leaves behind
solids that were originally dissolved in the fuel). Eventually, these deposits cause an
injector to act like a squirt gun rather than an atomizer. Aggressive drivers and drivers
with long highway drive cycles may not have deposit issues until very high mileages.
Stop & go drivers, especially delivery drivers with many hot-soak cycles, are more
likely to experience deposit problems sooner.

See the FAQ Section on Fuels and Lubricants for more information.

Carbon Removal in Injectors, Intake Manifold, Valves and Cylinders:

Gasolines with Detergents. In the United States, the new Top Tier gasolines are
certified to have adequate detergent levels to remove intake system deposits as
determined by the Top Tier group of GM, BMW, Honda, and Toyota. See their website
at http://www.toptiergas.com/

Gasoline Additives. BG44K is the heavy duty stuff - and recommended in Volvo and
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BMW TSB for removing carbon deposits, particularly from intake valves and fuel
Injectors. Use no more often than 2/yr, and only 1/yr if your system is in reasonable
condition. Pour the can in the gas tank only with the tank full. Use it when you will be
able to drive out a tank of gas in a day or two. Plan on changing the oil and filter soon
after use as it can contaminate the oil with unwanted chemicals. Distributor at website:
http://www.bgprod.com . Other effective products include Chevron's Techron, STP's
Complete gas treatment, and GM "Top Engine Cleaner". Using these cleaners in
conjunction with an "ltalian Tuneup" (driving at high rpms while the engine is fully
warmed up) is frequently very effective. [Caution from Zippy] Volvo specifically
recommends AGAINST using any fuel or oil additives. | know they used to suggest it
was okay, but then decided that catalytic converter damage is done when additives
are used. Since about 1993 gasoline improvements have made additives
unnecessary.

Cleaning Machines. Snap-On decoking machine (reported very effective by Robert
Price) It does clean injectors but it removes carbon better! Also, try Motorvac (a
variation on the Sun machine.) Other techniques include walnut shell blasting/flushing
(many sources of good success) in a shop with the equipment, most often a BMW
specialist.

Injector Cleaning. See the FAQ section in Engine: Fuel Injection for tips on injector
cleaning.

Combustion Chamber Deposit Removal. See the FAQ section in Engine: Mechanical

for a water-based technique that works, although using it with turbos may be a bad
idea.

Engine Dies After Starting, Won't Idle; Needs Intake Cleaning. My '85 with 230F
had a similar problem. It would die after starting and put into gear when cold and Idle
was not stable. Here's what | did to fix it:

Replaced all vacuum hoses and checked for vacuum leaks.
Removed and cleaned air control valve.

Removed and cleaned throttle body in fuel carb cleaner, replaced all
gaskets.

At this point it was running better but not perfect.

Adjusted throttle body linkage and throttle position sensor per the book. It
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has to be done in sequence.
Ran a can of BG44K through the tank to clean up intake valve and fuel
system deposits.

Car now runs very strong.

Poor Idle: Injectors Need Cleaning. See Injector Cleaning for more information on
how to solve chronic idle problems due to dirty injectors.

Poor Cold Idle: B230F/T ECU E-Prom Needs Update. [Inquiry] My wife's 95 945T
(90k miles) starts fine on a cold (below 40F) start, but idles like crap for 20 to 30
seconds. If | hold my foot on the gas and keep it at 1500 rpm for 8 to 10 seconds, its
fine. Car idles nicely when warm, and runs like a dream. When | pull the plugs, they
look great. I've replaced ECT and other parts and cleaned the TB. [Response: Abe
Crombie] Go to a dealer and have them look at Volvo Service Bulletin 28-102
"modified e-prom for cold start with low rvp fuel". This says the symptoms are: car
starts and then immediately dies and requires re-start. Runs rough for the first 45
seconds and may hesitate on acceleration. Recent EPA regulations have
necessitated changes in the formulations of gasolines (i.e. "oxygenated fuels"). The
result of these reformulations has been a decrease in the relative vapor pressures
(volatilities) of these fuels, which seems to be particularly problematic for cold starts/
idling. The updated eprom chip to be installed in the ECU is the fix to make it have
correct fuel mixture computations for cold start. You must have the number from your
ECU in order to cross-reference the correct eprom update kit P/N. The change
procedure described in 28-102 requires careful attention to static discharge.

Idle Speed Control Problems.

High or Unstable Idle. [Symptom] My 945T (94 - 99k) has been having high/low idle
problems - it wanted to idle around 400 or 1500+ - there was no middle ground.
[Solution] Replace the throttle position switch, which detects idle when the switch is

closed and, if faulty, will cause idle problems.

Idle Speed Control on Late 7xx/9xx. In Volvo 700/900 cars with LH2.4 fuel injection,
the idle speed is controlled by a bypass system. When your foot is off the gas, the
throttle plate is fully closed and a separate idle air control valve admits the required
amount of air to get the engine to idle at 750 rpm. This separate valve is controlled by
the computer. No adjustments are possible.




Start or Stall Problems:

No Start; Frequent Stall or Hesitation: Basic Diagnostics. [Inquiry:] | have an 88
740 non turbo 150k miles. Intermittently the engine will stall typically at lower speeds
or idle. It will not restart unless | turn off the ignition and back on again as if this resets
something (the computer?). Also there is a stumble or miss when starting out from a
stop. This is fairly consistent. Another symptom is that intermittently at cruising speed
of say 60mph the engine appears to cut out for only a half second, this will continue
several times a minute until | shut off the engine and restart. Plugs and wires good,
throttle body clean, fuel pressure OK, O2 sensor OK, have checked all connectors that
are easy to get at. It appears that the computer sometimes gets out of whack for
some reason and wants to be reset. Any suggestions?

Basic Diagnostic and Preventive Maintenance Checklist [from Paul Grimshaw/David
Hunter]
You've either got a fuel or spark problem. Here is a basic diagnostic checkilist:

1. Watch the tach carefully when a stall occurs. If it drops to O even before the
engine winds down then that would indicate loss of ignition pulses to the coil
negative terminal. Primary suspects would be the power stage or the crank
position sensor. If tach tracks the engine speed as it winds down then that
would indicate a fuel injection problem. Suspect radio supression relay or loss
of fuel pressure due to relay or pump.

2. Confirm condition of distributor cap, rotor, spark plug wires and spark plugs. If
*all* of these have not been replaced in the past two years with OEM or better
(ie. higher quality ~ more expensive), do so now. (Yeah, | know that you have
not yet determined that the problem is spark related, but there's no sense
troubleshooting a problem unless the basic bits of maintenance are completed
and certified correct).

3. Remove each spark plug, ground the threaded base against the engine block
and, with the spark plug wire connected to *only that plug*, have a friend crank
the engine. You should see a spark. If not, there is a problem with spark
delivery. Repeat with each plug/wire. Note: In most cases, its not the spark but
the fuel. That said, any failure to complete basic maintenance on your engine
will only lead to a poor running engine and multiple, intermittent faults.

4. If your have not replaced the fuel filter in the past 3 years, do so now. The fuel
filter/fuel pump is located under the passenger footwell (driver's side).
Replacing the filter is not a particularly difficult job for the experienced shade
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11.
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14.

tree mechanic with a complete set of hand tools. If you're unsure of your
experience level or tool crib, have the job done professionally. Ensure that the
sub-assembly is completely cleaned and dried before disassembly as Fl
systems do not react well to ingested dirt. It will require Volvo PN 1389562-8.
While you're replacing filters, don't forget the air filter -- you engine will always
run better with a new one of these! Again, a bit of basic maintenance that
should never be skipped.

. If you lack a fuel pressure gauge capable of reading fuel pressure to at least

400 kpa and lacking the proper fittings, true troubleshooting will be difficult.
Your car's LH system is supposed to operate at a constant 300 kpa.

Lacking the proper diagnostic equipment, your only solution will be to replace
each component until the problem is solved. | won't list all of the possible
problem components as most situations are traced back to either the main fuel
pump or the pressure regulator. Use a long piece of hose to listen for the main
fuel pump as the car is being cranked. If you cannot hear the fuel pump turn,
check the voltage using a VOM.

If all is well, skip to the fuel pressure regulator. Replace the unit with Volvo PN

1389564-4, but may also be replaced by Bendix PN 4088942-0001.

If the car now runs, but frequently requires long periods of cranking to start,
then suspect the check valve in the fuel pump. The check valve is a threaded
in-line valve that maintains line pressure between 200-300 kpa after the engine
Is shut off.

If the car still does not start, check the fuel pump relay. If in doubt, replace it

with Volvo PN 3523608-3.

If the car will not re-start while warm, check the radio suppression relay and the
rpm sensor (LH2.4) or Hall sensor (LH 2.2).

If the car stalls while hot, check the ignition power stage amplifier which is

cooled through body contact.

Regina-Equipped Cars: Check as well the coil pack and MAP sensor.
Conclusion. The beauty in the approach listed is that you first complete the
basic maintenance required; car's just won't run well without regular
maintenance! Second, you're using a rudimentary tool (the hose) to check for
fuel pump operation. That's important since the fuel pump is a very expensive
piece of gear that you would not really wish to replace unless it is dead. Third,
there's some merit in repair by replacement, especially if you lack the proper
fuel system diagnostic equipment. The pressure regulator is about $40 buck
and, with age, will eventually die anyway. So replacing it just saves you being
stranded at some point in time. Finally, the pump relay is the next most likely
culprit. [Editor's Note: See the notes below about rpm or Hall sensor and radio
suppression relays; these can also be frequent culprits.]

Hope this helps. Remember the merits of maintenance before trying to solve
any recurring problem.




Basic Ignition and Fuel Injection Component Diagnostics. My '87 740 GLE routinely
dies. My mechanic tells me there is no injector pulse with the hall effects switch or the
fuel injection control unit being the most likely causes. Is there any way to test these
components?

[Tips from Bob Dietz] When the car dies run a test light from the negative side of the
coil to ground. If the light flashes brightly when you bump the starter then all the
ignition components are ok, and the fuel pump should run for a few seconds. If the
light barely flashes and the fuel pump doesn't run, then suspect the ignition amplifier
(between the air filter housing and the inner fender wall.) If the light flashes and the
fuel pump doesn't run, suspect the fuel injection relay (the white relay behind the

ashtray--remove the lighter, lighter cover plate, two screws and the ashtray to

access). Pull the cover off and reinstall, turn the key to run position and operate the
contacts by finger. If the fuel pump runs then the relay is suspect--resolder or replace--
your choice. If by turning the key to start and holding the fuel pump point set closed
the car runs, release finger pressure on the fuel pump contacts. If the contacts stay
closed for a few seconds after you release the contacts then the relay is bad and the
fuel injection control unit is ok. If the motor shuts off as soon as the fuel runs out after
you take finger pressure off the relay contacts then replace the relay and the fuel
control unit--the protection diode on the relay has failed and wounded the computer.

Other Component Tips:

[Tips: Mark Klein] Sounds like you've been fairly thorough already. There is a radio
noise suppression relay on the coolant reservoir which can go bad and cause a variety
of similar symptoms including not running at all. Be sure the fuel pump relay is in
good shape. It is the white one in the 2nd row back on the far left. Check the date
code printed on the side. If it is the original, it wouldn't hurt to replace it anyway. The
Hall sensor sender wiring (pre-89 cars) coming out of the bottom of the distributor can
short out against the distributor housing if the plastic connector breaks. This is quite
common but | doubt if this is giving your symptoms. The rpm sensor on later LH 2.4
cars can also fail. The Fl control unit itself can go bad. One of the more common
circuits which fails is the one that grounds the fuel pump relay and, in turn, turns the
fuel pump on.

| doubt if an air mass meter would give the symptoms you're getting but you might try
removing and reconnecting the electrical connector a few times. See also the tips in
the FAQ sections below.

Wiring Shorts. [Tip from Chris L] Stalling combined with fuse 11 failures (fuse 11
supplies the fuel pump and the oxygen sensor, at least in Regina cars) can result from
wiring shorts at the fuel sender unit at the tank or in the oxygen sensor heater wiring
near the exhaust, which can fray and short against the pipes, causing the fuse to blow.



Carburetted Engines. See the note regarding relays below. Don't immediately
conclude you need a rebuilt carburetor.

No or Slow Hot Start: Problem Diagnosis and Repair. See the attached file for a
guick-reference guide to no- or slow-hot-start problems and diagnoses.

No or Poor Cold Start: Problem Diagnosis and Repair. [Editor] Assuming you have
reviewed the checklist above and eliminated ignition or fuel injection components as
sources of a poor cold start condition, look for vacuum leaks. Holes in the air intake
hose, vacuum tubes, a failing vacuum check valve in the brake booster, a broken
booster diaphragm, or a leaking intake manifold gasket can all cause your engine to
fail to start or to perform very poorly once started, with fluctuating or high idle and poor
tickover.

Regina System No Start or Re-Start on Cold Mornings. [Tip from Bruce Young] If your
car has Regina fuel injection and you have difficulties with re-starting after the car has
been sitting for half an hour or so, see the Volvo TSB 23-135 from January, 1990
regarding Cold Start Problems. Here's a summary:

"Below 23°F (—5°C) cold start difficulties...rich fuel mixture during cold start crank and
warm-up"

Before chasing this down, you can tell if this TSP has been applied or not by checking
the wires at the cold start injector plug. First, peel back the rubber boot. If the 2
connected wires are Gray-Black and Blue-Green, the TSP has NOT been applied. If
the wires are Gray-Black and any other color (with Blue-Green cut off and taped back
-- or removed --) the TSB HAS BEEN applied. NOTE: This TSB rewiring will cause a
permanent 3-2-1 OBD code, but no CE Light.

Background: The CSI has voltage is applied from the Radio Suppression Relay, like
the regular injectors do. And is controlled on the ground side by the ECU, based on
temperature. The TSB changes the CSI's voltage source to an auxilliary terminal on
the starter solenoid. So the CSI now gets activated only during cold cranking, rather
than as soon as the key is turned on for that 1-2 second pump buzz — and all during
warm-up, till warmed above the "cold start" temp criteria.

Intermittent No Start or No Warm Restart: Radio Suppression, Fl Relay, RPM



Sensor. [Inquiry:] Sometimes the '88 749GL just won't start. It seems like it's not
getting gas when this happens, but after sitting for awhile (a few hours, overnight, or
occasionally just a few minutes) it starts right up like nothing is wrong [Editor:] If your
car fails to start until after it has cooled down, the three items to check are the rpom_

sensor, radio suppression relay and fuel injection relay solder joints. [Response] Try

the fuel injection relay. Find the relay in your center console relay bank and tap it to
see Iif this restores fuel flow (starting immediately). [Response] | have a 90 740gl that
had the same problem. When you're cranking the engine and it won't start, is the
tachometer needle moving a little? If not, as mine didn't, | believe you want to check
into the RPM sensor. Check the RPM sensor located on the back of your engine,
connected to the bell housing. The wire runs up the back of the engine compartment
towards the drivers side. Look for the part number on the wire and check if the part
number ends with 399. This rpm sensor has a heat related problem: common for it to
cause a no- start but able to start a little while later. Since | replaced mine for about 30
$ | haven’t had the problem. [Editor: post-88 cars have this sensor; pre-88 cars have a
Hall sensor inside the distributor.] The third common cause of no-hot-restart
conditions is failure of the radio suppression relay. This relay is usually mounted

beneath the coolant expansion tank and may be next to the identical coolant fan relay.
You can often test it by swapping leads with the coolant fan relay, but only if the latter
Is working. This may not be the case in cooler regions where it is not frequently used.

Tach Needle Movement. [Chris Herbst] In all of the Bosch systems, the tach jumps
when you crank the car. In the Regina systems the tach does not usually move until
the car is running. | have noticed this in all the Rex ignition ('Regina’) cars. Unless the
car is running, the tach is normally lifeless.

If you Have a Regina System: [Chris Herbst] If you have problems with a Regina
system that has an intermittent no-start:

Crank sensor

Interference relay

Fuel pump relay

Coil pack (THIS IS A BIG ONE)

MAP sensor. Not very expensive.
Regina Only: Wiring to cold start injector

ook 0w

Far Less Frequent But Still a Related Symptom: Ignition Amplifier. If the car will start
and then die, or refuse to start again until it's cooled off, or just not start period. or just
randomly die or misfire under load, then suspect a failing ignition amplifier. This is

located on the driver's side fender (wing) behind the headlight.




If You Have a Turbo: Boost Overpressure Switch Failure (if so equipped). See the

FAQ file.

Intermittent No Start: Fuse Contact Failure. [Tip from Roman Shestakov] | had a
situation when my 1990 740 GLE just would not start. Engine turns, lights come on the
dash, but does not start at all. No pre-charge noise from the fuel pump could be heard
before turning the engine. After pulling out the relay tray to inspect the fuel injection
relay, | found instead that fuse #1 that supplies power to ECU and fuel pump was
making bad contact with connector in fuse box. Plastic around that fuse was melted
and looked brown. You immediately could tell that there was an excessive heat
around that fuse. Repairing it was easy. After pulling the fuse/relay assembly box out
of console, remove all fuses. Take a flat screw driver and pop the fuse box upper
cover out by prying on its sides (there are already slots available for that kind of tool),
exposing fuse contacts. Examine the fuse contacts. Mine were all oxidized and looked
very brown (heat caused copper to oxidize and made contact surface even less
conductive over time) causing current to heat up the contacts. Take a small piece of
sand paper (spread contacts apart with screw driver if necessary) and clean contacts
inside surface from deposits until it turns copper-red like other contacts next to it. In
my case, | had to scrape them with a knife as well. Then straighten contacts carefully
so that they are parallel to each other and "lean" against each other as tight as
possible, similar to undamaged fuses. Your fuel injection fuse is rated at 25A and must
go in tight, or you will be facing the same problem again. Then pop the top cover back
on and reinstall all fuses. Re-install everything back into console except the fuse cover
box. Test drive the car for 5-10 minutes, and while you are driving, put a finger on fuse
#1 and the plastic upper plate around it. It must be cool to touch.

Intermittent No Start: Water Leaking Onto Distributor.

Leaking Washer Fluid Line. [Tip] My 940 suffered from intermittent no starts until |
discovered that the windshield washer fluid anti-check valve on the firewall was
leaking and squirting water onto the distributor cap. A new valve, cap and rotor solved
the problem.

Rain Leaking Past Failing Firewall-Hood Gasket. [Tip: Georege Pigg] My 93 940 went
through a period of time where it would randomly fail to start. On one occasion the
engine even quit as | was making a right turn. Looking back over all of the "no starts" |
discovered that all of the events occurred during rainy weather. Further investigation
revealed that the weather stripping seal between the rear of the hood (engine lid) and



the firewall had failed. This allowed rain water to reach the distributor and the
connector for the rpm sensor. After placing tape over the gap between hood and the
firewall there have been no more failures to start even during rainy weather.

Intermittent No Start: Battery Ground Connector Failure.[Inquiry] My 1988 740
GLE has been having an intermittent no start problem; all other causes have been
ruled out. [Tip:Dan] | would follow the battery ground cable to the block , it is just in
front of and just below the oil filter. Pull on the cable hard while wiggling it. | had the
same symptoms as you have and in my case that was the problem. When | just
touched my cable at the block, where it went into the connector it came right off in my
hand. | bought a new one of the correct length and re-routed it, instead of running
back through the frame, where by the way, the plastic insulation was worn completely
off to bear wire. That is what caused my start sometimes and sometimes not. [Editor]
Check your engine ground straps for oxidation and corrosion.

No Start; Tear in Air Duct Intake Hose. [Inquiry: David Smith, courtesy UK Volvo
Club] For the last six months it has been getting harder to start. Up to now there has
been no problem - has 170,000 miles. Fuses are OK and | replaced the distributor
cap, rotor, installed a new wire set and replaced the spark plugs. | also noticed that
one of the wires leading to the coil was also in very bad shape at the coil end. |
snipped off some of the wire and replaced the female connector. I've been to two
dealers who put it on the computer ‘scope’ - no problem shows up. One dealer
cleaned the throttle body (dirty) and the other installed a new crank case sensor. A
third dealer said it may be a poor ground (all seem OK) or a computer module. | said
that nothing showed up on the computer analysis at two different dealers - and he said
that it probably wasn’t the module in that case. Very recently it just wouldn’t start. It
turned over OK and | unsuccessfully tried to jump start it from two different vehicles, a
light truck and a V8 Chevy (using a good jumper set). There was spark from the plugs
when turning over. We also sprayed di-ethyl ether in to the engine via the fuel injection
system and engine fired OK when turned over. Tried again - turning over OK - but not
starting. However, just three hours later it started up with no problem on its own and
has run OK for 3 days. From what | can gather | suspect that it may be an ECU
problem - but nothing has shown up on the computer scope at two dealers. [Later
reply from David:] A local mechanic found a small tear in the large diameter air hose
(has the bellows) that runs from the air mass sensor (and air filter end) up to the
throttle body. He did a quick repair using a sealant. Since then everything has been
fine - no more starting problems. It's very easy to inspect this air hose - just undo the
clamps at either end - make sure they are tight when you put the hose back on! |



spoke to another Volvo dealer recently - regarded as the best in Toronto - and they
said that this air hose vibrates - hence the need for the bellows section. In addition the
material used to make the hose does start to perish over time and this may lead to
some brittleness and tears appearing. When that happens - it can lead to all sorts of
problems they claimed. The replacement hose costs just $50 Canadian.

Frequent Stall or Hesitation: Carburetted Engines. [Tip from James] My 1986 740
with B230K (carburetted) suffered from a constant stalling problem, needed to be
revved all the time. Following the dealer's advice, | installed a rebuilt carburettor which
did not solve the problem. | found that a relay had burnt out that controls the idle
solenoid/cut off valve/intank pump/ IAC. The relay is green and about 2 inches long by
about 1 inch deep and one could quite clearly see the burnt-out solder joints when it
was opened. | fitted a new one for £32.00 including the diagnosis and this solved the
problem.

No Start, Poor Fuel Economy: Timing Problems [Tip from Tom Francis] Poor fuel
economy and then a perplexing no start situation was the result of a broken indexing
pin (roll pin) in the end of the cam shaft used to keep the cam pulley and the cam shatft
in alignment. The broken pin allowed the cam to rotate out of alignment 30-40 deg
until the no start condition. Remains of the hardened steel pin in the cam can be
drilled out using solid carbide drills bits in successively larger sizes, but not large
enough to ream out the hole. High speed steel or carbide tipped drill bits may break off
in the hole. The roll pin is most likely a standard M5-80mm size (5mm dia hole, 80mm
long), available from a dealer for $0.90 or well supplied hardware store. [Editor] This
applies as well to the crank timing gear, which has a similar indexing pin, and is a very
good argument for using the correct torque procedures when reinstalling the cam or
crank bolts.

Stalls in Heavy Rain: Water Leak in Hood. [Tip] | finally figured out my stalling
problems after a heavy downpour (ie, Tropical Storm GASTON and FRANCES) My
940 once again stalled on me about 5 miles away from my house... This is the second
time in a row and it was after a heavy downpour, with water leaking onto the distributor
cap. After examining the hood weatherstripping, | found that the water was pouring
down through the windshield washer nozzle hole in the hood. Sealing this with silicone
caulk solved the problem.



Mixture, Misfire or Idle Control Problems

Runs Rich; Black Smoke; Poor Acceleration: ECT, TPS, Fl. [Inquiry:] | have a
1985 740t with 244,000 miles and a m47 manual transmission. It has the 230ft engine
that is all original including the non-liquid turbo without an overhaul. The car runs
rough throughout the rpm range and put out black smoke while doing so. Lots of black
smoke. Other times (less and less) it runs like a top, no problem. | replaced the fuel
pressure regulator but it did not help. | am getting about 43psi at idle. When it is
running in the bad mode the fuel pressure is still 43psi. When | drive the car | have to
accelerate either very easy or in wide open throttle to get the car to go. It is at its worst
just as boost comes on. Any Ideas? [Response 1:] Here's one idea, but it really
applies to the non-turbo engine -- so | could be a million miles off base on yours.......
The fuel mixture is influenced by the block temperature sensor (Engine Coolant
Temperature ECT see Diagnosing ECT Failures ). A cold engine requires more fuel,

and a warm engine needs less fuel. A cold sensor is a high electrical resistance. An
intermittent open condition of the sensor, the connections, or the wiring harness will
"trick" the FI ecu into thinking it's about -60 degrees. It will pump in tons of fuel. On
many of the engines -- and again, I'm not positive about yours -- there are two
sensors. The sensor for the dash gauge is in the head, about under the intake runner
for cylinder #2. The sensor for the FI system is in the head, about under the intake
runner for cylinder #3. Tough to get to.

| helped fix a situation (on a '90 740, non-turbo, Rex-Regina system -- yours is Bosch)
where the connector had pushed out of the plastic housing but made intermittent
contact with the spade connector in the sensor. Some days, it ran great. Other days it
flooded so bad it wouldn't always start. Fixing that stupid problem made a world of
difference!

[Response 2:] Also..... be sure the throttle switch (Throttle Position Sensor TPS) is
working and adjusted, and the AMM is operational.

[Response 3:] Very similar situation in my '86 745T drove me nearly crazy for about 2
months. It was a leaking fuel injector

Symptoms of ECT Failure:
[Tips from Isaac Babcock, who disconnected his ECT to find out]

. Difficult cold starting. Approximate crank time 4-5 seconds.

. Extremely difficult hot starting. Cranking 20 seconds may or may not yield a
running vehicle.

. Once started, car idles like absolute crap for 5 minutes while the engine burns



out all the excess fuel that the computer is blindly dumping in. May die
repeatedly during this time. Small amount of black smoke flows from tailpipe.

. During 5 minute crap idle time, car will not tolerate any accelerator input.
Depressing accelerator kills the car immediately.

. After the 5 minute extreme fuel enrichment exercise, the car lets out its last
puffs of black smoke and you can drive off.

. Idle once engine has 'stabilized' is a fairly steady extremely high idle. It will be
quite noticeably higher than normal (over 2,000 revs). | thought my computer
had fried the IAC motor circuit with it stuck full open. Turning the idle bypass
screw all the way closed can only bring the idle down to 1250rpm.

. Smell of unburned fuel floats around car at all times. Gas mileage is atrocious
under all conditions. | achieved 16-17mpg on my last tank.

. Power is fairly crappy, though not much worse than usual.

760T Floods and Stalls: ECT?. [Inquiry:] | have a 1986 volvo 760 turbo with 207,000
miles on it. | recently purchased and at the time it was running on three cylinders and
had sat for about six months. | replaced the flux amplifier and it ran on all cylinders.
The man who sold it to me also told me that he had an intermittent problem... It would
stall out occasionally. He was true to his word...If it is cold (running about 15 min. )
and you give it too much gas it starts to flood out. If you floor it while it is flooding out it
starts to catch on the other cylinders and eventually will go. If you stop the car while it
is flooding out it will either stall or run on 1 or 2 cylinders. One time | disconnected the
map sensor while it was flooding out and it started to idle normally. While driving
behind the Volvo it spits black smoke when it is flooding and sometimes even when it
isn't acting up a little bit of black smoke will come out of the exhaust. The problem
clears up if you drive about 30 miles on the highway at constant speed. After that you
can stop it idles pretty good.... misfires a tiny bit.... and you can take off like a bat out
of hell...also about a week ago | tried to start the car and it would only run on 1
cylinder, then not at all. | pulled the plugs and they were all fouled | put in new plugs
and it fired right up. | tested to make sure every cylinder was firing and they were...is it
my computer??

[Response: Don Foster] I'd consider looking at the temperature sensor or connections
to it. There are two sensors -- one for the temp gauge, one for the Fl ecu. The gauge
sensor is a one-wire device, the FI temp sensor is a two-wire device. The Fl temp
sensor is mounted in the head, under the intake manifold, approximately under runner
#3. It's not impossible to get to -- just almost. (The gauge sensor is under runner #2 --
ignore it.)

The sensor is an NTC thermistor -- that's "negative temperature coefficient”, or as the
temperature drops, the resistance rises. If the sensor fails or if you have a bad,
broken, or corroded connection at the sensor (or anywhere in the harness going to it)
the FI ecu measures high or infinite resistance. The ecu thinks it's about -100 degrees,



and sends tons more fuel to the engine. See Symptoms. And if it's an intermittent

problem, your engine can be running fine and then go into gas overload 5 seconds
later. And vice-versa. | helped fix a problem in a '90 non-turbo with terrible
intermittent flooding. We found one connector in the sensor plug had "loosened" so
when the plug was pushed onto the sensor, the connector got pushed back up the
plastic housing and sorta dangled freely -- one second it touched, the next it didn't. It
took hours to zero in on this tiny failing. See more at Diagnosing ECT Failures

Cold Start, Dies; Dirty or Faulty IAC. [Symptoms:] Cold Start: Car starts immediately
with no throttle application, idles smoothly for about one second, then hesitates and
dies. Ditto for my 1990 245DL. Starts up cold for one second, then dies. Sometimes,
all cranking | wish to do will not restart
it. If I sit and wait about 5 minutes, it will
start and run like a kitten, with no
problems. | have replaced all spark
plugs, s.p cables, rotor, cap. Ifitis a
computer problem, can I fix it?
[Suggestions:] Check the IAC (idle air
control- This provides for more air, or
faster idle on start up. The fact that it
starts readily when cold indicates the
cold start injector is working properly.
See hints below.

Idle Air Control (IAC) Valve

[Symptom:] Poor idle. [Diagnosis:]
Clean the dirty Idle Air Control Valve
(IAC). | should have remembered. The
car did not start at ALL. So, | took out,
removed the two hoses and cleaned it by spraying it with engine grease remover. It
had a lot of dirt in it. The Idle Air Control Valve is located under the intake manifold;
below the second cylinder. It is about 3 inches long and about 1.5 inches in diameter (I
do not have one next to me so these dimensions are from my memory.) It has two
rubber hoses connected to it through a "T" connection. It also has a snap-on electrical
plug. This is most likely your problem. Here is how I clean it:

o Remove all hoses and electrical connector, then remove the IAC

o Open the rotating valve to expose the innards. Spray some carburettor or
fuel injector cleaner into the opening and shake it around. Make sure you
plug the other end with your palm to trap the liquid inside the IAC.

o Open and close the flapper valve with a small screw driver to loosen any
dirt, etc. contained inside. Don't scratch the valve



o Turn the IAC upside down to empty out the dirt and fluid.

o Repeat step 3 through 5 about 8 times.

1 Test the IAC on the car without permanently installing it. You might have
to repositioned some hosing to accomplish this task.

If you still have problems, then either your IAC is dead and must be replaced or the
problem is somewhere else. [Editor's Note: See the IAC rebuilding procedure noted
below.] [lan Giles] By the way, when installing the IAC the arrow points in the direction
of airflow through the valve, so it points towards the intake manifold.

Poor/Surging Idle: Idle Speed Control Motor. [Tip from Anonymous Source]

| have a 1987 model 780 with about 115K miles. Just wanted to share my
experiences:

About 10% of the time my Idle would start to surge between 200 and 1200 rpm while
sitting at a light with the foot on the brake. This up and down action would load up the
engine with fuel and it would start emitting black smoke. It seemed to be somewhat
related to engine temperature. Occasionally it would get bad enough to kill the
engine, but at highway speeds it seemed to run fine. | first looked at the idle speed
motor, but it appeared to be functioning properly when the voltage was applied to the
terminals per the normal checks. | then performed the disassembly and cleaning of the
idle speed motor as described in this web site. Even though the inside of the motor
was reasonable clean, | went ahead and polished the commutator. | detected that the
bearings that the rotor turns on were a bit gummy so | cleaned it well and lubricated it
with a bit of graphite. Ever since this little operation it has been idling like a champ. |
suspect that small bits of commutator crud and wear on the brushes may have been
creating dead spots and poor response to idle demands form the processor.

Intermittent Stalling: Faulty IAC or Hall Sensor. [Symptom:] Intermittent stalling/no
start condition on an 86 740 (b230F) manual trans: occasionally dying (engine
suddenly has absolutely no power, but the dash lights do not come on) while driving
on the expressway and around town. After pulling over to the side, the car invariably
will restart and seem to run fine. No rough idle or other problems were noted.

[Fixes Attempted:] Several months back (per list advice), | replaced the fuel relay,
which up until the last week seems to have cured the problem. Over the last couple of
days, the car has started acting up again in the same manner. Now, the car also,
when it does restart, sputters and runs extremely poor for awhile, then goes back to
normal. Also, in the driveway, | was able to get the car to reliably stall when he put on
the brakes. | replaced the idle speed motor, which seems to have affected the brake-
induced stalling (plus the car idles much better), but not the intermittent stalling. He



also noticed a bare temp-sending wire, which he cleaned and re-taped (but we don't
suspect that has to do with this failure.) Per past list advice, I've suggested

o examining all vacuum lines

o rechecking fuel-pump relay and socket for cold-solder joint/overheating
socket

in-tank pump and screen

the power stage connectors for corrosion

radio suppression relay

general condition of wiring harness (the car lives in the very heavily
salted road conditions of northern Ohio)

O O O O

[Diagnostics and Suggested Fixes:] Below you'll find several procedures [Composite
from Steve McChesney and others]. Hope they will help.

Fix 1: Clean the Idle Air Control ("IAC") Valve. See above for procedure.

Fix 2: Rebuild Idle Air Control Valve: Save $150 by fixing IAC instead of
replacing it. (Note: the IAC on newer LH 2.4 cannot be dissassembled but it
can be cleaned.) Also note that Regina and Bosch IACs are NOT
interchangeable if you are considering a replacement.

Symptoms:

= No fast idle at start up.

« Grounding CIS (test point) does not have any effect on idle.
(grounding the test point should disable air control valve (IAC)

« OR: The idle (‘87 745ti) shoots up to about 2500 RPM. No
amount of cooling off, throttle blipping, or general search for
vacuum leaks would bring it down. | checked all the hoses, fuel
pressure, mass air sensor, and coolant temp sensor. Everything
was fine. And the car ran fine too, just a high idle.

This is a common problem on cars that use this Bosch system, including Volvos
and BMWs. It's especially bad on turbo cars, and cars that use crankcase air
for idle makeup because of the oil that comes along with the air.

Solution: clean the slip ring inside the IAC The IAC is a metal can beneath the
intake manifold, with two 1" hoses that feed extra intake air around the throttle
body to control idle RPM, and reacts to loads like A/C or heavy electrical
(alternator) loads. The "valve" has three pins, the center is a constant 12V
supply, and the outside pins are pulsed by the ECM to ground, to either open or
close a circular shutter -- looks something like a revolving door. (Except mind
would only open, and close halfway.)



Electrical Diagnostics:
Start the engine.
Disconnect quick connector at air control valve.

Test for battery voltage on the middle pin (it is pin number 2 "GREEN wire" if
you slide the rubber off), you should detect 12V or so (with engine running).

Turn off the engine.

Test for ohms on IAC between middle pin and any side ones, you should have
between 6 and 20 ohms in each case depending on the model. If you do have
this resistance, then it means that the motor of the IAC is good. If not, don't give

up yet.

Disconnect the hoses from the manifold and the intake hose, disconnect the 3-
pin electrical connector, loosen the top nut on the band clamp around the valve
body, then remove the valve. Off the car, look down the bore of the valve, and
then by supplying the center pin with 12V and shorting either of the outside pins
to ground, the "door" should fully open or fully close.

Disassembling and Cleaning the Valve

Clean the slip ring (the one wherein the brushes are touching) inside the IAC by
taking the IAC apart. [Editor's note: this is not possible on newer IACs with no
housing clips.)

Before you take it apart, mark the housing (a pen mark or screwdriver will do)
S0 you can assemble it in the same position. IT IS IMPORTANT!

With a small screwdriver pry up the clips or crimps which are holding the
housing (there are four of them). Once they are up, pry on the housing a bit and
the whole thing should come out. At this point, you will encounter a bit of
resistance because of the strong magnet inside, but there is nothing to worry
about, just keep going until everything comes out. Be careful not to lose the o-
ring or the small cone piece -- which will probably fall off the armature shaft and
be laying at the bottom of the barrel with the permanent magnets and the wiper
contacts. You MUST NOT try to push it in once you started separating the
housing (or you will destroy the brushes inside the valve). Once you open it, you



will understand why.

You will then see oil and crud all over the armature and the commutator. Clean
it up with brake cleaner and carefully flush away all crud especially from gaps in
commutator.

Clean the contact points with very fine emery cloth or a Scotchbrite pad and
polish them. Be careful; don't bend anything. Again, make sure you don't lose
the little cone piece. You'll need to get it out of the barrel for re-assembly - it will
come out easily but you have to use something non-metallic because of the
strong magnets around the housing.

When everything is spotless and oil free, put the cone on the end of the
armature shaft, so that it tapers away from the armature. The cone is important,
because it acts as a ramp when you replace the armature, gradually spreading
the wipers so they land on the commutator without bending them out of

contact. Also, a little silicone grease on the o-ring seal can't hurt. Once you
take it out, slide it over the shaft and keep it in the upward position (so it won't
fall off) while assembling it.

To re-assemble, put the tee upside-down on the workbench, with the cone in
place, and gradually feed the barrel down. It's a bit of a trick to keep it straight,
because the permanent magnets have a habit of sucking the armature from
side-to-side. It doesn't take much force. Once the armature is seated properly,
re-align the marks on the barrel and tee by simply twisting the tee relative to the
barrel. If you forget this step, the valve may likely not open or close fully. After
doing so, then you are done. Push back the clips (if you have clips, and don't
use a hammer)

Re-test the valve as above with test leads before the final crimping. Mine
worked fine now, fully open, fully closed. | then squeezed the crimp tabs back
into place with large channelock-type pliers, and double-checked the alignment
marks. Replace the valve, making sure the flow arrow on the tee points in the
proper direction. The arrow should point TO the intake, FROM the main throttle
inlet hose. Tighten the hose clamps, and viola! "New" IAC valve. The entire
procedure, including the pulling of the valve out and installing it back takes
about 30--45 minutes. Test the side pins for ohms and re-install the IAC. You
should now have a fast idle. Oh, make sure your PRM at idle is about 800 rpm.
PS: I drilled and put in a small screw to prevent housing from rotating.

[Another Tale of IAC Repair:] The following Idle Air Control Valve repair might be of
interest to fellow tightwads who experience a HIGH idle problem. | removed the bad



IAC. The valve was not frozen, but moved quite easily back and forth. That's when |
decided to open it up and look inside. Opening involved prying open several tabs
around the unit's waist. Out came the solenoid innards which looks like the armature
of a small motor with enamel wire winding around three arms. The cap removed from
the valve contains a magnetic lining along the wall and three brush contacts near the
top. The top of the armature where the brushes should contact was VERY greasy. |
cleaned that and the contact brushes inside the IAC cap. A multimeter confirmed that
there was continuity among all three arms of the armature: ohms1to2=21,
ohms2to3=21, ohmslto3=42. So apart from the grease, | could see no problems.
Therefore, | put the armature back in the IAC cap. This required some trial and error
because the armature keeps wanting to stick to the magnetic sides of the cap. Once
back together, | bent the holding tabs back in place (keeping pressure between the
two parts).

The first time | started the car after installing the cleaned IAC, the idle was still high.
However, | removed the IAC again, wiggled the valve back and forth a few times, and
reinstalled the IAC. | checked the resistances at the electrical connection pins and this
checked out. Maybe the contact brushes hadn't quite seated themselves yet. The
second start resulted in a nice idle control. In PARK, the car idled 600-700 RPM when
warm as opposed to about 1600 RPM when the IAC didn't work. I've been driving with
this cleaned IAC for several days now. The idle system is working fine. And | hope it
stays that way! Was all this trouble worth it? Well for a tightwad, I'd have to say yes
(since the IAC was successfully repaired).

[Fix 2: Check Hall Sensor] Below is the procedure to check Hall Sensor
(inside distributor) for B230F/FT ignition systems: EZ-117K, EZ-118K on
pre-89 cars.

Disconnect WHITE/RED AND BLUE leads from ignition coil (to prevent
arcing damage).

Undo the distributor connector

When the ignition is ON the Voltage between positive terminal (red lead -
Nr. 3) and ground should be approx. 11V. Voltage between (blue lead -
Nr.2; middle one) and ground should be 5V. Resistance between (black
lead - Nr. 1) and ground should be "0" Ohms-

Undo connector from the control unit (above the brake pedal) and remove
the sealing washers (plastic inserts on the side of the connector).
Replace connector without cover or sealing washers.

Disconnect white/red and blue leads from ignition coil.

Measure voltage between terminal 24 at rear of connector (blue lead) and
ground. NOTE: Connector must be attached to control unit.

Switch on ignition. Turn crankshaft by hand. Voltage should indicate



OVER 1.8V each time a vane passes Hall generator. Instrument should
read approx. "0" (0 - 0.7V) each time an opening passes Hall generator.
Correct voltage: Less then 0.7V or more than 1.8V.

Slight Hesitation on Acceleration; Several Diagnostic Checks. [Symptom:] Slight
hesitation on acceleration.

[Diagnosis 1:] Check the health of the knock sensor. It is an inexpensive part
that "listens"” to the engine, senses knock and automatically retards the timing.
They get full of crud etc. and give false information. Incorrectly retarded timing
will give you a noticeable hesitation.

[Diagnosis 2:] A "slightly" faulty AMM, i.e. during low air mass conditions, can
output a too low "air mass" signal to the ECU causing a too narrow (lean) basic
injector ON pulse width. Carefully check the AMM's wiring harness plug. Slight
misalignment of the female contacts can cause ECU input problems.

[Diagnosis 3:] Clean throttle body.

[Diagnosis 4:] Is your temperature gauge correct? Is the engine heating up
properly? | had the exact same problem and it was finally "cured" several weeks
ago after the dealer replaced the thermostat that controls the temperature
gauge. Now the engine is a lot more smoother and the car has regained some
of it's power!

[Diagnosis 5:] The fuel pressure regulator is worth a careful inspection. The fuel
pressure must rise instantly in response to the vacuum signal fall that
accompanies a throttle opening. A hardened diaphragm might be causing the
fuel pressure that has been lessened by the fuel pressure regulator to not
increase as rapidly as it must and you won't get the appropriate fuel quantity in
spite of lengthened injector duration. Try an acceleration test with the vacuum
hose pulled off fuel pressure regulator. Easiest way to check the FPR is to pull
the vacuum hose off of it while the engine is idling. If the idle picks up, your FPR
IS good.

Hesitation; Poor Driveability: Bad Air Mass Meter Symptoms.
"Limp-Home" Mode:
[Would someone give me give me a description of what a bad AMM feels like?] My



single experience with a bad AMM was that the engine would barely run at all and was
not driveable. | think it reverts to "limp home
mode" if you pull the connector off. But | still
think you should clean the throttle body. Since |Air Mass Meter
the purpose of an AMM is to regulate air flow
to the throttle body, it usually sits right on top
of the air cleaner or close by and there is
some sort of connector on it. Remove the connector and see how your engine runs. It
should run like crap, i.e. no power, idle fluctuates wildly, or engine stalls. If this is
similar to the problems you're experiencing now, chances are that the AMM is bad.
Another thing to check is that there aren't any air leaks between your AMM and the
throttle body. [More Symptoms] When | depress the gas, the car hesitates severely,
backfires a few times and if | keep pressing the gas, will stall. If | back off the gas | can
usually accelerate very slowly and once | get up to speed it is ok. When this is
happening the idle goes up to 1300 instead of the normal 750. | get codes 1-2-1
(Faulty signal to/from Air Mass Meter), 3-2-2 (Air Mass Meter wire burn-off signal
absent or faulty) and 2-3-1 (Fuel trim (lambda control) too lean or too rich at part load).
Pulling fuse 1 for fifteen minutes to reset the ECU would solve the problem
temporarily. The solution was to replace the AMM.

Connector Problems:

More than one inexperienced technician has failed to cure an intermittent driveability
problem by replacing the mass airflow sensor. Even if your pinpoint tests suggest a
failing sensor, always inspect the sensor's harness connector for loose terminals first.
Be sure all the terminals are locked securely inside the connector before you condemn
the mass airflow sensor. Some routinely remove a harness connector and then
reinstall it to see if "reseating" the connector solves the car's problem. But reseating
the connector on this Bosch airflow sensor may complicate diagnosis by pushing the
loose terminal outward. So, your quick-fix trick actually makes the car run worse than
before! Also, try cleaning and de-oxidizing the connector before reinstalling it.

Disintegrating Air Box Foam:

[Tip from Chris de Courcy-Bower] Check the air mass detector. This can be defeated
or even damaged by bits of disintegrating foam rubber that break away from the upper
casing of the air filter box. As the foam rubber seems to serve no purpose, it is my
recommendation that owners remove every trace of it before it causes a failure.

Backfire, Poor Acceleration: Failing Radio Suppression Relay.[Tom Rolyak] I've
had two radio suppression relay failures. Both times Both times | noticed abnormal
backfiring when decelerating. Much more pronounced than when a throttle switch




sometimes sticks. Also the idle speed would drop down to about 500 rpm's and then
return to normal. It also seemed a little balky on acceleration. | swapped the relay and
the problem was solved. | pulled the old relay apart and using a microscope could see
cracks in the solder.

Hot/Cold Air Box Thermostat and AMM Failure. Unless you live in a very cold
climate | don't recommend replacing the cold/hot intake air valve and plumbing. The
valve has a tendency to fail in the hot air position thus supplying your intake system
with pre heated air and having a tendency to fry your air mass meter. In addition, it
can cause mid-range knocking if it fails. Check out the Turbobricks net page (http://
www.turbobricks.org/). There are instructions there on doing an "air box mod" that
recommends and explains how to do away with the hot/cold air valve and plumbing
and redirect the incoming air to the air box. You can, though, just change just the
thermostat itself. While Volvo will only sell you the complete air duct w/ thermostat,
you can buy an aftermarket thermostat for any 740/940 from fcpgroton and install it

yourself.

Operation of a functioning thermostat: The air flap is closed at +5C (41F), +10C (50F)
half open, +15C (59F) only cold air.
[Editor's Note: See Air Box Thermostat Change for more information about changing

the thermostat in 7xx/9xx cars.

Misfire and Broken Distributor Wires. [Symptoms: Misfire is very pronounced under
heavy throttle -- think of a mechanical bull -- which leads me to suspect something in
boost control. But the tach also shows about 150 RPM variation at idle, which hints
that the misfire exists under no load conditions.] | had this happen to my 85 as well. It
turned out to be the connector for the distributor wires under the dist. cap. had broken,
and the wire insulation had disintegrated. The wires were grounding out on the
distributor housing. For a while it would run fine, then it would miss like you say. | went
around the barn on this and spent significant time on things that made minimal
difference. | don't know if | broke the connector off or not, but the wires had fallen to
the insulation eaters that befall Volvos of that era. | ended up putting in a new
distributor because it was convenient and the car had completely died. | did find out
that a new hall effect pickup can be installed by drilling out the rivets on the old one
and screwing on a new one. To check, put your hand under the bottom of the
distributor and see if there is significant wiggle in the connector there. The cap should
hold it tight, but on mine, once | was told where to look, it was obvious what the
problem was.


http://www.turbobricks.org/
http://www.turbobricks.org/

Failing Distributor Shaft. [Andrew Smith] After noticing misfire and stumbling in my
110k 760, I discovered my distributor had mechanically failed: the shaft was worn and
allowed the rotor to wobble and miss contacts. A new distributor solved the problem.

Misfire Under Load: Ignition Power Stage. [Dick Riess] 1987
B230F has had a miss or hesitation under load for ages and |
have replaced or traded just about every possible item. This has
been one of the most tough to diagnose problems | have
encountered. Purchased a new power stage and plugged it in
(aftermarket) and this seems to have cured the problem. [Tip from
Matt] In my 740, this was accompanied by idle problems, misfiring, and a fluctuating
tachometer needle. Solved with a new power stage unit.

Stumble, Stall, Poor MPG: Bad Engine Ground Connection. [Tip from David
Hungerford] What appeared as fuel supply symptoms were not relieved by replacing
the filter, FPR, or both pumps (or by checking lines with vacuum pump/gauge). The
problem turned out to be a (very) loose FI ground connection. When reaching around
blindly to loosen the distributor mounting bolts (checking Hall's sensor connections),
my eyes happened to be looking at the intake when my arm brushed the ground strap
running from the intake to the firewall--the wires moved at the fuel rail mounting bolt,
which also serves as the main round connection for the injectors. It was loose enough
that the wires bounced around with engine vibrations. | just tightened it and all
stumbling/stalling/AND poor mpg went away. The main lesson here is to NOT skip
over the first instruction in all troubleshooting guides: First, check all connections for
tightness and evidence of corrosion. See also the section on maintaining engine and

chassis grounds.

Symptoms Related to Engine Sensors or ECU:

Engine Failure/No Start/Severe Stumbling: Bad ECU See the FAQ file for much
more information.

Common symptoms of a failing LH injection computer:



. Engine will not run at idle

. Air-fuel mixture is too rich (this can damage catalytic converters)
No fuel pump operation, but the fuel pump operates when its relay is jumpered
between pins 30 and 87/2

. The engine will not rev higher than 3000 RPM
Engine will not start, spark plugs are dry and the ignition system produces spark.

Intermittent stalling in 89 760T. The owner of the shop hinted that "late 80s and early
90s 760s have had problems with their computer chips" Has anyone heard of this?]
[Response 1:] Yes, very much so...LH 2.4 modules from 1989-1991, maybe 1992 too,
have been very troublesome. However, as far as | know, 1989 Turbos still used LH2.2
modules, so I'm not sure that this applies to your car. Also, often when the modules
fail, they fail rather radically, such as the car running very rich, or a no-start or cases
like that. [Response 2:] | experienced almost identical symptoms for several years.
They went away when the ECU on my 760 Turbo had to be replaced because the AC
enrichment circuit went south.

Marginal Operation. When mine died it got stuck in diagnostic mode 3, pulsing the
Injectors every second, which was enough fuel to start the car but not much more.
Other cases I've heard of has the adaptive rich code getting set permanently. [Yet
Another Opinion:] As a general rule, ECU's don't go half bad, and don't work
intermittently: they work fine or they don't work at all. It is wires and connectors that
have "off days". [JKordzi]The 561 ECUs have had very high failure rates. Used 951
ECUs (the replacement model) are pretty reasonable now and may be had on EBay or
in wreckers' yards for US$50 or so. [Editor] In my case, my 556 ECU vintage 1990
failed in such a way that the car would idle, but any application of throttle to raise rpms
above about 1,000 would suddenly cause total injector failure: they would just stop
pulsing until the rpms dropped. Changing the ECU solved it.

Hesitation, Poor Idle: ECU Failure with Codes 2-3-1; 2-3-2. [Tip from Al Nettleton]
Symptoms:

Error codes 2-3-2 & 2-3-1 (Mixture too lean or rich)

02 sensor replaced with no success

If the error codes were read & cleared, they come back almost immediately

If the ECU is unplugged (or the battery disconnected), the codes clear but come
back after about 150 miles. For the first 50, or so, of these, idle is rough, next 50
- hesitation from a standing stop, the last 50 - runs well. BUT . ..

5. Running lean.

BN



Successful repair required replacing the air mass meter (AMM), intake bellows
between AMM and throttle body, and ECU. Parts swapping confirmed the need for all
three. One important finding - the air bellows can leak at the end connections, even
though there are no cracks or holes in the bellows and the clamps are tight.
Apparently they get to be so inflexible that a good seal is not possible. We should
now be ready for another 100K.

Loss of Power; Rough Running; Knocking: Bad Engine Knock Sensor. A failed
knock sensor may be felt as a general weakness throughout the powerband and a
different tone to the motor. When no knock sensor signal is detected the EZK ignition
system defaults to full spark retard. This can also result in the motor running a little on
the rich side, as a kind of side-effect (More ignition advance usually = leaner burn,
more NOx emissions; less advance usually = richer burn, more HC and CO
emissions.) See Engine Sensors for more information.

Symptoms. Higher idle, no power; running rough at RPM higher than idle. It jerks
every few seconds and there is no pattern to it. It idles and starts fine. [Rafael Riverol]
Other symptoms include hesitation, poor throttle response, lack of acceleration,
especially when cold. [Marc] The car starts fine and will run for 2 miles and then lose
power. It never stalls just won't move. If | shut it off and immediately restart it, it will run
fine again for another 2 miles and so on and so on. When it runs fine, with a timing
light hooked up on acceleration the timing will retard 1 or 2 degrees before it
advances. If | check it when the problem is occuring it will retard 6 or 8 degrees before
it tries to advance. Solution: new knock sensor.

Diagnosis. Check the knock sensor, it senses knock (no kidding) and retards the
timing. When this gets faulty, it will make the engine have very poor power, lousy and
jerky acceleration, but will start and idle fine. It's a small black plastic covered unit
bolted to the block (ten mil. bolt) under the intake man. with a plug attached to it. One
minute to remove. It "listens" to the engine. Mine had a cracked plastic cover and was
covered in oil. | put a used one in (new they're ~$40) and it's like | suddenly had a new
car.

Mid-Range Engine Knock. Anecdotal evidence notes that if you experience mid-range
engine knock when the engine is warm, inspect the airbox thermostat for proper
operation. If it sticks in the "warm" position, it allows preheated air into the intake
system. This will also, over time, ruin your air mass meter.




Retarded Timing or Knock Sensor Code: Wiring Interference. [Tip from Charles
Dinges] If you have unexplained timing retardation (poor acceleration) or an
unexplained knock sensor error code, try re-routing the knock sensor feed wiring away
from the alternator. Anecdotal reports of electromagnetic interference seem to
implicate the alternator in this problem.

Rough Running; Cylinder Diagnosis [Inquiry: 1992 740/ B230F] The car is hard to
start and when it does, it idles badly (everything shakes like it's running on 3
cylinders). Once the engine warms up, it runs smoothly and the problem disappears.
[Response: Chris Mullet] When it's running rough try to identify a particular cylinder
that might be the problem by pulling spark plug wires one at a time until you find one
that has little negative effect when removed. If you find a bad cylinder, make certain
the intake manifold is properly torqued. While it's running rough, squirt something like
light oil around the intake gasket in the area of the bad cylinder. If it smooths the idle
temporarily, you found the problem. If not, try swapping injectors between two
cylinders and see if the problem follows it. If not, try swapping injector wires. (You
could do this on the older models, as injector timing wasn't particularly critical, so |
assume you can do it on the newer ones.)

Hunting Idle; Faulty TPS or ECT. [Symptom:] In the last 2-3 weeks the engine idle
speed can vary wildly or act normally. Specifically, sometimes upon first start the
RPM's will hold at close to 2000. Then upon warming (3-5 min) the idle speed will
swing instantaneously from near die out to about 1600 RPM's. This wild swing occurs
only when in park or neutral and never shuts completely down. The RPM's will
stabilize when in gear (auto trans) and holds at about 1000 RPM's and will hold at
about 1600 RPM's when taken out of gear. The symptom is intermittent. When the
engine is acting normal the idle in park is about 1000 RPM and in gear about 750
RPM. | cleaned the throttle body (for the third time since owning the car) about a week
before the first time the unusual symptoms occurred. | have disconnected the AMM
wiring during an episode and the engine speed changed but | still am not sure if |
know what to look for there.

[Diagnosis:] What you describe could be the FI computer trying to limit the rpms at idle
so it doesn't over rev. The control loop is rather crude and is there only to save the
engine from self destroying. Something is telling the computer to rev up and it does
and then cuts off things at 2000 rpm. The most obvious guess would be that the
throttle position sensor (TPS) is mis-adjusted or broken. Make sure that it "clicks" just
before the throttle plate closes. Also, you may want to check that the Fl-unit actually
sees this "click" by looking at pin 2 of the FI unit. It should be 0 Volts at idle and



battery voltage when the gas pedal is depressed a bit. You say you cleaned the
throttle body BEFORE the symptoms started appearing, so perhaps there's a chance
you accidentally didn't adjust the TPS position properly?

The other thing to check is the engine coolant temp sensor (ECT). Look at pin 13 of
the FI unit. When the engine is warm you should see 350mV. See Diagnosing ECT
Failures for more information. In addition, since you've disconnected the mass airflow
sensor (MAF), the computer may have gone into limp-home mode permanently which
will cloud the diagnostics, so you should really check and reset any error codes stored
in the system before you do anything else. However, unless the Check Engine light
has come on the MAF disconnect didn't trigger any code setting.

High Idle at Startup: TPS Failure. Symptom: the idle surges immediately to 2000-
2500 rpm after a cold start, then gradually declines to 950-1000 rpm as the engine
warms up. The idle rate seems dependent on temperature: lower temperatures cause
a higher idle. Diagnosis: TPS failure The TPS internal microswitch does not sense the
idle condition, even though a "click" might be heard at the switch. As a result, the
ECU does not control idle through the IAC valve and idle is too high. See Throttle

Position Switch for information on diagnosis, adjustment or replacement.

Idle Surge, High Idle, Poor Idle: Vacuum Leak [Inquiry:] Idle surges at times
between 1200-1600 RPM when car not under load. Idle Control Motor? Other?
[Response: WBain] You have a vacuum leak. Check all lines especially at the throttle

body. Also if it's a turbo, look for a bad intake manifold gasket.

Intake Manifold Gasket Leak. Mine has had a very rough idle. | checked the FAQ and
cleaned the throttle body and checked for leaks in the hoses. | was finally able to
isolate a leak in the intake manifold gasket. The propane test didn't find the leak. The
only way | was able to isolate the leak was with the mechanic's stethoscope with the
probe removed and only using the tubing to get very close to the gasket and follow the
contour of the manifold. Replaced the gasket (approx. 2 hours) and the car runs fine.
[Tip from Gary Goms] Vacuum leaks can be easily diagnosed by several methods. |
believe the safest and easiest method is to use a modified mechanical stethoscope to
listen for vacuum leaks throughout the system. To modify the stethoscope for locating
vacuum leaks, replace the probe with a length of plastic hose or fuel line. Alternate
methods include listening for a change in engine speed while spraying propane or
aerosol carb cleaner around manifold and vacuum connections. The various brands of
"smoke" machines are also very handy diagnostic aids to use when attempting to
locate vacuum leaks at the manifold-to-cylinder head gasket, throttle body shatft,
throttle body-to-manifold gasket and vacuum hoses.




Slight Backfiring While Coasting; TPS Mis-adjusted. [Inquiry:] The caris a 945T
and, after fully warmed up 30-45 minutes on the highway), makes a "pupp pupp pupp"
sound when on the highway and backing off the accelerator. The sound seems to be
emanating inside a "tin can" and is not loud at all. If | had to guess, | would say that
unburned fuel/air mixture is getting into the exhaust system. [Response: Abe
Crombie] The injectors should go off on coast. This is controlled by the fuel control unit
being able to see closed throttle via the throttle switch. If that isn't adjusted properly or
has a faulty internal switch then the injectors may not be off on coast and you may
very well be hearing a weak backfire in exhaust. See Throttle Position Switch.

[Dave Stevens] My 740 had a hunting and lurching symptom when coasting at low
throttle. The remedy: Check that the throttle cable has not stretched - if it has, the
throttle microswitch will be opening the fuel solenoid too late and the engine will be
starved at low revs, but will recover fine when accelerating or running on an open
throttle. All that is required is to adjust the microswitch setting by the two screws that
fix it in place. With the throttle closed and the engine switched off, reposition the
switch slightly so that it clicks as soon as the throttle cable moves. Make sure you
don't move it so much that it doesn't click off again when the throttle is released, or the
engine may overrun when the ignition is switched off.

Symptoms Related to Electrical Malfunctions:

Sudden Cut-Out While Driving; Electrical Causes.[Symptom:] On occasion, it will
just completely cut out on me going down the road. No sputtering, just "dead". Usually
it starts back up on its own recognizance as | coast for 50 yards or so. Sometimes it
does not, but if | pull off and let it cool down for 5 minutes, it starts right back up, and
does not cut out again for a couple weeks or so.

[Opinions:]

Since this car has an EFI system, LH-Jetronic | suppose, you could be getting
an intermittent electrical fault in that system that'd cause similar symptoms... or |
might be totally wrong. First thing, I'd install a tach. If the tach drops to zero as
the engine cuts out, then it IS the ignition. But I'd clean all the EFI grounds, the
underhood fuse and fuel pump fuses, fuel pump connections, and such before
proceeding.

| would check the electrical connections to the fuel pump. Especially the
grounding, maybe it is not so much getting too hot that causes the engine to
quit, but an intermittent ground. Once you pull over, the broken wire or whatever



falls back into place. | once broke the ground wire to my alternator and that
caused the engine to quit, though it did sputter a little. The wire was broken in
the middle and once | pulled over and the car was still, | had good ground, but
once moving, it would make intermittent contact

Have you checked the fuel pump relay? Similar symptom to yours and seems to
be a fairly common problem among Bricksters. A bad/weak coil in my
experience shows up as consistent poor performance under high spark load
conditions, such as starting and large throttle openings at low RPMs. | check
the coil by removing the coil wire at the distributor and firmly locating (not
holding unless with insulated pliers) the the wire's tip about 3/8 inch from a
block or frame ground point. The spark should be a "thick" blueish white and
easily jump the 3/8" air gap with the engine being cranked by the starter. A
weak spark tends to be "thin" pinkish and sensitive to proximity to ground. The
normal arcing voltage (engine running) is in the 12-15 KV range for my '82 B21F
LH1.

| have had the similar problem on a 84 GL and found that the ignition pick-up
coil in the distributor was faulty. When the pick-up got warm the resistance in
the wire showed an open circuit and when it cooled off it was normal again. |
replaced the pick-up and problem was solved.

| had such a condition on an '83 245 twice once it turned out to be fraying wiring
harness right between the rear of the engine and the firewall and once it turned
out to be the computer on the inside of the right front fender.

See the FAQ section on Grounds for information about engine and chassis
ground maintenance.

Engine Cuts Out at Speed: Ignition Power Stage Failure. [Inquiry:] My 1990 740
GL Wagon (186,000 miles) stalls intermittently with the tachometer immediately
dropping to zero. It does it while cruising on the highway or while idling. I'm able to
restart it sometimes with the clutch if I'm moving along, otherwise with the key after |
get to the side of the road. If it sits for a few minutes that seems to help in restarting. It
appears that all other electrical components are not affected when this happens (radio
works, blower, flashers, etc.). It now happens almost daily, but started months ago
happening 1-2 times a month, then 1-2 times a week, etc. It's getting worse. My
mechanic has replaced some likely components: FP relay (behind fuse box), radio
relay (on the coolant reservoir) and crank sensor (with the white band - | had replaced
this at 90K as well). | also had a cracked distributor cap that was replaced. Plug wires
are in good shape. [Another similar case:] My symptoms were, the tach dropping to
zero and then the engine would bump start at speed and at a stop the car would
shudder and then die unless the motor is revved up at a stop to bump start the car.



[Response: Lincoln] | would check your power stage, it amplifies the signal from the
computer to the coil. | had the same thing happen to me two months ago. | think
another person had it happen to them too. | think | paid $90 for the part and $100 for
them to find the problem. The part is located to the right of the battery on the fender.
[Response 2: Fred Guest] In our case it is caused by a bad connection at a plug
connecting the power stage mounted on the left inner fender. We unplug the
connector, clean the spade terminals with emery cloth and squeeze the female
connectors with needlenose pliers if we have them with us, then put it back together
and it is fine for a while. [Editor's Note: use electronic connection de-oxidizer instead]
| believe the round things on the fender have something to do with the fuel injection.
Since your tach goes to zero | expect you have a similar corroded connector problem -
but probably in the ignition system rather than in the fuel injection.

Note: faulty engine and chassis grounds can play havoc with the electrical system and
cause component failure. See the FAQ section for more information about diagnosing,

curing and preventing ground troubles.

Poor Power; Poor Engine Response. [Symptoms] Symptoms: no power under 3K
RPM; poor power after 3K RPM; no engine response, very slow response; will not
brake-boost past 2 psi; idle fluctuation between 750-1200RPM; rough idle; engine
makes loud "bog" noise from intake when throttle is opened and takes several
seconds to respond, even in neutral. Does not seem to get terrible gas mileage, but
could be better. Does not smoke white, blue or black. Spark plugs are white on the
electrode and have black carbon around the face [Duane Hoberg] Based upon an age-
old experiences, it appears that your ignition timing is off (late)and is not responding
properly contrary to what the base timing light indicates. The plugs with white center
indicate a lean fire condition, the black ring indicates a rich, incomplete burn cycle. ie,
fuel being burned late in the power stroke or after the exhaust valve is open. Late
ignition timing. The ECU via the O2 sensors is leaning the mixture out after they enter
the cycle because of the excess oxygen from the interupted incomplete burn after the
exhaust valve opens. Causes: Ignition wires not in the proper sequence. Certain
engines will run but with little power if two ignition wires are swapped. Has the flywheel
been removed and replaced lately? Flywheel off by one bolt or backwards would
cause a lot of problems. If the flywheel and everything else is on the money, the
ignition portion of the ECU is at fault. Verification via diagnoses step by step with a
Volvo Service Manual would be well worth the 20 or so dollars for the manual.

Intermittent Ignition Shutoff: Fl Relay or Ignition Switch. [Inquiry:] | have had my
Volvo 760GLE for over a year. Currently it has 214K miles. Lately it has been cutting



off (the ignition) while driving. It happens only when the car is warm, say 10-15
minutes after driving. It first started while driving on the highways. Without any prior
signal it would abruptly shut of f. (indicated by all the dash lights coming on) once or
twice it start back up on its own a second or two while still cruising and | would drive
as usual. Sometimes | would coast it down to the side of the highway, try starting a
few times, wait, try again, and it would start again. By the way it shuts off, it seems
very unlikely that it is a fuel system problem (does not sputter or hesitate, just shuts off
abruptly) Looks more like an ignition problem: could it be the ignition module, coil or
simply a poor ground ? [Response 1:] Try removing the fuel injection relay and
replacing. Your symptoms sound very much like a failing FI relay. Many of them fail
through solder fatigue on the back of the board inside, and you can try to R&R the unit
by resoldering where you see cracks or dull solder. FYI, the Fl relay is above the fuse
board under the cigarette lighter. Take off the pop-on cigarette lighter cover, remove
the two screws holding the storage box and pull the box out. You then have full
access to the relays. The rectangular white one in the middle row, driver's side, is the
Fl relay. (Green relay on some 940SE and 960 cars.) | carry a spare relay around in
the back of my 1990 740 in case of failure on a long trip. They seem to last around
eight to ten years. [Response 2:] In addition to the fuel relay mentioned the ignition
switch can do that to you and it is certainly a candidate to be failed at 214K miles. |
would replace it and see, if it's not that then it won't be wasted effort as it will fail soon
If it has not already. The switch can somewhat be checked by twisting ignition key a
few degrees either way the next time it does its shutdown number on you.

Unexplained Driveability Problems with ECU Error Codes; Oxidized Connectors.
The recent steamcleaning problems with a 240 and connector problems with another
240 bring to mind a recent Volvo Tech Service Bulletin from March, 1993 which
describes a procedure for cleaning, de-oxidizing and protecting engine electrical
connectors to eliminate driveability problems when unexplained error codes appear at
the ECU. Apparently, they started using protective grease at the factory in 940 chassis
numbers 128400 and 945: 079100; before this, the connectors are unprotected. No
7xx cars have grease applied at the factory. It helps to have a Volvo wiring diagram at
hand to locate all of the appropriate connectors, each of which has to be
disconnected, cleaned and greased. Be careful in removing connectors, since the
plastic connector and the wiring insulation can harden and become brittle over time.
You use a cleaning/deoxidizing spray such as "DeOxIt" from Caig Labs or
Chemtronics Tuner Renu (available at electronic stores) and a low-temperature
silicone dielectric (non-conductive) grease for electrical connectors, available at auto
stores. Don't use "OxGuard", which is conductive. You turn off the ignition and
disconnect, clean and grease the following connectors leading to the sensors noted:

RPM sensor at back firewall near brake booster
MAF sensor at the AMM



Power stage at fender

Knock sensor beneath intake manifold
ECT sensor near flame trap

Throttle position switch on throttle body
EGR temperature sensor (California cars)
IAC valve beneath throttle body

The deoxidizing spray is applied to both connector halves, then you squeeze the
grease in and around the connector (but don't fill the protective boot), then reconnect.
After everything is back together, you turn on the ignition and start the engine. They
note that this procedure is supposed to be used for driveability problems or if oxidation
is noticed, but | can imagine that it would be good practice as a PM technique on
higher mileage engines on older 240/7xx cars. If you go to this trouble, then you might
also follow the advice on maintaining engine and chassis ground connections, which

also corrode and lose connectivity.

CAUTIONS: DON'Tdo this to the oxygen sensor connector which operates at millivolt
levels. DO NOT do this to any SRS/Airbag/Seatbelt connectors: these are all gold-
plated and do not oxidize. If they get dirty from spilled drinks, etc., just clean them with
a no-residue cleaner.

Unexplained Driveability Problems: Rotten Battery Cables. [Editor:] If your car is
not idling correctly or shows strange error codes, including ABS warnings, see the 960

and Circuits sections on rotten battery cable connectors. These corrode away and

reduce voltage to the car electrical system, causing ECU and control problems,
including possible problems with engine sensors.

Unexplained Driveability Problems: Bad Voltage Regulator. [Tip from Zach
Gurley] Bad voltage regulator symptoms on a 740:

. pulsating lights (not necessarily rpm-sensitive)

. the car lunges and jerks, especially when in gear and coasting (similar to the
feeling of disengaging the clutch too quickly)

. intermittent engine spit and sputter at a specific rpm in any gear including
neutral (mine was at 1900 rpms)

It took me a while to figure this one out. Of course | figured the voltage regulator might
need to be replaced because of the pulsing lights, but no one thought the problems
were related to the violent sputtering | was getting. Apparently, the regulator was



having difficulty coping with the additional power produced from a faster moving
alternator, which was in turn messing up the ECU. The brushes were in good shape,
but the regulator was an aftermarket brand, so it could be an isolated problem.

Car Runs but Won't Re-Start; Bad RPM Sensor. | recently posted a starting
problem with a 1991 240, where it would start fine when it was cold and would start
fine hot if restarted immediately after cutting off the engine. However, if it were left for
10 minutes or more after cutting it off hot, the starter motor would just turn and turn
until it finally started - sometimes it did not and the battery just ran down. As it turns
out, it was the RPM sensor, which is also a crankshaft position sensor. The heat soak
after turning off the engine made the sensor open circuit most of the time - during
starting, apparently, the computer did not pick up enough crankshatft position
information to start the car. However, since the car ran fine if it did start, the sensor
must have been intermittently putting out a signal, enough to update the computer in
order to correctly operate the fuel injection and ignition systems after starting. After
replacing the sensor, | have had no further problems with starting. [Chris Herbst] If the

car stalls while turning corners,check that the rpm sensor wire isn't split open and
grounding on the rear of the engine somewhere when you turn corners or slow down.

Car Stalls When Brakes Applied: Vacuum Leak or FI Relay. [Inquiry:] | am having
a problem stalling under hard braking. | have had it checked for vacuum leaks and
they appear OK. It only happens when the car is warm and | apply the brakes hard.
[Response 1:] | would look in the direction of the power brake booster. Right after you
brake, you fill up the booster with air, which has to be evacuated by the engine. If
your idle is somewhat shaky, throttle plate is out of adjustment or you have a lazy idle
air motor the idle can drop enough to stall it. The check valve in hose from intake
manifold to booster has an arrow on it indicating the direction of installation Take it
out of the line and suck on it to see it opens and shuts correctly. [Response 2:] Check
the solder joints on the fuel pump relay. Cracked joints will sometimes cause a warm
relay to drop out when the engine speed drops and the alternator slows and the
system voltage drops.

Car Stalls at RPM: FI Relay or Hall Sensor. [Inquiry:] Caris 1986 740T with B230
engine and A/T. Occasionally, while accelerating, RPM at approx. 2500 the engine will
start to hesitate, choke, and die. | pull over to the side of the road where it will restart
on first attempt. | take off and all is well for days and weeks. | thought that once the
engine shuts off, and the car still moving from inertia | could move the shifter into
Neutral, and restart the engine. Starter will Not even engage. However, with the car
stopped, it will start in Neutral. Why is this ? Fuel pump relay is about a year old. Other
than this, car runs and idles fine. [Response 1: Fl relay] It sounds like the fuel pump



relay is cutting out. Behind the ashtray is the fuse box and relay panel. About the
ashtray should be the lighter and a storage bin. Pull the lighter out and remove the
square piece of trim , there are two screws , remove them and the whole box should
come out. The fuel pump relay should be the relay located directly below the big red
round one. It is rectangular and white (green in some 940SE and 960 cars.) The
current p/n is 3523608 . The relay should have six terminals on it. [Response 2: Hall
sensor] The easiest way | know of checking the distributor is to remove it with the plug
for the pickup still attached. Turn the key to the run position, and spin the dist. If the
injectors start clicking the pickup is good. If the pickup is bad , good news bad news.
The good news is there is a replacement pickup p/n 1346792 ( the black plastic plug is
also available it doesn't come with the pickup p/n1346793) The bad news , the pickup
IS riveted to the distributor body, and you run maybe a 50/50 percent chance of
breaking the housing. A rebuilt distributor is available from Volvo it comes with a new
cap and rotor, but more importantly a new shaft seal in the housing that is not
available as a spare part (dist p/n 8111214) Either way get new o-rings for the dist. p/
n 969330 & 969331.

Rich-Running Problems:

Rich Running Problems: General Diagnostic Notes. [Tips from Duane Hoberg] For
the LH system injectors to function properly, three items are sampled at all times and
are used to determine the injector pulse time based upon the fuel pressure at a
specific pressure. Those items are critical to a normal running engine.

Causes of Running Rich Problems in LH Systems.

. High fuel pressure. Check fuel pressure. If the fuel pressure is out of spec the
engine runs rich or lean until the O2 sensor compensates if the range is not that
far out of spec. This shows up as a cold running and start problem that may go
away when hot with an adverse effect on gas mileage.

. Check injectors to make sure they are closing. If your crankcase oil is full of
gasoline, you probably have an injector that is failing to close.

. Fuel check valve on front of fuel pump. If stuck part way, it restricts the flow
which causes a lean condition. Mechanics may have compensated by adjusting
the AMM. This "cured" the hot running condition but did nothing for the cold
start. As the valve restricts or opens further, the car runs like crap. If suddenly
opens full, the car will run rich. Associated symptom is it takes a long time to
start first off in the morning. Normal time should be no more than 3 seconds.
Anything longer and there is a problem. If you test fuel pressure at the rail and



residual or resting pressure is zero, the check valve has failed.

. Temp sensor for the ECU is bad or out of specification or its ground is faulty.
From cold to hot the engine needs different amounts of fuel to run efficiently.
The sensor that determines this info needs to be consistent across its range. If
at various points it is out of spec, open or full closed the engine computer
responds appropriately and adjusts the pulse rate which will lean out or flood
the engine. Measurement is remove sensor, cool it in freezer, attach ohmmeter,
place in cold water on stove and heat to boiling while watching meter, needle
movement must be smooth over entire range. Final test is in engine at full
operating temperature with test point at ECU connector. It must be with 10 to 15
ohms of the chart in the various service manuals.

. Faulty AMM. Amount of air is determined by AMM. If the meter is out of
specification the ECU will cause the engine to run rich or lean. A slight out of
spec can be compensated for by adjusting the mixture control. If adjusting the
mixture control does not work AT ALL engine running conditions, then replace
the AMM. Obviously, any air entering downstream of the meter leans the
mixture. An exhaust system that is not tight or partially plugged changes the
amount of air that can move through the engine and changes the running
parameters of the engine. Adjusting the AMM can compensate until the specs
shift too far and then engine performance and running problems abound. Make
sure the charcoal cannister is not faulty and allowing engine vacuum to suck
fuel from the tank to the intake manifold through it. A definite rich condition.

. 02 sensor out of spec or damaged. Once the sensor gets to operating temp, it
provides a compensating signal to the ECU which is still running the engine
based upon air mass and engine temp at a specific fuel pressure. The ECU is
constantly "looking" for this signal after a certain engine temp. Once found it
uses the signal from the O2 sensor to adjust the pulse rate to control emissions.

. [Turbo models] A loose Compressor Blowoff Valve at the mounting bracket on
Garrett turbos will leak on boost and give a VERY rich mixture, as will any holes
in intake air hoses, pipes or the intercooler.

The idle control valve only controls idle. It allows measured air to bypass the throttle
plate based upon a specific fuel pressure and the tach signal.

[Jeremy] Here is a quick trick to start a flooded car: Disconnect the four injector
electrical plugs and crank with the pedal mashed to the floor and burn out the extra
fuel and then reconnect.

Car Stalls; Bad Fuel Pressure Regulator Likely Cause. [Variety of "car won't restart
or is driving along and stalls abruptly" problems.] There have been a number of these



problems recently--the car won't start after | drive it 20 minutes, the car won't start
after | turn it off after driving a short distance unless | wait several minutes, the car
made me wait 20 minutes at the grocery store then started and ran fine...ones like
this, that all sound to me similar to the problem that afflicted me a while back, which
was cured by a new fuel pump relay. My problem was sporadic, and the symptoms
varied, but boiled down to a well-running car simply, now and then, refusing to start.
Given that it now seems clear that the FPR is fairly often culprit in these cases, and
given its low cost, I'm wondering if maybe trying to replace the fuel pump relay, after
checking for loose wires and that the fuses are content, shouldn't be the first line of
attack. What | mean is that intermittent failure in the FPR is not uncommon once you
get into years and miles, it's something most of us would not have a hard time
replacing, and it seems, from many of the postings, to be not only the usual suspect,
but actually the real culprit. Sure, there are lots of other things it *could* be, but it
seems that this is what it comes down to more than 2/3 of the time. Starting with the
FPR should, on average, save most people a lot of time | think.

Car Stalls During Turn; Bad Fuel Pre-Pump Likely Cause. See Fuel Pre-Pump
Problems for more information about pre-pump problems causing odd stalling
situations.

Poor Performance; Rich Mixture Smell: Diagnostics [Inquiry: Jarrod Stenberg] My
non-turbo, auto transmission car has been running real crappy for a while now; | think
it was gradual. Sometimes when | start it it takes forever. This can include some
backfiring. When it finally does start it sometimes spits out a cloud of smoke. It often
smells like gas as well. Seems to be running rich. The oil smelled like gas. | replaced
it since this scares me for good reason. Of course this improved nothing but my peace
of mind. When idling it will race a bit and cycle back down to near stall (to and fro to
and fro but not REAL bad). Things | have checked and symptoms: Weak spark?
Replaced the plugs and | have new wires. Checked the distributor cap and rotor. All
are good. | have done the easy checks for vacuum leaks: sprayed wd40 around and
listened for the engine to choke on it. | am pretty certain this is not it.

[Diagnostic Notes: Don Foster]

Failing FPR. First, it certainly could be a failing fuel pressure regulator. Pull the small
vacuum line and sniff for gas -- possibly the diaphragm has a pinhole and is bypassing
fuel directly into the intake manifold. But even if no gas smell, the
regulator could have increased the fuel pressure creating an
always-rich condition -- this is not uncommon.

Fuel Pressure
Regulator

Failing ECT. Second, my favorite is the connections at the
temperature sensor -- the two-connector sensor under intake
runner #3. (The single connector sensor under runner #2 is for the dashboard temp




gauge.) This sensor uses an NTC (negative temperature coefficient) thermistor.
When the temp is low, the resistance is high, and when it's hot, the resistance is low.
The FI ecu adjusts the injector pulse duration based partly on this reading to
compensate for engine temperature. So a failed sensor, a bad or broken connector,
corroded connections, or broken wire would create very high resistance and simulate
a very cold engine (like minus 50 degrees). The ecu would adjust fuel delivery
accordingly.

Bad Air Mass Meter. There's always the old "limp home" trick. If you find the engine
runs well (with the AMM unplugged) above about 30-35 mph, then you probably have
TOO much fuel pressure. If it were my car in this case, I'd suspect the regulator. But if
the engine can't get above 30 mph, more or less, then it's probably the AMM.

Injector Ground Wires and Harness. [Don Willson] Check the ground wires on the
injectors. Remove the manifold bolts and solder the ground wires to the crimp lugs.
Wire brush the connector and around the manifold bolt and tighten the lugs down
securely. A smart mechanic said this is the first thing he "fixes" on any European car
that comes in. When these ground wires develop a high resistance an injector starts to
misfire sending excess oxygen to the O2 sensor which it thinks is a lean condition and
calls for more gas. Let us know if this works.

[Mark Stites] In one situation, the injectors were constantly grounded, causing massive
flooding and engine stalling. Before concluding that the ECU is shorted internally,
consider that a more likely culprit is the harness. It has been years since | have seen
one do it but, in the harness under the intake manifold there is a splice where all of the
injector grounds come together. | have seen a harness deteriorate to the point where
that splice shorted to ground and kept the injectors on continuously. There are a
couple of connectors under the brace that runs from the firewall to the passenger's
strut tower, under that brace you need to find the 8 pole connector that has a gray wire
in the #7 position. Leaving the connector connected, pop open the back side of it and
slide out wire. Turn the key on and if it continues to barrel fuel then your problem lies
between the injectors and that wire connector (i.e. it's in the harness somewhere). If
you turn the key on and it no longer runs the injectors then it is being grounded
somewhere between the connector and the ECU, most likely the ECU.

Poor Perfomance, Bad Acceleration: Faulty FPR. [Inquiry: Aidan ] | have a
problem which | just can't seem to figure out- what would make my ‘89 744 GL with
just a tad over 105k go from running beautifully smooth to not-so-good nearly
overnight? Basically, the car has been running great for a couple of months, ever
since | had some (relatively) minor work done on it. Everything has been absolutely
wonderful- until yesterday evening. Literally, all of a sudden the car started giving a
great deal of resistance when | would accelerate- the RPM's would jump back and
forth like crazy, and the car would shudder and jerk when accelerating and idling...



(like, say, at a stop light.) This is all while the car has a full tank of gas. It began to do
this pretty much as soon as | started the car, but continued even after it had been
running for about an hour. The temperature just dropped a great deal up here in MA,
and as it was late at night after getting home, | didn't really have a chance to take a
look at it. | didn't use the car again until tonight, so it had been sitting cold for about 9
hours. When | tried it was VERY hard to start, so hard that | feared that for the first
time ever | wouldn't actually be able to get it started. When it did start, the engine
jumped around a great deal between .75 and 2 RPM's while in Park, and the car
continued to shudder a great deal even after the engine had warmed up and was put
in both Drive and in Reverse. The car seems most unresponsive to acceleration when
the engine is running under 2 RPM's, though trying to accelerate causes the same
reaction from the engine at nearly any speed/RPM. After taking a look under the
hood, | noticed that when the engine can be seen shaking a great deal more than it
should, literally jerking itself back and forth. It often sounds like the engine is just going
to cut out, only to rev up again. (it repeats this process indefinitely, warm or cold.)
Without saying, the car is very difficult to drive like this, and | fear that one of these
times its either just not going to start, or going to cut out while driving- both things I'm
not looking forward to. Does anyone have any suggestions about what could cause it
do this, or have any ideas about what | should be looking at/for? Any help/ideas/
suggestions would be MUCH appreciated!

[Final Diagnosis and Fix: Aidan] After fiddling around and trying a variety of different
things, I've come upon what seems to be the solution- a faulty fuel pressure regulator.
After replacing it first with a test part and finally a new one for $58.87, | have not
experienced any kind of problem in running, idling, or starting. | came upon finding it
pretty much by trial and error- the AMM checked out and appeared fine, as did the
thermostat in the air filter.

Engine Hesitation: Bad Fuel Pressure Regulator. [Symptoms:] occasional stalling
engine at idle; occasional stumble at cruising speed, resulting in 1-2 seconds of
deceleration like I'd turned the key off. [Diagnosis:] The bottom line is the fuel pressure
regulator was bad, causing too high pressure; replace pressure regulator. This whole
problem was compounded by the fact that there isn't a commonly available pressure
gauge that fits a Bosch FI system; even my mechanic has a homemade one. | delayed
and delayed getting the gauge in place, which would've immediately solved the
problem when it first started occurring! Excuses: | was unable to get the fuel rail to
unbolt from the hose to the pump either, so | eventually cut the fuel line itself, which
was a two-piece construction (rubber outside, poly liner inside). | purchased Sunpro
($35) fuel gauge because it had a hose (with GM/Ford fittings) that | could remove;
and | basically purchased one of every part at the local plumbing supply shop.
Anyway, putting the gauge in instantly revealed too high pressure. Jumpering the fuel
pump was easy too. And nothing could've been easier than replacing the pressure
regulator -- two screws and it's out. The hardest part was swallowing the $80.00. Note:



Imparts carries nice 1.5" fuel pressure gauges (you mount them directly in line)
#153008 60psi - 1/8" 27NPT connection $21 USSummit carries nice small aluminum
connector for those gauges - hose to hose to 1/8" 27NPT thread - part # SUM-G1710
$5.99 they have gauges at the same price as well.

Note: | had a hose assembly made at the local hydraulic shop. the fittings were made
by GATES (the hose people) The sizes are 14mm with a 1.2 mm/pitch and a 37(?)
degree JIS flare.

[Another Tip from Mike W.] Some of you may recall that | posted a week or so ago
regarding my car which had been idling roughly. LH 2.4 OBD was giving me 1-1-3
(fault in fuel injectors) and 2-3-2 (fuel system compensating for rich or lean mixture at
idle). After chasing down numerous red herrings (IAC, TPS, AMM, ECU, cold start
injector, coolant temp sensor) the problem turned out to be a bad fuel pressure
regulator. I've experienced two failure modes for LH-jet FPRs; the first where
inadequate fuel pressure is delivered and fuel comes out the vacuum line connection
on the front of the unit, and the second (which occurred in this case) where the unit
simply pressures up to the point that NO fuel is let out the return line side and
excessive pressure is delivered to the injectors (hence the OBD code). Easy to test,
just disconnect the return line to the tank from the back of the FPR and connect a
couple feet of hose. Aim the hose into a gasoline safe container and turn on the
engine. You should get a good strong stream of fuel from the return line at idle,
probably something like a half gallon a minute or more. If you get little or no fuel, the
FPR is bad, and your main fuel pump will run hot and start screaming for attention
pretty soon. Also found out that this same FPR (Bosch 0 280 160 294) is used on
both the LH 2.4 in the 240 and in my wife's '94 940T. Now | need to go by the pick and
pull to get a "spare” for my "inventory."

Fuel in Oil: Faulty FPR or Injector. [Inquiry:] My brother's 740 with a B230FT has
gas in the oll. I lent him my fuel pressure gauge to check for over pressure, guessing
that it was a bad fuel pressure regulator. Bad news is that his pressure is right on the
money, | think he said about 45 psi. Anyway, the only thing we could think of is a
leaky injector that's dribbling when the car's off. The problem with that diagnosis is that
if gas was leaking from an injector, the car would take a few extra turns to start in the
morning since fuel pressure would be down. He says that it starts right up. | should
probably have him leave the pressure gauge on overnight and check the pressure in
the morning. Anyone have any ideas? [Response: Steve Seekins]

There are only two sources for fuel in the crankcase. First one is the fuel pressure
regulator - however, this may not affect the working pressure! With the engine
running, disconnect and plug the vacuum line to the intake manifold. If fuel comes out



of the regulator vacuum line, there is a hole in the diaphragm and that is the source of
the fuel. Replace the regulator and change the oil and filter. This is a fairly common
problem.

The second source of fuel in the crankcase is an over-rich engine. First, if this is your
problem, your mileage will be terrible - on the order of 12 to 16 mpg. If so, it can be
EITHER leaking injector OR a clogged injector, or possibly a bad oxygen sensor.
Leaking injector can be checked by removing the injectors, leaving them connected to
the injector rail. Cycle the fuel pump several times with the starter, then wipe the
injector tips and observe for droplets forming. Also, have someone crank the engine
while you observe the injector spray patterns (CAUTION: RAW FUEL WILL BE
SPRAYED. BE SURE TO DISCONNECT THE SPARK AND OBSERVE SAFETY
PRECAUTIONS.) Look for spurts, squirts, etc - basically anything other than a nice
even cone-shaped spray. Poorly atomized fuel may not burn completely and result in
some fuel getting to the crankcase. Also look for a CLOGGED injector. A clogged
injector will make one cylinder run very lean, but the computer which looks at the
average will try to compensate by richening up ALL injectors and net result is engine
running very rich on 3 cylinders and lean on 1 cylinder. Don't forget to check the cold
start injector if installed - some engines have them, others do not depending on year
and type of injection system.

Other Running Problems:

Car Stalls Repeatedly on Startup: Fuel Pump Check Valve. [Inquiry:] | have a
1985 740 GLE and every morning when | start my car it will stall approx. 3 times
before leaving the driveway. After this it works fine, and if | park the car and then come
back a while later it starts right up and is fine. It just seems to have a problem when
it's been sitting a while, i.e. overnight and getting to/leaving for work. It has new Bosch
platinum plugs as well as new ignition wires. And this problem occurs regardless of
the temperature both summer and winter in upstate NY. [Response: Steve Seekins]
This sounds like a classic fuel pump check valve problem. The check valve is there to
prevent the fuel from draining back to the tank when shut off. In the AM, try ticking the
starter just enough to make the fuel pump run for a second or so - but not enough to
start the car. Do this 3 times, then start the car. If it starts and runs normally without
stalling, replace the check valve located back at the fuel pump. Other things to check -
make sure that throttle body is clean, check injector seals, wiring harness, etc. Clean,
replace, repair as needed. Consider running a can of BG44K through the fuel system
to clean it -particularly if this car has not had regular maintenance of the fuel system.



Car Stalls, Lights Die: Electrical Ground Fault. [Inquiry:] Does anyone know if the
bulb out sensor box can cause a dim headlight intermittantly. Sometimes if at a stop
light or parked, if | turn on the brights the engine will die. Also sometimes the rt. turn
sign and bright indicator on the dash appear to be dim when they shouldn't be Iit at
all. [Response:] There is a ground bar on each inner front fender. Make sure all of
these wire connectors are clean and tight. | forget what else grounds here but a dirty/
loose ground at this grounding point will cause the engine to die and also dim
headlights. Check both ground points for the inner fender area for being loose and/or
dirty.

Car Over-Revs RPMs While Under Acceleration. [Inquiry] | occasional get an over-
rev when accelerating hard. The car is a 940 Turbo with a manual transmission and
overdrive. Typical symtoms appear when | accelerate in third or fouth; there is an
Increase in engine revs without the increase in speed. [Response: JohnB] The
condition is called "flare"; you have clutch slip or clutch slip in the overdrive unit. Bring
it up to 50mph in 3rd or fourth (somewhere around 3500 rpm, your choice/speed) and
use full throttle with your other foot on the brake to maintain speed....engine speed
should not increase.

LH-2 Cold Idle Problems -Bad ECT or O2 Sensor and Wiring Harness Notes (BB)
The block temperature sensor (ECT engine coolant temperature sensor under the
intake manifold) plays a big part in cold running decisions and could pre-maturely
allow the O2 sensor signal being used before the engine is warm. Because of this a
cold idle problem rarely involves a faulty O2 sensor, but may involve the temp sensor
and more specifically the wiring at the temp sensor. My experience is that this usually
leads to quite rough running at all times, but fast idle and poor acceleration are known
symptoms. With the ignition on and all wiring in place, you should see voltage at the
temp sensor terminal connected to the blue (or orange) wire that goes back to the
ECU. See Diagnosing ECT Failures for more information. No volts means broken
wiring or bad ECU. A bad ECU may actually just be a bad ground at the ECU, so be
warned. A cold engine should read 2-4 volts, a fully warmed engine 0-2 volts. If you
see the full supply voltage of 4-5 volts (the reading you should get from the ECU when
the connector is pulled off the temp sensor) then the temp sensor or its ground wire
are faulty.

The temp sensor wiring goes into the wiring harness and along the firewall before
joining with the O2 sensor wiring and going through the firewall to the ECU behind the
right side kick panel. If you have a general wiring harness deterioration problem then a
fair bit of digging and careful tracing may be required to isolate the problem. You can



splice in your own repairs, but for extensive problems a total wiring harness
replacement may be needed.

Automotive wiring from your local retailer is often not up to the job of being near a hot
engine. If possible, make your splices using heat resistant wiring (like oven/stove
wiring from an appliance parts/service shop). Also use heat resistant connectors
(nickel or copper) rather than auto grade (aluminum), you should be able to get them
at the same place. Heat shrink tubing can be used to insulate the connectors and can
also be used to insulate short runs of bare wire. Better quality shrink tubing is
available from electronics/electrical or appliance supply houses.

BTW Cheap PVC clad wire, electrical tape, shrink tubing, dielectric grease, etc. should
not be used at the O2 sensor lest it melt and burn from all the exhaust manifold heat.
If in doubt, test a scrap for heat resistance.

So, with wiring harness problems in mind, resolve to keep your engine compartment a
little cleaner so that engine oil and road grunge buildup on the wiring doesn't hasten
deterioration of the insulation. If your engine is weeping oil onto the head then get the
valve cover gasket and/or camshaft seals attended to. You don't have to become a
fanatic and start waxing the firewall, just use detergent and an old wash mitt and
maybe the occasional spray-can of engine degreaser. When rinsing off, avoid
drowning your distributor and ignition control unit. Everything else is pretty much
waterproof (actually the ICU is also normally waterproof, but why take chances).

Car Won't Start: Neutral A/T Safety Switch at Fault. [Inquiry:] Starter will not
operate when ignition turned to "start". [Response:] I've had a starting problem with
my 89 744GL, and discovered that the 'neutral safety switch' was the culprit. It's a
device in the base of the (automatic) shifter that will only allow the car to start in
neutral or park. Mine had worn to where the contact wasn't always made in neutral or
park either, so | bought a new one at the dealer ($48) and it was simple enough to
install.

Car Won't Start; Plugged Catalytic Converter. | hate to post another "my car won't
start" question, but "my car won't start!" This is an ‘87 240 B230F, 196k miles, LH-J
2.2, Chrysler Ignition with Bosch Distributor. The car cranks over properly. Fuel pumps
both verified running. Injectors generate "clicking" noise indicating operation.
Measured resistance of all 4 injectors - all correct. Sparks happen at spark plugs.
Verified distributor points at #1 when both #1 cam lobes point up. Spark plugs fire at
correct time (as close as | could estimate with timing light.) Tested all I/O to ECU - all



points had correct continuity/resistance/voltage per Bentley testing procedure. Tested
Air Mass Meter - proper voltage & resistance on all points; no change when
unplugged. Tested fuel pump delivery volume - ok. Checked resistance of colil - within
spec. Suspected gas; drained tank and fuel lines, and added 3.5 gallons of fresh fuel.
Installed new Cap/Rotor/Plugs/Wires. Verified proper operation of throttle switch.
Compression good at 190/190/190/180. Two instances of flaky wiring noted, on oil
pressure sensor and temperature sensor; verified both not shorting or grounding. All
other wires look clean and almost new. Still no go. At this point, the car *almost* runs
when you crank it. It sounds like it would if you just cranked it for long enough, but it
never does. Occasionally, after standing a while, it will run badly for 10-15 seconds
before dying. Spark plugs are wet after cranking. | have run out of things to check - I'm
stumped. [Diagnosis:] Have you checked for a plugged exhaust system? [Result:] |
pulled the plug from the test port just ahead of the cat, and it started and ran, with a
loud hissing coming from the port. | disconnected the catalytic converter at the inlet,
and found that the cat had broken up inside. A large piece had bounced forwards and
become firmly lodged in the inlet, blocking almost all flow. | removed the piece, and
the engine started up promptly and ran very well, albeit loudly.
|

TURBO-SPECIFIC SYMPTOMS:

Turbo has Poor Acceleration; Diagnostics. [Inquiry:] Symptoms: When | give it gas
the turbo boost goes into the yellow, however, acceleration is sluggish. The car fights
me all through acceleration. It starts fine and has a new turbo. Diagnostics: See the
Engine: Turbo sections on Basic Diagnostics and the sections following for more tips.

You likely have a leak in the intake system.

Turbo Suffers Severe Misfire: Leaking Intake System. [Symptoms] Passed
someone on a two lane road at full power. A mile of two later the car starts to vibrate
from what feels like the transmission, even when coasting. As we begin to accelerate
the vibration starts again and it loses power. After | drop it into 2nd geatr, it revs and
seems to be running better. Go back into drive and drive the car gently, seems to be
ok. [Response: Jason R.] You blew or popped off a turbo hose: check those hoses. |

had a small tear one time which would not let me get past 40-50mph but would run
fine below that. [Editor] A leaking turbo hose will enrichen the mixture, causing misfire
in multiple cylinders. Opening the throttle will worsen this significantly.

Engine Cuts Out; Rich Running: Turbo Electrical Harness Degradation. [Tip from



Jeremy] Symptoms in my turbo were cutting out and dieing when driving then
restarting with no problems, not starting after sitting 8 hours and being totally flooded.
Fuel was weeping out the manifold! The cause of my problems: The power wires from
the injector to the turbo injection resistors were shorting together or to ground (note:
non-turbo cars do not have these resistors). This would cause the injectors to open
and stay open all the time in one or more cylinders. | found this by attempting to test
continuity through the wires and in the process of disconnecting the next connector it
would cause a loss of continuity in the connector | had just checked. Lesson-
disconect all connectors so you don't get the chance for a false good reading due to
an unknown short between wires. In another case, the wiring harness for the injectors
was rubbing against the bottom of the valve cover and had worn through three of the
injector's wiring. Now the solution: Replace the wires from the injectors to the resistor
pack in the forward left side of engine compartment and the wires going to the
connector that feeds thru the fire wall. The four wires going to the firewall connector
are the signal wires that give a ground to the injectors. They all end up at the same pin
so if you want to connect them at the injectors and just rum on wire to the plug that will
work too. | routed the new wires along the top of the engine away from heat sources.
Splice the new wires as close as you can to the existing connectors if you are not
planning to replace them.

760T Misfires; Fl Resistor Pack Defective. [Symptom:] My 86 Volvo 760 turbo is
running very rough.. when | tested the cylinders the #2 cylinder wasn't firing. After
many hours of frustration | found a relay which is located next to the battery. This relay
is a little box with four cylinders in it The cylinders are about 3 inches long with a
radius of about 3/8 of an inch. five wires go into the box One attached to each cylinder
and one going down the center. | presume the lone one is the constant power. On this
box | saw one wire was dislocated. | re-attached this wire but the cylinder still wasn't
firing. | then took of another wire and the #4 cylinder stopped working. | then attached
the working electrode (off the box) to the #3 cylinder but it still wouldn't fire. | also
though have a periodic problem. Sometimes when | am driving normally my car will
start to misfire. If | floor it will eventually catch (3-4)seconds later. If | keep it floored it
does go.. but when | release the gas to 1/2 it starts to putter out. Could this be the
same problem? What is the name of this part? [Response:] What you are describing is
the resistor pack for the fuel injectors. Only the turbo's have them. The Volvo p/n is
3531339 and Volvo lists it for $59.39 dollars US. There is one resistor per injector. We
have seen the batteries corrode the connector over a period of time, from the lack of
battery maintenance.

Hot Start Problems: Faulty Hall Sensor. [Note from Steve Seekins:] Note that if your
car is a turbo, you do not have the crank position sensor, but you do have a hall effect



sensor in the distributor that can also be the problem (cars with the crank position
sensor do not have the hall sensor in the distributor).

Hot Start Problem: Power Stage Overheats. [Note from Boris] | had a hot start
problem on my car. It drove me bananas. | would pop the hood just slightly after each
frequent stop, and this reduced the frequency of the problem drastically. Why do you
ask? Volvos, especially the turbo models generate enormous amount of heat once
parked after a drive. This heat has no place to escape. It just sits under hood for a
LONG time and can damage various components. | believed whatever part was
malfunctioning must be under hood and not on relay board. Replaced Hall sensor
needlessly. Problem was in the Power stage. Took it off, cleaned the contacts very
well, and coated with dielectric grease. Next, | coated the heat sink side of it with
thermal compound which to my surprise was not there before. This helps keep it
cooler. For extra protection | taped a styrofoam cup over it (Yes | too can be frugal...)
Problem gone. | was stuck the other day going 11 miles in 3 hours, and the car ran
fine. It was so hot under the hood, | could have baked a good lunch under there.

GENERAL EMISSIONS CONTROL PROBLEMS:

Emission Control Problems: High HC, CO or NOx. Below are some generic
diagnosis notes (non-Volvo-specific) to help you begin pinpointing why you failed the
smog/emissions/MoT etc. tests.

[Excerpted from "Exhaust Emissions Diagnosis: The Precursor to Finding Engine
Performance Problems", Larry Carley, ImportCar, June 2000.

GENERAL DIAGNOSIS. Elevated hydrocarbon (HC) emissions usually indicate
ignition misfire due to fouled spark plugs or a bad plug. But high HC emissions can
also be caused by burned exhaust valves (check compression), lean misfire (check for
vacuum leaks, low fuel pressure or dirty injectors), or rich fuel conditions (excessive
fuel pressure, leaky injectors or a dead O2 sensor).

High carbon monoxide (CO) emissions are a telltale sign of a rich fuel mixture. On
newer vehicles with feedback fuel controls and fuel injection, leaky injectors, excessive
fuel pressure and sluggish or contaminated O2 sensors are all possibilities to
investigate.

Harder to diagnose are elevated oxides of nitrogen (NOX) emissions. NOX levels are
affected by engine combustion temperatures. When the temperature inside the
combustion chambers exceeds 2500°F, nitrogen combines with oxygen to form oxides
of nitrogen, or NOX. Many engines rely on EGR to lower combustion chamber



temperatures and reduce NOX formation to an acceptable level. When the engine is
running at stoichiometric level (mixture at 14.7:1), NOX production ranges between
1700 and 2500 parts per million (ppm). Since NOX formation is a temperature-related
reaction, lean mixtures cause higher NOX production. Mixtures leaner than 14.7:1
(stoichiometry) increase combustion temperatures and cause NOX production to
increase. When the mixture reaches 16:1, NOX production drops off. To find the
cause of NOX problems, you'll need to determine what's causing the engine to run too
hot or too lean, or both. Causes here may include air intake or vacuum leaks;

defective EGR valve, EGR vacuum solenoid or motor, or plugged EGR ports in the
manifold; a failing or sluggish oxygen sensor; failing or contaminated air mass meter,
carbon deposits in cylinders or on plugs; over-advanced ignition timing; fuel pressure

too low due to plugged filter or failing pump; a failing catalytic converter; or engine
overheating due to cooling system malfunction or overheated intake air due to air
intake box thermostat failure.

IDLE EMISSIONS. A vehicle that has sharply elevated HC or CO emissions at idle
will usually have a noticeable misfire and/or rough idle. The most likely causes here
would be:

. Fouled spark plug(s);

. Shorted spark plug wire(s) or defective plug boot(s);
. Vacuum leak;

. EGR valve stuck open;

. Burned exhaust valve;

An extremely rich fuel condition can also cause elevated HC and CO at idle, while an
extremely lean condition will only cause HC to rise abnormally. A leaky EGR valve can
act like a vacuum leak and cause a lean misfire at idle. HC and CO will be somewhat
higher as a cold engine warms up because the fuel system may still be running in
open loop. Until the engine reaches a predetermined temperature and/or the oxygen
sensor gets hot enough to produce a good signal, the ECU will supply a relatively rich
mixture while the system is in open loop. A faulty thermostat that is stuck open or a
defective coolant sensor may prevent the system from going into closed loop.

NOX emissions are always lowest during idle and decel because that's when engine
load and combustion temperatures are lowest.

ACCELERATION EMISSIONS. During acceleration, the engine momentarily drops out
of closed loop and receives a richer fuel mixture for more power. During this time
(depending on the system), the Airflow Sensor and the TPS sensor play critical roles
in controlling the fuel mixture. Most fuel-injected engines have either a throttle position



sensor or switch that indicates when the engine is at idle. When this device indicates
that the engine is no longer at idle, the on time of the injectors is increased to
temporarily richen the fuel mixture. The same thing happens any time the engine
comes under load and manifold vacuum drops. The AMM sensor tells the computer
the engine is under load, and the computer responds by adding more fuel.

It is normal to see some spikes in CO during acceleration, but unusually high CO
readings indicates that the fuel mixture is too rich. Possible causes might include:

. Flooded charcoal canister or a leaky purge valve;
. Defective mass airflow (MAF) sensor, or
. Defective throttle position sensor.

If the feedback fuel control system is working properly and there are no apparent
sensor or purge valve problems, the catalytic converter may be contaminated or not
functioning.

Elevated HC readings during acceleration indicate ignition misfire under load. The
causes could be:

. Defective knock sensor;

. Weak ignition coil(s);

. Excessive resistance in spark plug wires;

. Arcing inside the distributor cap;

. Worn, fouled or incorrectly gapped spark plugs;
. Over-advanced ignition timing; or

. Lean air/fuel mixture.

NOX readings will rise sharply during acceleration and will peak a few seconds after
the cruising speed is reached. If the EGR system fails to recirculate exhaust back into
the intake manifold, combustion temperatures will rise causing an increase in NOX.
The higher temperatures may also cause some detonation (spark knock) to occur,
which may be audible when the engine is under load. Causes of elevated NOX
emissions during acceleration include:

. Defective EGR valve;

. Leaky EGR valve plumbing or control solenoid;

. Carbon deposits in EGR manifold passageways;

. Carbon buildup on pistons and in combustion chamber;

. Over-advanced ignition timing;

. Defective knock sensor or too low octane fuel;

. Engine overheating (check thermostat, fan, coolant level);

. Exhaust restrictions or failing catalytic converter

. [Chris Herbst] Check for low fuel pressure due to bad pump, clogged filter, or a



bad (low pressure) regulator on fuel supply system.

CRUISE EMISSIONS. At cruise, the engine is lightly loaded and running at high rpm.
Under these conditions, HC and CO should be low if the oxygen sensor and feed back
control system are working properly, and the catalytic converter is in good condition.

High CO readings during cruise indicate a rich fuel condition. Causes here may
include:

. Defective O2 sensor;

. Exhaust leaks upstream of the O2 sensor (check manifold gaskets and air
plumbing
connections);

. Defective AMM sensor;

High HC during cruise would indicate a steady misfire or loss of compression (leaky
exhaust valve).

DECEL EMISSIONS. When decelerating, the engine will typically either lean out the
fuel mixture or shut the fuel off completely (some fuel-injected engines). The computer
typically uses inputs from the Vehicle Speed Sensor, TPS, Airflow sensor, and engine
rpm to determine when this occurs. When the throttle closes and manifold vacuum
shoots up, the computer cuts back on the fuel. Normally, HC, CO and NOX emissions
drop during deceleration because the engine is no longer under load and is receiving
little or no fuel.

If CO emissions remain high during deceleration, the engine is receiving too much
fuel.
Causes may include:

. Leaky fuel injectors; and
. Faulty VSS, TPS, or airflow sensor.
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or Won't Turn

Abbreviations:

AMM  Air Mass Meter
ECT Engine Coolant Temperature sensor
ECU Engine Control Unit computer (either fuel injection or ignition)

FI Fuel Injection
FPR  Fuel Pressure Regulator
IAC Idle Air Control solenoid valve

TB Throttle Body
TPS  Throttle Position Sensor
VSS  Vehicle Speed Sensor

Maintenance, Plugs, Cap, Wires:

Spark Plug Notes. See Removing Spark Plugs, Re-Threading Spark Plug Holes, and Installing Spark Plugs for more
information.

Spark Tester. [tip from Don Foster:] To test whether your plugs are receiving a spark impulse, try this. It's dumb
simple and works flawlessly. How to build:
Go to your electronic junkbox, or the local electronics workshop, or to Radio Shack. Get:

A neon bulb, NE-2

About 15' of light-gauge stranded wire (insulated, of course)

An alligator clip

A collection of heat shrink tubing
Connect a 3-4' piece of wire to one lead of the neon bulb. Insulate the solder connection
with heat shrink. Attach the alligator clip to the other end of the wire. This is your GROUND WIRE. Connect a 10-12'
piece of wire to the other lead of the neon bulb. Insulate the connection with shrink tubing. This is your ANTENNA
WIRE. | like to put a larger (diameter) piece of shrink tubing over the bottom part of the bulb, including the other shrink
tubing for mechanical strength.

How to use:

Find a convenient, out-of-the-way location for the bulb (preferably out of the light). Connect the ground clip to metal
chassis. Feed the "antenna wire" through the firewall and over the engine. Take pains tosecure it away from moving
stuff, like the fan. Wrap the "antenna" around one plug wire about 15 times, and tie the end of the wire back over

itself. DO NOT electrically connect the "antenna” to the plug wire or to anything else. It picks up the electrical pulses by
induction (hence the term "antenna").

Anytime there is a spark pulse in the wire, the neon bulb will flash -- dimly, but still flash. This does nothing to the
effectiveness of the ignition system, so can be left there for a month or a year. When the engine's running, the bulb will
flicker. When you're cranking the engine on a cold, rainy morning, you can watch to see if there's spark. If you have a
similar test light attached to the fuel pump, you can see if the pump's powered.

Cap and Rotor. B2XX engines come with rear-mounted distributors (between the valve cover and the firewall) and
block-mounted distributors as in the photo to the right. The latter are prevalent on Rex-Regina powered cars, mostly 94
or 95 vintage.

B230 Engines. [How do | remove my cap and rotor: it appears to be right next
to the firewall? [Response: Various] Carefully pull off the spark plug wires
from the cap. They will be stuck due to heat, so use a gently twisting and
pulling motion on the boots. You may need to pry up a little on the boots t




unstick them. Use an 8-mm wrench and remove the three bolts securing the  |Side-mounted distributor on Regina B230F
cap. Pull the cap straight back and off. The rotor is tightly secured by press fit
on the shaft and usually must be pried off with a large flat-bladed screwdriver.
Remember the rotor orientation. To install, press the rotor back on, inserting it
so that the keyway fits, and make sure it bottoms on the shaft. Reinstall the

cap. Using silicone dielectric grease, coat the inside of the wire boots and
reinstall. Press down firmly on the boot tops until the wire “clicks" into the cap.

B234 Engines. [Jeff Saeger] Removing the cap and rotor with nearly zero clearance: Remove the wires from the cap;
this gives more room and allows space for the screws to clear the head when the cap comes off. Make a drawing or
mark so you get them back on correctly. | use a box or open end wrench on the "screws". This allows getting at them
from the side. | think there are 3 screws, but one is in an apparently low or difficult to see spot. To get this one | loosen
the bolt which allows the distributor to rotate, careful that you mark the spot (althhough it was obvious from dirt makes
and all on mine, so you can get the timing back on. By rotating the distributor you can get that last bolt.

Plug Wires. [Editor] While people are welcome to try the variety of plug and coil wires on the market, many of which
promise miraculous power gains, the only brand that consistently works, fits perfectly, and lasts a long, long time is the
OEM wire set from Bougicord. Buy these from Volvo (in which case you get the upgraded Class F with thicker silicone
insulation) or from a specialty Volvo retailer such as IPD, RPR, or FCPGroton who all sell the Class E versions. Other
wire sets (especially "performance" brands) may lack proper interference suppressors, in which case you may interfere
with radios, air bags or ABS modules. Anecdotes on Brickboard show disapproval of Magnecor and approval for
Kingsborne wire sets.

Firing Order and Reinstalling Plug Wires:
B230F/T or B234 Four Cylinder: Firing order 1-3-4-2.
. Rear distributor: Left-to-right terminals are 4-3-1-2
. Side distributor: Front terminal is 1, thence clockwise around to 3-4-2
. Plugs: Front-of-engine-to-back: 1-2-3-4
B280F Six Cylinder: Firing Order 1-6-3-5-2-4
. Rear Distributor: Front passenger side terminal is 1, thence clockwise around to 6-3-5-2-4 ending at front driver
side terminal
. Plugs: Passenger side front-of engine-to-back: 6-5-4; Driver Side front-to-back: 3-2-1
Wire Grades. [Rick Tilghman] Bougicord makes two spark plug wire grades: grade E and grade F. The grade is
stamped on the wire. Volvo OEM wires are Grade F. According to Bougicord's website the following distinguishes the

two grades:

. grade E: max temp = 160c, min temp = -30c, thermal overload = 220c
. grade F: max temp = 180c, min temp = -30c, thermal overload = 250c

Installation. [from Bougicord] To replace your ignition wires:
1. Make sure the engine has cooled down before attempting to remove any of the ignition leads.

2. To assure correct firing order, remove and replace only one ignition lead at a time, starting with the longest lead
first. The numbers on the leads match to the cylinders and assure a correct firing order.

3. Remove any clips and wire separators, and then grasp the ignition lead end terminal and boot, do not pull the
cable. Remove with a steady rotating pull. (Avoid the use of pliers, screwdrivers, or other tools to remove the
spark plug boot.) Clean off any excess grease found on the spark plug end or coil tower with a soft cloth and
isopropyl alcohol.


http://www.kingsborne.com/

4. [Editor] Insert a small amount of silicone dielectric grease into both boot and nipple and coat the insides of them
with this grease to keep out moisture/ dirt and ease removal.

5. Attach new wire to the spark plug. Reattach clips and route the new wire back through the separators again to the
distributor cap or ignition coil. This will assure that you have followed the original wire routing which is designed to
keep the wires away from all linkages, the exhaust manifold, other hot surfaces, and any sharp edges.

6. Place distributor end terminal and nipple over the distributor cap or ignition coil and firmly attach new wire.

7. Installation tip: When you attach the wire end onto the spark plug, distributor cap, or coil, listen for and feel for a
click. This click indicates that the snap lock terminal has fully engaged.

Ignition Function:

Bosch or Rex-Regina Ignition? [Inquiry] How do | tell which
ignition system my car has? [Greg Shutt/Bob/Don Foster] Open
your hood and look for the coil. If it's a Bosch system, the coil will
be a cylinder mounted on the passenger-side firewall. If it's Rex/
Regina, the coil will look more like a square transformer thing
mounted on the driver's side strut tower. The "air mass meter" is
another difference. The Bosch air mass meter attaches at the air
cleaner box and has a large hose going to the intake manifold. It
should have a 5 wire connector. Regina system has a similar
looking device which is an intake air temperature sensor attached
to the air box with a hose going to the intake manifold. Instead of
a 5 wire connector, it has a 2 wire connector. The illustration to
the right shows the Rex-Regina system components. See also

Fuel Injection.

Rex-Regina Coil and Air Temp Sensor

Note that the components for Regina differ from Bosch and you need to keep that in mind as you read FAQ notes. For
example, the Rex system integrates the ignition power stage amplifier into the coil; Bosch has a separate unit.

Basic Operation and Troubleshooting of the EZ 117K [Don Willson]

This discussion is based on my 3 cars all of which have the EZ-117K Jetronic Ignition which is for the 4 cylinder engine,
with distributor on the rear of the cam shaft, the timing signal is from the Hall effect sensor within the distributor or an
RPM sensor on the flywheel, air is measured by an air mass meter, it has a knock sensor, and throttle position switch.

| have had three 740s and though | am not a professional mechanic I'm a pretty good DIYer. | seldom use a dealer or
independent shop unless time or tools require it. | am an engineer and like to know what's wrong and how that affects
the engine My basic reference are the Volvo shop manuals, especially the electrical, engine and ignition manuals.
[Editor's Note: see the section on Maintenance Manuals for more details on how to obtain the correct versions for your

car.]

I will try to show a systematic approach to based on a chronological order where applicable.



Starting: Turn key to “run”

Power is supplied to the IGNITION CONTROL UNIT , hot side of the COIL, POWER STAGE, and most
accessories.

Turn key to “start”

Power is removed from most accessories and applied to the STARTER SOLENOID. (if the car is equipped with
automatic transmission it must be in Neutral or Park)

The starter pinion gear meshes with the ring gear, the high ampere connection made and the starter motor
operates.

Engine turns over. The sequence of events is as follows.

IGNITION CONTROL UNIT (ignition computer) sends power to the DISTRIBUTOR.

The HALL EFFECT sensor in the DISTRIBUTOR (LH2.2 systems) sends a square wave electrical signal that
varies from 5 to 0 volts back to the IGNITION CONTROL UNIT. As the signal rises from 0 to 5V the control unit
starts to compute the timing of the next ignition pulse. As the signal falls to OV the control unit commences ignition
countdown and delivers ignition pulse as computed. [Editor's Note: this is true for pre-88 cars; newer Volvos with
LH 2.4 use an RPM SENSOR at the flywheel for the same effect.]

When the IGNITION CONTROL UNIT gets this signal it says “the engine is turning over, let's give it some fuel and
spark” (I presume this is a safety function so that in case of an accident the fuel will not be delivered to a dead or
damaged engine.). It sends the appropriate signal to the:

POWER STAGE (ignition amplifier). This feeds the coil which then send high voltage to the center tap of the
distributor where the distributor sends the high voltage on to the correct spark plug.

FUEL CONTROL UNIT (LH-Jetronic.) This unit collects signals from the AIR MASS METER (AMU), COOLANT
TEMPERATURE SENSOR, THROTTLE SWITCH, OXYGEN SENSOR (Lambda sond), and:

grounds the FUEL RELAY which (hopefully) turns on both the IN-TANK FUEL PUMP and the HIGH
PRESSURE FUEL PUMP.
Fuel then flows under pressure, in the 30 to 40 PSI range (though the pump is capable of pressures up to 80
PSI), into the fuel rail. At the front end of the fuel rail is a PRESSURE REGULATOR that maintains a
pressure in the 30 PSI range though it varies according to engine vacuum. A higher vacuum, as when idling
or running lightly, allows more fuel to flow back to the tank and the pressure is reduced in the fuel rail. When
under higher pressure or even turbo boost the pressure in the fuel rail is higher and more fuel is delivered for
the same amount of injector open time.
Opens the INJECTORS for the appropriate time. Note, since this is not a sequential fuel injection system, all
INJECTORS fire at once and timing is not an issue other than that they fire each half resolution, so that fuel
is in the intake manifold ready for any intake valve to open.

Now the engine starts, however, there is more to it.

If the engine is cold, like the first start in the morning, the AIR CONTROL VALVE opens and acts like a fast
idle cam on old non fuel injected cars. The controlling signal on this is the COOLANT TEMPERATURE
SENSOR. Generally only a few seconds is needed for this to be open, however, under some conditions it
closes, the idle speed drops significantly and it opens again.
There is no choke but since the choke only forces a rich mixture the FUEL CONTROL UNIT will open the
injectors more times and/or for longer periods.
As the engine warms up various signals are supplied to the FUEL CONTROL COMPUTER to modify the
INJECTOR open time. For example:
The COOLANT TEMPERATURE SENSOR sends a signal to the FUEL CONTROL COMPUTER that less
enrichment is needed (like a choke backing off)
The AIR MASS METER supplies the engine load as it measures the amount of air being delivered to the
engine, as a function of the THROTTLE position, and sends this signal to the FUEL CONTROL COMPUTER
for use in determining the optimum mixture
The OXYGEN SENSOR warms up and begins to send a signal to the FUEL CONTROL COMPUTER that in
real time varies the mixture to maintain a mixture that delivers power with minimum emissions.
The KNOCK SENSOR 'listens’ for the characteristic sound of a knock and sends a notice to the IGNITION
CONTROL UNIT which retards the spark in steps of 2.8° up to 10° to 16°, until knocking ceases. Then it
advances the spark in steps of 0.37° until, if possible, it return to the normal advance.



After fully warmed up and running the COOLANT TEMPERATURE SENSOR is continuously monitored and if it

indicates an overheat condition it advances the timing by 13° if the throttle is closed on the B230FT engines.

The THROTTLE SWITCH senses when the THROTTLE is closed, foot off of the gas, on of two things happen:
If the engine is turning over rapidly, above idle speed, the spark and fuel are adjusted to give the maximum
engine braking.
When the engine drops to near idle speed the spark is retarded so as to provided a smoother idle.

After Shutting Down
One item occurs after the key is turned off, that is that a voltage is sent to the AIR MASS METER to burn off
contaminants that have accumulated.

[Courtesy of Don Willson]

Using OBD Codes to Troubleshoot EZK Ignition Problems in Later Bosch LH2.4+ Systems. See
Engine: Diagnostic Codes for instructions on how to read both ignition and fuel injection computer trouble codes from

the diagnostic boxes in later Bosch LH2.4 systems.

Using Diagnostic Outputs to Troubleshoot EZK Ignition Problems in Earlier Bosch LH2.2 Systems. Despite not
having a diagnostic box, you can still read some trouble codes using an LED diagnostic reader. See Engine: Diagnostic

Codes for instructions. You can also follow the steps below, depending on your ignition model, to test various ignition
components and pinpoint faulty units using simple electrical tests.

Measurement Test OK if: Diagnostic Notes
Renix-F (B200K)
at Connector A:
Terminal 3 & Ground >= 9.5V Check fuse #12 and connector at A-pillar
Terminal 2 & Ground <= 0.1 ohms Check connector at LH wheel housing
at Connector B:
Terminals 4 & 5 220ohms +- 60 ohms Check/replace pulse generator
at Connector C:
Terminal 8 & Ground should have voltage w/ ignition advance relay engaged (car
at Control Unit: in drive or A/C engaged)
Terminals 3 & 9 <= 0.1 ohms Check/replace unit
at Coil:
Primary coil windings: 0.6 +- 0.2 ohms
Secondary coil windings 4000 +- 1500 ohms

Measurement Test OK if: Diagnostic Notes
EZ 117/118 Series for Bosch LH2.2
at Power Stage Connector:

Terminal 1 & Ground 12V w/ ignition on when rotor is firing Check fuse #12 and
connector at A-pillar

Terminal 4 & Ground 12V w/ ignition on Check connector at
LH wheel housing

Terminals 1 and 4 Resistance matches coil specs

Terminal 2 & Ground 0 ohms

Terminal 5 & Ground 2V w/ leads disconnected from coil terminals 1 & 15, when

operating starter motor

at EZK Hall sensor wiring:

Terminal 3 (red) & Ground 12V w/ ignition on
Terminal 2 (blue) & Ground 5V w/ ignition on
Terminal 1 (black) & Ground 0 ohms

EZK coil resistance:

EZ-102K 0.6-0.9 ohms (pri), 6500-8500 ohms (sec)
EZ-115K 0.6-1.0 ohms (pri), 6500-9000 ohms (sec)
EZ-117/118K 0.6-0.9 ohms (pri), 6500-9000 ohms (sec)

at ICU Connectors:
for EZ-102K (B23FT)
Terminal 1 & Ground 12V w/ ignition on




Terminals 1 & 11 12V w/ ignition on (#11 is ICU ground lead)
Terminal 5 & Ground no continuity (test connector)
Terminal 4 & Ground 0 ohms w/ throttle closed, increased resistance w/ throttle
open (TPS)
Terminals 8 & 15 continuity w/ leads at knock sensor connector jumped
Terminal 14 & Ground approx 11V w/ ignition on (load signal from ECU)
for EZ-115K (B280E/F) / EZ-117K
(B230F/B230FT) / EZ-118K (B200E/
B230E/K)
Terminal 6 & Ground 12V w/ ignition on
Terminals 6 & 20 12V w/ ignition on (#20 is ICU ground)
Terminal 20 & Ground 0 ohms (ground)
Terminal 3 & Ground no continuity (test connector)
Terminal 7 & Ground 0 ohms w/ throttle closed, non-zero w/ throttle open (infinite  |B230FT, B280 only
resistance should not be seen at the ICU) (throttle switch)
Terminals 7 & 11 0 ohms w/ throttle closed, infinite resistance w/ throttle open |not B230F/FT
(throttle microswitch)
Terminals 11 & 25 1900 ohms w/ coolant at 22C Terminals 12 & 13: continuity [B230K only
w/ leads at knock sensor connector jumped
Terminal 8 and ground approx. 11V w/ ignition B230F/FT, B280 only
on. (load signal from ECU)
Terminals 10 & 23 500-600 ohms (crank position sensor) B280 only
Terminal 2 & Ground proper resistance for coolant temp (coolant temp sensor) B280 only
Terminals 12 & 13; 24 & 25 continuity w/ knock sensor connectors jumped B280 only
Terminals 18 & 19 0 ohms (Cyl #1 sensor) B280 only

Troubleshooting:

Car Won't Start; Ignition Diagnosis. [Problem:] This morning my 86 740 GLE (B230F) started and ran for approx. 30
seconds then died and will not restart. No spark exists at the colil (replaced coil with new one no change). The fuel relay
does kick on after taking the ignition switch from start to run. [Response:] Ok let's go thru a general no start fault trace:

1. Is the transmission in a gear other than "Park"?
2.
3.

Is there gas in the tank?
When you turn the key on does the pump run for about 1 second? From your post | would assume that the
answer is yes. This indicates that the fuel pump runs and the relay and ECM are capable of turning it on.

. When you put the engine to crank does the pump run during the cranking? Again you said yes, as you deduced

this indicates that the hall switch is working

. lis there spark at the coil itself? (to test pull the coil wire part way out and have someone else crank the engine) If

the answer is yes then the problem is in the distributor secondary (cap, rotor, wires) If the answer is no continue.

. Is there voltage present at the coil low tension terminals with the key on? ( and are all the wires connected?) If no

fix, if yes continue

. Is the power stage connected? yes? remove the connector and examine the terminals on both the power stage

and connector if they are corroded they will need to be cleaned. Still no start continue.

Regina-Equipped Cars: [Chris Herbst] The coil, which is an expensive beast ($200), will (here is the voice of
experience) cause random no-starting though not stalling. See Bosch vs. Regina for identification.

Ignition Failure after Hot Soak: Won't Re-start. [Symptom:]My 1988 744 Turbo with EZK 117 ignition starts and
drives fine with A/C on in 95 degree Maryland weather for about 30 minutes. It won't start once it is turned off. A strobe
test shows no spark. It sits for several hours (cools down presumably) and then starts right off. In its disabled state there



is system voltage registered at both sides of the coil and at terminals (1) and (4) of the Power Stage amplifier.

Diagnostic Tips. Next time you have a hard ignition failure pull a plug wire, insert an old spark plug, ground the outside
and check for spark. If you don't have it, go to the coil center high tension lead and check for spark. Next ground the
coil's high tension lead and put a meter on the coil's 12v terminals. No 12v switching? Since most systems apply 12v
and switch the ground lead, if there is no 12v at all, check the power lead to the ignition, wiring, fuse etc. If you do have
12v but no switching then check the Hall sensor in the distributor. Disconnect the leads from the reluctor (in the
distributor) from the ignition module and measure with a sensitive DMM. You should see some small voltage as you
crank. At this point you've checked the power to the ignition module, the sensor, and the spark delivery path. That
means the only thing left to do is repair/replace the ignition module.

Diagnosis: LH 2.2 Systems. First, check for a cracked and/or oil-contaminated harness connector on the side of the
distributor. If this is okay, then replacement of the Hall Sensor in the distributor is the fix. Heat rises in the stopped
engine and increases temperature of the rear-top-mounted distributor. A weak Hall breaks down and ceases to send
pulses to ignition control module; hence, no spark. Be careful not to bung-up the rivet holes in the distributor body when
you drill out the Hall attachments; you need a good lip for the new sensor rivet ends to crush against. Mount two bolts in
a vice and use them as supports for the inner ends of the rivets as you mash the outer ends with a drift. [More on Hall
Sensor:] Best idea when replacing the Hall Sensor is to take the whole unit (just the bracket) to a dealer and ask them
to drill the old one and put the new one in. The rivets on the Hall are harder than the aluminum bracket plate so if your
drill slips out you will have to buy a new distributor cause you can not buy just the bracket. If you replace it yourself, you
will need the help of a second person to put the sensor back on. It has 2 rivets that need to be drilled out. When you
place the new one on you need a second person to hold it squarely over a punch so you can peen the rivets in place.
There are instructions in the Volvo manuals. Be sure to note the way the collar with ears comes off. [Contrary Opinion
on Hall Replacement:] Although Volvo sells the Hall sensor separately from the distributor assembly, a new distributor is
usually more cost-effective for two reasons: First, installing the mounting rivets in a new sensor is awkward, tedious
work . Because the sensor location prevents you from getting a straight shot at the rivet heads, it's very difficult to drive
the rivets in securely. Second, bushing wear is common in higher-mileage Volvo distributors. You can usually feel the
wear-lateral movement in the distributor shaft-with the distributor removed from the engine. A sloppy distributor shaft
usually goes hand-in-hand with distributor oil leaks, especially through the seal protecting the inside of the distributor.

Diagnosis: LH 2.4 Systems. No-hot-restart problems are almost always due to failures in: fuel injection relay, radio
suppression relay, or rpm sensor.

Does My Car Have a Hall or RPM Sensor? You can quit worrying about
the Hall sensor if you have a 89 or later non-turbo or 90 or later turbo. The
Hall sensor is gone in favor of the RPM sensor on top of bell housing. In
these cars, there is no plastic wiring connector on the side of the distributor
plate and no wires into the distributor other than the high-tension spark
leads to the cap. The illustration shows the Hall Sensor distributor and the

DL RIS e SEiE LH2.2 Hall Sensor Distributor, Courtesy

FCPGroton

Testing Hall Sensor. Failure Modes. The Hall Sensor distributor can fail through broken wiring insulation, a broken
wiring connector at the side (this embrittles over time due to engine heat), or a failed Hall Sensor.

Quick Hall sensor test:[Note from Dave] the tachometer needle does jump slighty as you crank engine over if the Hall
sensor is working, but the needle lays dead if the sensor is not working.



Full Hall Sensor Test: Undo the distributor connector. When the ignition is ON the Voltage between positive terminal
(red lead -Nr. 3) and ground should be approx. 11V. Voltage between (blue lead - Nr.2; middle one) and ground should
be 5V although if you put it on a scope you would see the sharp rise and fall from 12v to ground as the distributor
rotates. Pulse frequency varies as rpm is increased. . Resistance between (black lead - Nr. 1) and ground should be
close to zero Ohms. Undo connector from the control unit (above the brake pedal) and remove the sealing washers
(plastic inserts on the side of the connector). Replace connector without cover or sealing washers.

- Disconnect the/red and blue leads from ignition coil. - Measure voltage between terminal 24 at rear of control unit
connector (blue lead) and ground. NOTE: Connector must be attached to control unit. Switch on ignition. Turn
crankshaft by hand. Voltage should indicate OVER 1.8V each time a vane passes Hall generator. Instrument should
read approx."0" (O - 0.7V) each time an opening passes Hall generator. The correct voltage is less than 0.7V or more
than 1.8V.

Replacing RPM or Hall Sensors.

RPM Sensor: If your car is a non-turbo 89+ or turbo 90+ model then it has a flywheel reading RPM/Position sensor that
is down below the rear of the cylinder head, mounted on the bellhousing through a bracket retained by one bolt that
should be a 10mm head on a 89. It is connected to wires above the engine on the firewall. CAUTION: [Chris Herbst]
Never pry the RPM sensor out of the flimsy internal bracket to which it is attached. Spray a tiny bit of penetrant around it
if you have to, but not enough to leak down on the clutch if it's a manual trans car. And if you have the trans out for any
reason, take the RPM sensor out--whether or not you reuse it--and coat it LIGHTLY with a film of grease. That will avoid
the problem, should the sensor need replacement in the future. See Crank Position Sensor for more information.

Hall Sensor: If it is 89 turbo or pre-89 NA then it has a Hall switch that is in the distributor to sense engine rotations.
The Hall switch is tough as it requires that you knock out a pin and pull out the shaft, then VERY carefully drill out a
couple of pins that retain the hall switch. Then you have to be very careful about supporting the distributor base while
bradding the retainer pins to retain the new hall switch. If you slip while bradding the pins then you punch out a hole in
the base and then you need a new distributor. [Response:] Changing that is not for the novice. It is riveted into the
distributor. Some dealers offer rebuilt exchange on the distributors. Before you jump to the hall sensor, carefully
examine the wires from the firewall to the distributor, which sometimes break inside from years of flexing. These can be
repaired with a little work. Also, check the brittle plastic connector where the wires go into the distributor. This can cause
intermittent shorting. The plastic fitting is Volvo PN 1346793, about $3.00 as | recall. If you are going to remove the
distributor for any reason, carefully scribe a mark to return it to its exact former position so as not to change the timing
(the holes in the distributor are slotted). Finally, check for any shaft wear on the distributor: wobbling is abnormal.

Removing the Distributor Shaft. [Response: John Sargent] The hardened pin in the drive dog can be tough to remove
in order to take out the shaft and tigger wheel. | have a drill press vice which has a V-groove in it for gripping shatfts. |
clamp the shaft in the drill press vice, and drive the pin out. You will have to have a good pin punch of the right size.
You may break or bend a pin punch that is too small. Take carefull note of the previous post regarding the rivets. The
pot metal base is easy to damage. A good alternative is to buy the base complete with Hall sensor and seals from IPS
in Boise for just under $100. The Hall sensor runs over $60 from Volvo, and RPR quoted me about $90. [Jim] Mark the
slot drive in relation to the rotor notch- it can be installed 180 degrees out. Punch the retainer pin out- use a good punch
and a solid surface to support the drive. The pins can be quite tight. Remove the drive, collect and count the thrust
washers, remove the shaft from the housing and collect those washers too. There may be some fiber washers which
are not replaceable. There is a serrated steel washer peened into the aluminum housing- pry it out, trying not too bend it
too badly- It can be straightened with a hammer if need be. Pop the seal out, clean the housing, push the new one in,
carefully tap the steel washer in ( don't worry about peening it in- it can't go anywhere anyway. Assembly is reverse of
removal.

Replacing the Hall Sensor. [Response: Jim] Plan to use a Dremel or die grinder to grind off the two rivets or you will
punch out the thin aluminum of the housing, and will be buying a new distributor. [Response:] I've done few of these.
Never alone, however. Drill out the old rivets carefully and pry out the sensor. Next, have an assistant you can trust
with approximately $ 70.00 hold the new sensor in its proper place on the distributor plate. Place a steel punch of
roughly same diameter as the rivets into the bench wise. Have the assistant hold the D. plate in such a way that the
rivet is directly over the punch. Now, YOU, using the second punch and a hammer CAREFULLY hit the top part of the
rivet. It will take MANY hits since these darn rivets are made of steel. The key here is steady hands, and frequent
breaks. One wrong move, and you are done. Simple physics tell you which, steel or aluminum will crack first under



constant hammering. This is akin to putting a horse shoe onto an a hard boiled egg, possible but very nerve wracking.
[Response: Jim] To rivet the new sensor in place, take a 5/16 bolt about 5 inches long and drill a depression in the end
of it to just fit over the end of the rivet in the new switch. You also must grind the end down in diameter so it is only
supporting the rivet, and not touching the plastic. Grab the bolt in a vise, get a friend to hold the distributor in place, and
carefully peen the rivets. | have a very small chisel that works well, or a centerpunch will do the job. Don't overtighten
the rivets- all that is needed is to keep the switch solid.

[Response: DanW] Don't let these warnings scare you off. It is really not a difficult job. When | replaced the hall effect
sensor on my daughter's car, | followed the advice of my local mechanic and instead of peening the rivets | used JB
Weld to fasten the new sensor in place. There are two or three O-rings that you should also replace. Replace the
sensor connector and plastic ring which keeps the wires out of the rotating sensor wheel. My own caution: There are
steel and fiber washers on the shaft. Keep track of their order and be very careful with the fiber washers. They are
fragile (Don't ask.) and no one seems to have replacements. This is not a tough job. Just be careful and you can save
yourself about $200 in parts alone. | bought new plugs, wires, cap, and rotor when | did this job. Total cost was about
$200.

Reliability Tip. | would throw in a junkyard distributor to get back on the road, rebuild the original distributor with a new
sensor, seals etc. at my leisure, and then swap in the rebuilt unit. This is one of the very few failures that can stop your
740 completely, so a big confidence boost can be gained by having a good spare distributor on board. It's hard to reach,
but a practical road-side repair to change distributors.

Hall Switch Distributor Connector. While replacing the distributor cap and rotor on the 87 764T the Hall switch
connector at the distributor cracked off some of the old plastic and wouldn't stay on the distributor base. Didn't crack any

wires/insulation. This distributor is used at least through 90 (my 90
740T has the part) and so did an 86 B230FT engine | used the long
block on the 87. (lllustration courtesy of Mike Ponte)

Removing the Wires. [Jim] The black wire retainer is usually broken
away from the housing. | have found the best way to get the wires out
is to VERY carefully grind the plastic away, finishing with the wire Distributor with Hall Sensor Connector
wheel, until the tab holding the individual wire in is free. Don't mix the
wires up- the new housing is marked + and -. The white wire holddown
will come off with a little screwdriver work.

Repair. The repair was quick and dirty...I mixed up some loctite filled
epoxy and glued in the connector. The stuff sets up quickly and |

baked it at warm (lowest possible setting) in the kitchen oven for 5
minutes. Seems to be working since | put it together and am driving the car. If it blows | still have the distributor from the
86 engine with the unbroken connector. [The plug is available at the dealer. | got one a year ago. | think | paid $6.00.]

Wiring at the Connector. [Tip from John Sargent] Here is the correct wiring at the sensor connector in case your wires
came out. Looking down on the top of the distributor, with the Hall effect connector down, left to right: black, green,
red.

Distributor R&R and Shaft Seal Replacement. Oil leakage from the distributor on engines with camshaft-mounted
distributors usually originates at the distributor shaft o-rings. High engine temperatures can cause these o-rings to
shrink. There are three seals: two outer o-rings and an internal shaft seal under the drive dogs. [Editor's Note: See
Michael Ponte's excellent illustrations at http://www.mikeponte.com/volvo/dist.htm These picture a pre-89 distributor

with a Hall switch, but are similar to newer ones as well.] Copies below:

[Inquiry:] I have the
beginnings of an oil
leak at the distributor
o-rings (just beneath



http://www.mikeponte.com/volvo/dist.htm

the shaft on the
B230F distributor.)
According to
Chilton's, it's easy to
pull the cover, cap
and rotor, remove
the shaft, and pull the
distributor out to
replace both the big dust cover o-ring as well as the smaller o-ring inside on the shaft. Has anyone actually done this?
Is access a problem? How about replacing the distributor: do you have to pay close attention to shaft alignment?
[Another Related Inquiry regarding Timing:] My distributor appears to be seeping a small amount of oil on my 93 940
(sohc engine). | noticed this while doing the 90 kmiles service. | also noticed the PO or his mechanic ditched the plastic
dust shield. First thing Monday, I'll get the dust cap as I'm thinking it will keep the rotor and inside the cap clean. But I'm
thinking maybe its time to replace those nasty o-rings. Just one question, my book claims the timing is not adjustable.
I'm kind of wondering how do | set the timing, if | pull the distributor and replace those o-rings? | can't find any info on
this in my books.

Rear of Cylinder Head Distributor O-Ring (Two are present)

Removing the Distributor: [Editor's Note:] The spark plug high-tension leads will probably be tough to remove if you did
not use dielectric grease on the boots last time they were installed. Gently pry up the boots about one centimeter with a
blunt blade that won't scratch the cap, then pull them off while holding the tops of the boots. [Response 1: Don Willson]
Mark the spark plug wires and the Hall connector down below (if your car has one) and push the connector "hair pin* in
and pull down. Remove the three cap screws with an 8 mm metric open end wrench. The screws in the cap are
captive and will not drop out. [Hall switch distributors: Mark the position on the locking screws on the adjustment slot.
Non-Hall distributors have a self-aligning plastic device, but you may want to mark the location of the distributor on the
cam anyway] Pull the cap straight back. Remove the two 10mm distributor plate bolts. Pull distributor straight out the
back, noting the position of the plate, rotor and offset eared drive cog. Draw a diagram so you can reinstall everything
correctly and not 180 degrees out of alignment. Now is the time to test for shaft wear and wobbling.

O-Rings:
There are two outer o-rings on the distributor shaft visible when you pull out the distributor. [Kevin Lawlor] The small o-
ring fits on the end of the shaft and the large o-ring fits on the housing. Use a little Vaseline to install easily. [Tip from

JohnB] There are three O-rings, but the inside one (the center shaft seal,
see below) is almost impossible to replace, just forget it. The big O ring on
the housing is generally the leaker and the little ring on the shaft helps to
keep oil out of the distributor itself. [John Sargent] According to Volvo TSB
of March, 1988, you should use the green o-rings made of improved
elastomer rather than black rings. Distributor Shaft Seal Kit

Center Shaft Seal There is a center shaft seal inside the distributor plate
that dries out and leaks oil. This shaft seal is hard to find.

Where to Find Center Shaft Seal: [Tip from John Sargent] If you have
distributor shaft seal leaks in the 700 series with B230 engines (cam driven

distributor on rear of head), the distributor o-rings are available from Volvo,

but the shaft seal is not. A few weeks ago | even looked in the parts manual, and the shaft seal is not shown. Jim
found that Honda part #91205-KF0-003 is a replacement for this seal. It works perfect. However, it is not stocked by
many Honda mower dealers, and some want a $7.50 service fee to order a non-stocked part. The seal is about $2.50
US from Honda (#91205-KF0-003 Honda or Transcom #12X20X4TC). This seal is simply a metric seal, 12mm X 20mm
X 5mm. It is for a 12mm shaft, it is 20mm OD, and 5mm thick. It is also a rubber coated (that's good) seal with two lips.
As near as | can tell, the original seal Volvo used came both rubber coated and non-coated, and appears to be a single
lip seal although I can't tell for sure. Now for the substitutions. Chicago Rawhide seal 4701 is exactly the same with a
single lip. Transcom seal #12X20X4TC is a double lip seal, rubber coated, that is 4mm thick. That is what is in the
distributor in my wife's 745T. When | installed the seal, | set it with the outer edge flush with the distributor housing.
There is a 1mm gap behind it which won't hurt anything. You could also set it all the way back in the housing, and it
should also be fine. It fits tight, and | doubt that it would ever move out against the seal retainer. The Transcom seal
cost $1.82 US from a local bearing sales house. For those of you who can't get those brands of seals, simply contact a
bearing supply company and tell them you want a 12mm X 20 mm X 5mm seal, preferably rubber coated with double
lips.



How to Replace Center Shaft Seal: See John Sargent's excellent illustrated procedure to understand how to do this.
[Procedure from Jim] To do this job, you need the seal (see above). Most likely, this is a good time to change the Hall
sensor as well: see below.

Here are the basic instructions- ignore the bits about the parts you are not changing. Remove the distributor cap, rotor,
and plastic shield, and remove the distributor from the head. Mark the slot drive in relation to the rotor notch- it can be
installed 180 degrees out of alignment. Punch the retainer pin out- use a good punch and a solid surface to support the
drive. The pins can be quite tight and it takes some determination with a pin punch to drive it out. For a special tool to
do this, see the Special Tools FAQ section. Remove the drive, collect and count the thrust washers, remove the shaft
from the housing and collect those washers too. There is a serrated steel washer peened into the aluminum housing-
pry it out, trying not too bend it too badly- It can be straightened with a hammer if need be. Pop the seal out, clean the
housing, push the new one in, carefully tap the steel washer in (don't worry about peening it in- it can't go anywhere
anyway. Assembly is reverse of removal. [Contrary thoughts from Chris Herbst] Can | make a logical suggestion straight
from the shop? Replace the whole distributor. On an 89 it is not an expensive proposition because there's no hall effect
sensor on the distributor. The distributors for the later models are much less expensive, and you will drive yourself crazy
trying to repair the inner shaft seal in the distributor as it is now. | hate that job and have since given in to replacement,
which is often against my basic principles. In this case, it's such a breeze to replace the whole distributor that it wouldn't
make sense to replace the center seal. Fiber Washers. If you have fiber washers in your distributor and you break one
or more during removal, go to Home Depot, buy some similar washers, and drill or file and hand-sand the inner hole
until it fits the shaft. The dealer will often be of no help with these small parts.

Orientation: Mark all removed pieces and their orientation. The cogged driver can be installed 180 degrees in reverse
and the car will not start.

[Pin Removal Tip from Tom Irwin:] The solid pin should be much easier. Generally, pressing the pin out with static force
works better than shock force. Use a vise with a counterbored block of solid material in the rear jaw to support the shaft
against compressive force, then at the front jaw, use a hardened pin or drill bit as a drift and squeeze it up gently. A
large nut in the rear jaw should be all the fixture you need, maybe Dremel it out to roughly match the contour of the
shaft. When the pin extends enough out of the shaft, grab it up with a vise grip and yank it out.

Older Distributors using Hall Sensors: Wiring Connector Repair. While the distributor is off check the 'housing’
carefully...that's the official Volvo part name for the little black connector that has three blades in it that connects the Hall
effect sensor to the wiring harness. It's about $3.00 or so and breaks down in 10 years of oil and heat and engine
washes. It's fairly difficult to reinstall...strong fingers and a pliers required. Needle nose maybe to pull the blades

entirely into the housing once the housing is on the distributor body.
But the housing replacement is thoroughly gratifying if the connector
was just hanging there. FWIW, | tried to repair/replace the housing
with epoxy and it just didn't hold. [Tip: JohnB] The black plastic
housing for the ignition trigger connector is replaceable...you don't
need to get a new distributor to replace it. Highly recommend you
replace it. Distributor with Hall Sensor Connector

Older Distributors using Hall Sensors: Hall Sensor Replacement
Fix or Buy? [Tip from Bruce] The procedure requires some skills (see

Jim's remarks below.) If you can locate a Bosch aftermarket source or
an independant Volvo repair center try to get a complete new

distributor, cap and rotor as one unit. They are not cheap. Price out
the Hall switch, o-rings and cap and rotor. You may not be much less that the price of a complete new unit. Shop
around for a Bosch service center or and independent Volvo repair center who may sell you the complete Bosch unit
cheaper that a Volvo brand unit.

Hall Sensor Replacement Procedure. [Tips from Jim] If you rebuild the distributor shaft seals, then it may be a good
time to change the wire connector for the hall effect switch, Volvo p/n 1346793, and the hold-down for the wires to keep
them fron hitting the rotating parts, Volvo p/n 1346794. In case you are not aware of it, the hall effect switch is available
separately from the housing for a bunch less money than a whole distributor, too. Volvo p/n 1346792. A few
blacksmithing skills are needed for that part of the job, but it is not too tough. | have found the only way to check the hall
switch is with a lab scope, but also find that a car with 250,000 km or more almost always runs better with a new one. |
guess after it has turned on and off a couple of billion times, the magnet or transistor or whatever starts to get weak,



and won't give a clean voltage change.

The black wire retainer is usually broken away from the housing. | have found the best way to get the wires out is to
VERY carefully grind the plastic away, finishing with the wire wheel, until the tab holding the individual wire in is free.
Don't mix the wires up- the new housing is marked

+ and -. The white wire hold-down will come off with a little screwdriver work. To change the hall switch, there are two
tricks- the first is to use a Dremel or die grinder to grind off the two rivets. Otherwise, you will punch out the thin
aluminum of the housing, and will be buying a new distributor. | know this, because | have a test unit at the shop with
the switch epoxied in! The other trick is to take a 5/16 bolt about 5 inches long and drill a depression in the end of it to
just fit over the end of the rivet in the new switch. You also must grind the end down in diameter so it is only supporting
the rivet, and not touching the plastic. Grab the bolt in a vise, get a friend to hold the distributor in place, and carefully
peen the rivets. | have a very small chisel that works well, or a centerpunch will do the job. Don't overtighten the rivets-
all that is needed is to keep the switch solid. For this part of the job, somebody who has riveted things in the old days
with a hammer can be a useful ally.

Newer Distributors using RPM Sensors: [Response: Abe Crombie] The ignition system uses a crankshaft reading RPM
sensor for timing. The distributor has no bearing on timing. Take note of the position of distributor by looking with a
mirror at the relative length of distributor adjustment slots where bolts go in. You may not need to do this as there
should be a plastic piece in one of the bolt holes that positions the distributor housing. The distributor only goes into
cam in one possible position due to the offset slot that drives distributor via an offset eared piece. When you pull
distributor shaft out to replace the shaft seal take careful note of position of the eared drive cog so it can be put back in
the same place and not 180 degrees off.

Re-installing the Distributor: Put new O-rings on (big one on housing and little one on shaft lubed with Vaseline) and
use antiseize on the aluminum housing bolts. Use antiseize paste on the aluminum body of the distributor, just a fine
film will do...helps to get it out next time.

[Editor's Note: the newer distributor uses a black plastic alignment insert in one of the mounting flanges that centers a
10 mm fastener - setting it right for both sides, to ensure the distributor is re-installed correctly. Don't move this fitting
when you disassemble the distributor] The rotor is installed in one direction only, matching the slot on the shaft with the
ridge inside the rotor. [John Sargent] Take the cap off before installing the distributor. Use engine oil as a lube on the
distributor base and o-ring. When you turn the rotor to where the drive cog matches the cam, the distributor will slide
into place. Push it in using your fingers positioned near the inner circumference of the distributor, not the outer portion. If
it does not slide into position, the cog is 180 degrees out of phase. [Tom Irwin] If you didn't have the plastic fitting or
failed to mark the location of the distributor on the head, don't worry. The ECM will make enough correction to get
around almost anything you have done. Try and look at the surface of the flange and see if you can tell where the
clamping bolt was seated. Aim for that. If all else fails, you could disable the electronic advance and base time the
thing. | really don't think it will matter much. If in doubt, aim for the middle.

Make sure you have a dustcap installed under the rotor....it serves to keep crap from the hall sensor innards as well as
oil from the engine from getting to the inside of the distributor cap. | found out a year after the dealer had re-O-ringed
the distributor and replaced the ignition wires (don't ask...| now do my own O-ringing there) that the clown had left off
the dust cap. It's a few bucks at the dealer too...un-obtainable at auto stores. The dust cap is pre-installed on Bosch
caps.

Use silicone dielectric grease on the spark high-tension lead boots to make both installation and removal easier. Use
your finger to align the metal lead in the boot into the cap, then push down hard. It snaps home when correctly installed
and you cannot easily pull the lead back off. If it won't snap home, then make sure you have not bent the metal
connector.

Re-installing the Hall Sensor Distributor: Check your timing when you put it back...l found out mine was at 5 degrees
BTC vice the 12 in the manual...makes a noticeable difference in bottom end torque when you launch!!!

Engine Hesitates When Humid. [Inquiry:] During periods of great humidity while driving at normal operating
temperature, engine cuts out and then after a second or 2 (sometimes more) it picks back up or stalls. If it stalls
sometimes it will start back up sometimes it won't; In this situation (not starting back up) engine turns over but
absolutely no ignition. This model is a 760 with turbo and intercooler.

[Response:] The secondary ignition parts are the first suspects for your trouble. The rotor can develop a hole from spark
hunting a place to go. The hole will be from center of rotor where distributor cap contact touches through to underside



where it sticks onto shaft. This effectively shorts out spark. If, when you say "no ignition" you mean no spark out of coll
wire, then you needn't look at cap, rotor, & wires. Then look for arcing coil top. The coil can develop an internal short
where the hole where coil wire inserts gets a crack that allows the spark to jump to one of the other leads killing spark.
OR your hall switch is defective. If the hall switch or the hall switch (hall switch= sensor assy. inside dist) connector is
the problem then you will see tachometer die INSTANTLY when problem occurs, i.e. tach drops to 0 before the engine
actually quits turning. Corrosion at the power stage connector (black and gray unit wire connector behind and a few
inches below headlight level on driver's side inner fender behind air cleaner if it's a non-turbo) will cause it to die with
instant tach loss also.

Distributor Shaft Wear. [Andrew Smith] After noticing stumbling and misfire, | discovered that my distributor had
mechanically failed at 110k miles: the shaft wobbled and allowed the rotor to contact the cap. A new distributor solved
the problem. Check for this whenever removing the distributor.

Ignition Amplifier (Power Stage) Failure.

Engine Stops Dead at 60MPH. [Inquiry: driving down the highway at @ 60mph with 1/4 tank of gas in
100 degree temp in well kept 84 760 Turbo; car just dies, engine turns over but will not start]

[Response:] Well, when my '84 760 Turbo died for no apparent reason as you describe, it was in the |lgnition
freezing dark, going over Donner Pass. Everything on the car worked except no spark and the engine
wouldn't run. It turned out to be the ignition module, which is mounted on the inner driver's side fender

well, above the battery, close to where someone else mentioned the ballast resistor was located. It's easy to get to and
replace. If that turns out to be the culprit, shop around before buying the new part. Volvo dealers charge several
hundred $$$ for this thing, but | found one from an independent parts distributor for about $90 - the identical part made
by BOSCH with the same part number on it.

Intermittent Ignition Failure. Symptoms. As you are all well aware, intermittent problems are a b*tch to correct.
However, last night, the car started fine but stalled halfway out of the garage and would not restart as has happened
several times before. I've always suspected an ignition fault rather than fuel as the engine dies instantly when it
happens. No sputtering, rough running or anything like that, it's like the key was turned off. Other Symptoms Which
May be Related to This Failure Mode: The car will start and then die, or refuse to start again until it's cooled off, or just
not start period. or just randomly die or misfire under load. However, note that no-hot-restart problems are usually
related to failing fuel injection relays, rpm sensors, or radio suppression relays.

First thing | did was hook up my timing light and had one of the boys aim it at me while | cranked it over. No indication
of currant flow in the plug wire. Now | can dismiss the fuel/fuel injection system (I think). Next | connect my Fluke Meter
to ground and the positive lead to the positive side of the coil and switch on the ignition to the run position. No Voltage!
| ran back into the house to get a jumper lead - | was going to run it directly from the battery to the coil but when | tested
for voltage again it was there. Get in the car and it started right up and died before | could put it in gear. Open the hood
and check for voltage at the coil and it's gone. Now, w/o touching the key (I'd left it in the run position), and without
"tapping" anything with a hammer or "jiggling" any wires, | test both sides of the coil for voltage again. | test the positive
side of the low tension ckt and it's O volts w/ respect to ground, test the other low tension lead and it to is O volts w/
respect to ground. Test the positive side once more and the voltage is back! Get in, start the car and it runs fine.
Anyone know what might be causing this? [Response: Randy Holst] From a similar experience | had with my (now
departed) '84 760T, | would suggest that it is the ignition amplifier module, which is mounted on a heat sink on the inner
driver's side fender well behind the headlight. At a very inopportune time and location, mine quit working when | closed
the hood while the engine was running. The engine immediately quit as though someone had turned off the ignition.
The result was no spark, no juice to the coil and no amount of fiddling around would change anything. (Long story
about having the car towed, isolating the problem and having a replacement part flown in omitted.) Replacing the
ignition control module cured the problem and it never reoccurred. [Editor] Test the ignition coil if this occurs to make
sure it did not cause the failure.

Engine Stops: Loose Power Stage Amplifier Fails Due to Overheat:
[Tips from lan Afford/Peter Day] A month ago my 740 (B230E) died on me. The RAC man diagnosed a faulty Ignition
Amplifier Module. He also pointed out that it was slightly loose on its mountings, which he suspected might have



caused it to fail, the module uses the bodywork to conduct the heat away keeping it cool, and because it was loose it
might have been overheating. So | suggest that you find this module (on my Bosch-powered engine it is fixed to the
side of the engine compartment next to the air cleaner box) and check it is secure, it might also be worth removing it
and cleaning the mating surfaces in order to achieve a good thermal contact. In order to allow the power output stage
of the ignition amplifier to cool correctly, you need to apply some heat sink compound (thermal grease) to both the flat
mating surfaces between the amplifier case and the fender to improve cooling.. This will allow an even heat dissipation
and prevent the transistors in the amplifier from overheating. You can buy the grease at Radio Shack or at an
electronics supply store. Rex/Regina Note: In these systems, the power amplifier is integrated with the coil. See also the
symptoms described in the Engine: Performance section under Power Stage Failure.

Very Poor Idle; Power Stage Overheating: [Tip from Stephen C] After the engine heated up or when under hood temps
are high, it would idle like crap and die frequently. | took a water hose and cooled the power stage down and it would
idle great for 10 min+. Worth a try, just to see. [AlexZ] The power stage can fail in weird ways, resulting in odd running.
Considering its price and ease of installation, you may as well replace it.

Engine Cuts Out; Tach Drops. [Inquiry:] | was on a long trip today, and my normally fearless 760 ( 270K) actually shut
down on me a couple of times. Once | got it up to 70-75 mph, the engine cut out and the tach needle bottomed out until
| took my foot off the throttle and restarted the engine, at which point it ran fine. It had an episode where it would get up
to hwy cruising speed, start to cut out, the tach needle shaking all over the place, and then smoothing out once | took
my foot off the gas. Does this sound familiar to anyone? [Response: Abe Crombie] Two things come to mind when you
have an cut-out with an instant tachometer drop chaser: 1. the rpm sensor behind and below cylinder head that reads
perforated surface on flywheel is going open 2. the ignition power stage has a faulty connection or is faulty.

Failure to Start; Flywheel Sensor Bad. [Inquiry:]My 1990 740GL Bosch LH 2.4 has been having trouble starting for
the last few months. | replaced the cap, rotor, plugs and fuel pump relay. The wiring harness looks fine. Today it refused
to start at all. Cranks fine, but no spark. | unplugged and re-plugged the flywheel position sensor at the firewall and it
started! The contacts looked OK, but | cleaned them and put on some dielectric grease. Now we'll see if that did it.
Question: | remember some talk on the list awhile back about a recall or TSB on faulty flywheel position sensors
(impulse sensor) on late '80s 740s. | can't find the message on my hard drive. | seem to recall that the model with a
yellow band was either the good one or the bad one. Mine is yellow. [Response:] The newer kind has a white band, as
opposed to the older style yellow band. Replacement takes about 10 minutes.

Timing Unstable; Harmonic Balancer Failing. [Inquiry:] While checking the timing with my timing light, the timing
mark on the flywheel keeps moving counter-clockwise all the way around the flywheel. No Kidding! Looks like a slow
pinwheel or something. The only thing | can think of is the distrubutor (hall sensor) is changing value. Has anyone ever
heard of such a thing? [Response: Abe Crombie] Your harmonic balancer is slipping. The timing mark is carried on the
outer pulley which is rubber mounted from the inner crank bolted piece. You will need to replace it in order to get a
correct timing adjustment if it is slipping while you watch as you describe. Chalk mark the inner piece and watch and
see if the mark placed there does in fact stay still to confirm the balancer failure. [Response: Don Foster] | think you
mean the front pulley, not the flywheel. It's a "sandwich" assembly, with the outer portion (having the timing marks)
attached to the inner portion—which is firmly engaged to the engine—by a rubber vibration isolator "donut." When the
rubber-to-steel bond finally fails, the outer portion of the pulley can slip away from alignment with the crank, giving the
appearance of wandering timing. Certain repair procedures, such as grabbing the pulley with a strap wrench, can tear
this bond. [Editor:] See Harmonic Balancer Failure for more information.

Timing Off; Ring Gear Out of Position. [Tip from John Sargent] If your flywheel has been replaced and you are
experiencing timing problems, check the position of the ring gear which determines timing. To check this, remove the
starter and position the engine on TDC for number one cylinder. There are 58 holes on the timing ring, with a void of
two holes (room for 60 holes, total). The void will be at the bottom of the starter opening if the ring gear is installed



properly. See other timing tips in Engine Performance.

Ignition Coil Failure and Testing. [adapted from Import Car Magazine, Feb 03]

Why Coils Fail. Because worn spark plugs and open-circuit spark plug wires force ignition coils to operate at maximum
output, neglected ignition system maintenance is the most common cause of modern ignition coil failure. As the spark
plug air gap widens due to normal erosion, increased voltage is required to create a spark in the combustion chamber.
This increased voltage, in turn, demands more current flow through the coil’'s primary circuit. And, this increased primary
current flow can overload the power stage primary transistor. The increased secondary current created by the ignition
coil also can increase to the point that it perforates the secondary circuit in the coil itself. Defective ignition coils are also
notoriously sensitive to extreme changes in ambient temperature and humidity.

How to Test The Coail. All ignition coils may be tested by measuring, a) open-circuit spark output, b) passive resistance
in the primary and secondary coil circuits, and c) the current rise or "ramp" through the primary windings. The open-
circuit spark test indicates a good coil when it produces a bright blue spark that jumps a 1/4-inch gap on a spark tester.
This test simultaneously tests the integrity of the triggering system and ignition coil. If spark isn’t present, measuring for
a switching action at the negative primary coil terminal is the next step. Because a conventional test light may not detect
triggering durations or "dwell times" of as little as seven to 10 degrees of crankshaft rotation on modern ignition
systems, the triggering or switching action should be measured with a lab scope or digital multimeter. Although the
resistance test is not a definitive measure of a coil’s electrical integrity, a coil should be replaced if the resistance values
don't fall within specifications:

Volvo coil specs for resistance in the windings:

lanition Tvpe Primary Resistance: Secondary Resistance: Terminals 1
9 yp Terminals 1 & 15 and High

BOS_Ch EZK (Bosch coil p/n 0.6 to 0.9 ohms 7.0 to 8.5 k-ohms

ending -005)

Bendix Rex 1/Regina) (coil p/n 0.5 to 0.6 ohms 5.0 to 7.0 k-ohms

ending -004A

Using a low-amperage current probe to measure the current "ramp" through the primary ignition circuit is perhaps the
most definitive method of determining the electrical integrity of the coil and the quality of the triggering action. Many
defective ignition coils, for example, will pass a resistance test, but fail a current ramp test.

When to Buy a New Coil. Consider a new coil if your power stage fails and the coil fails these tests; if your ignition wires
fail and the coil fails these tests; or if you have an ignition-related failure that seems to be highly correlated with
temperature and humidity. A coil should also be replaced if it shows traces of spark perforation, carbon tracking or
overheating. Bosch coils seem exceptionally robust in service. Rex/Regina coils fail far more frequently.

Testing the Timing Using a Timing Light. [Mark Stites/Gene Stevens| The typical timing light will have three leads:,red that goes
to battery positive, black that goes to battery negative, and athird lead will hook up to the number one spark plug. Most lights
anymore are inductive, this ssmply means that the lead will just go around the spark plug wire. Older models or cheaper ones you
will need to take the spark plug wire off of the plug and the lead will plug in between the wire and the spark plug itself. Asfar as
reading it goes, if you are looking at your typical red engine B230 scale you will see that the scale is on the lower timing cover and
that thereis asmall groove cut into the front pulley. Find the scale and the groove on the pulley, clean them, and put alittle bit of
white paint on to see the marks better. Y ou may have to reposition the engine pulley with a short burst of the starter to find the notch
on the rear lip of the pulley.

With engine still off, connect the wires to battery and spark plug wire, hold the timing light above the height of the engine and point
the light toward the lower pulley. Move the light around as though you are using a flashlight looking for the right angle to point it.
The light won't blink so you'll have to pretend. If any of the wires can drape near ANY pulleys, belts or the fan blade - reroute them
under hoses or tie them away. VERY VERY IMPORTANT!... the strobe light will make moving things look like they are
stationary. Get your fingers or tools too close and you will find out that they are moving. Do not lower the light any closer than the



top of the radiator. If the distributor needs to be loosened to change the timing, do it with the engine off and leave the nut "drag
tight" so you can turn it easily and it will stay there. Tighten nut with engine off and start engine to recheck. Do not put your tools
above the radiator where the wire or your free hand could knock them into the fan.

The light will flash everytime the number one plug fires and it will give away the position of the groove in the pulley relative to the
timing scale. If you look closely at the scale you will seethat the "0" mark is actually flat on the front of the cover and that the rest
of the scaleis on aroughly triangular piece that protrudes from the cover, this piece starts counting at 5 but | believe the first actual
number you will seeis"10". Volvo timing scales are alittle on the funky side compared to the rest of the world. Y ou will want to
set your timing at 12 degrees before top dead center. The engine rotates clockwise so the scale you look at only shows you numbers
before the zero and none after. Thisis because your timing is set at 12 before and only advances past that i.e. 20 before, 30 before.
So there is no need for an after top dead center scale. When you see numbers like 12 BTDC, the BTDC means Before Top Dead
Center.

Learning is fun but you have to finish the job with the same number of fingers and eyes that you started with.

Ignition Switch:

Car Starts but All Electricals Are Dead: Ignition Switch. [Inquiry:] | can start my car but all the auxiliary electricals
are dead. Diagnostics. [Rob Bareiss/Bruce] When the ignition switch fails, often the accessories don't all turn on.
People report that the radio doesn't work, or the ABS light is stuck on, the starter won't disengage etc. These are
normally turned OFF in the Start position (KP IlI) but then revert to ON in KP II. If the switch is sticky, it doesn't return
fully to KP II. Or the ignition switch has a dead spot. Move the key toward start a little, from the run position, and you
may! find the dead spot. Replace the electrical part of the ignition switch.You'll probably be pleasantly surprised that the
switch is not very expensive either. This is common for all 240's and 700's with the ignition key located in the dash,
especially when people use a heavy key fob attached to their ignition keys.

Ignition Switch Replacement in 740/940.

Changing Rear Electrical Part of Switch. [Rick Tilghman/Bill/Jim/Editor] First disconnect the
battery negative, then remove the instrument cluster. Disconnect the switch harness connector
by pulling straight off the back toward the front of the car. The electrical portion of the switch is |Ignition Switch-Electrical
just held on with two 3/16 inch slot head screws, the lower of which is difficult to access. A real |Portion

short 3/16 inch flat blade screwdriver (< one inch) or an offset ratcheting screwdriver is
essential since a frame member is in the way. You have to work almost totally by feel because
the screws face toward the front of the car. Also essential are a mirror, a lamp or flashlight, and
a magnet to retrieve the inevitable dropped screw. Once you get the screws off, just pop the

old switch off and the new one on and replace both wire and screws.
Changing Lock Cylinder Mechanism of Switch: Lock in Panel (740/940). [Response from Bob] You don't have to

remove the steering wheel under normal circumstances. The method for removing the lock
cylinder is to remove top and bottom steering column covers and the panel on the driver's side
footwell under the column. Insert key, turn to position 2. There is a small pin in the lock casting
on the top just behind the chrome front of the barrel (about 1" from end of lock cylinder). At key
position 2, depress this pin and the whole barrel pulls out. If stuck, push it from the rear. If you
have drilled out the lock, this method may or may not work. Try turning to position 2 with your
screwdriver, press the button and see if it will come out. The button is brass colored, about 1/8

Ignition L ock-Mechanical
Portion

inch in diameter. It doesn't move very far. All it does is release the spring clip that holds the cylinder in. If you can't get it
out, you may have to pull the column out and press off the whole lock assy.

Lock in Steering Column (760). [Procedure from Mark O'Connell] | have replaced my lock on my 1989 765t with the lock
in the steering column. Do this before the lock will no longer turn!!!l..._If it's like my 89 (with the ignition lock on the
column) you have to turn the lock to the run position (position #1) and there is a small hole on the top of the cylinder
housing (assuming you have removed the plastic shroud and unplugged the connector on the back side of the cylinder
housing) insert a small drill bit into this hole and depress, this will release the lock cylinder, and it should pull right out. If
you wait until the cylinder won't turn, you have to remove the cylinder by drilling and grinding..

Lock in Steering Column (960) [Greg Murphy] The removal procedure for the ignition lock follows:



. Disconnect the negative battery terminal Wait 10 minutes to be sure the SRS system is dicharged

. Remove 4 bottom screws that hold the plastic steering column/ignition cover pieces together

. Lower the steering column to its lowest setting

. Remove the top cover (it is not necessary to remove the bottom one)

. Rotate the key to the "lI" position

. At the top of the switch housing there is a small hole. Use a small hex key to depress a latch (attached to the
cylinder within).
While pressing down, pull out the key and cylinder together.

Above Methods Fail and You Must Dirill It Out. [Another Tip] It's a bit of a nasty job, designed that way so thieves will
leave them alone. If you look up through the two holes on either side of the steering column at the level of the switch
you will see tapered silver bolt heads with a broken looking circle in the middle. Carefully drill a hole dead center in the
bolts, about 3/16 diameter, 1/4 or so deep. Any good ez-out will remove those two bolts as they are not really all that
tight when the heads break off on installation. Next step is to loosen the lower mount, 2 12mm head bolts down by the
pedals. That will let the column move down or up enough to remove two phillips head screws in the switch, which will
allow you to remove the switch with a bit of work. If your key won't turn anymore, it may be a bit tough to get the
steering lock out, but it should come. If you can't get it, you may have to remove the phillips screws that hold the metal
crossbar from the center console to the side of the car- all the plastic trim around the steering column would have to
come off to remove the crossmember as well. When you put the new switch back in, just use 2- 8mm bolts with heads
on them. Nobody goes to that much work to steal a car anymore.

Ignition Switch Replacement in 960. [Tip from Tom Irwin] I've had a few requests to explain the few easy steps to
switch out a bad ignition switch on a 95 964, and presumably other models as well. The symptoms that led me to
diagnose a bad ignition switch were:

1. On hot days when you start the car and the key position returns from 3 to 2, most of the electrical will not work. Turn
signals, headlights, power windows, the 'Ding-Dong' seat belt reminder etc. Wiggling the key a bit would cause
everything to come back on.

2. Occasionally, while driving, if your right knee should brush against the key chain, the engine will shut off. It's a little
disquieting to have that happen whilst supercruising at 90+mph, #1 lane, on the interstate. Time to fix...

That part is cheap by Volvo standards. Full Dealer Chump Price is only $37 bucks. Clayton, et al. will sell it for $26...

1. Disconnect Battery Ground cable. Wait minimum of 10 minutes for SRS system to de-energize its back up power
supply. Volvo book says to pull some other panels and disconnect the SRS trigger wire. | never saw the need to
do that so long as you respect that 10-minute wait. Remove the lower knee bolster cover, two screws, T-25 |
believe, working from the transmission hump, up and over, unsnap 1, unsnap 2, unclip 3 over below the headlight
switch. Slide the large plastic cover out towards you. Pay attention how it slides into the two receiver slots, it's
easy to screw up on reassembly. Don't forget to unclip the electrical connector from the foot well light on that
bolster cover. Look up underneath the shroud that surrounds your steering column, ignition key assembly. There
are 6 screws. 4 of them hold the 2 plastic halves together. Remove them now. The last 2 secure the bottom
plastic half to the steering column itself. Remove them too. Remove the lower plastic half, set aside. Lower the
‘Tilt-Wheel' mechanism as low as it will go. Remove the upper plastic half, set aside. Put the key in, turn to #2
position. Looking at the left side of steering column, see the bundled wire harness attached to the ignition switch?
Good. Slip a thin, flat bladed screwdriver between the harness connector and the switch body. Gently work your
way around until it comes off of the switch body, then pull it aside. Remove 2 slotted screws that hold the switch
assembly on to the steering column. Remove switch assembly and replace with new one.

2. Installation is the reverse of removal.

Ignition Key Broken Off in Lock. [Tip from Neal Wilcer ] How to remove a key broken off inside an ignition lock: take a
hacksaw blade (or a fine-tooth coping saw blade) and grind down the non-tooth side about one inch in until the
thickness of the blade is about 1/16". Slide the blade in the ignition under the broken key. When you pull back, the teeth
on the blade will grab the teeth on the key and pull the broken piece out.



Ignition Key Won't Withdraw or Won't Turn. 760-Specific Symptom. [Inquiry:] My ignition key in my 89 760T is stuck
in the cylinder (which | removed from the steering column with surprising ease). It all started with an erratic "start"
condition. | attempted to clean the ignition switch with aerosol contact cleaner but the electric portion of the ignition
switch is physically seperate from the key/tumbler area. The key goes in, but the key doesn't come out. [Response:
Bob] The most painless solution would be to order a coded lock cylinder from the dealer and just replace it. You will also
avoid the eventual "key won't turn" problem 760's are prone to. When that happens, you have to drill out the tumblers in
order to replace the cylinder. Pick up a NEW cylinder and switch and be happy. By the way, if you don't mind having a
separate key for the ignition, a non matching cylinder can be had quicker and a little cheaper.

Neutral Switch Problems. [Inquiry] Not only is the key stuck in the ignition, but the steering wheel lock won't lock. Wheel
turns freely; no feeling in the key like it's trying to drop in. [Response: Roy Key] The problem is likely in your neutral
safety switch. Are you sure the gear shift was put back into neutral? Check that first. | have seen this before and was
able to disconnect a cable that goes into the back of the ignition lock assembly that comes from the neutral safety
switch. Just pull on the cable and it will pop out, then a clicking sound, then the key will be allowed to complete its
rotation and will come out.
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Air Mass Meter Crank Position or RPM Sensor
Hall Sensor Knock Sensor
Engine Temperature Sensors EGR Valve
Diagnosing ECT Failures Pulsair Valve
960 B6304 ECT Sensor Failure Regina Air Temperature Sensor
Throttle Position Switch Regina Manifold Air Pressure Sensor
Oxygen Sensor

Abbreviations:

AMM  Air Mass Meter
ECT  Engine Coolant Temperature sensor
ECU Engine Control Unit computer (either fuel injection or ignition)

FI Fuel Injection
FPR  Fuel Pressure Regulator
IAC Idle Air Control solenoid valve

TB Throttle Body
TPS  Throttle Position Sensor
VSS  Vehicle Speed Sensor

Air Mass Meter. See FAQ section in Engine: Fuel Injection for AMM information.

Hall Sensor. See Electrical: Ignition for more details on Hall sensors in LH 2.2 and earlier
distributors.




Engine Temperature Sensors. The B230F of the vintage discussed, 1989-1995 have in effect
three temp sensors: the Engine Coolant Temperature sensor (ECT)- which has two sensors in
one housing - and the temperature gauge sensor. Two NTC thermistors are combined in one
ECT sensor housing with two connectors and ground through the housing into the manifold.
One of the temp sensor "signals" goes to the LH fuel injection computer, the other to the EZK
ignition computer. The third temp sensor is the one used by the temp gauge in the instrument
cluster. It also has two connectors, one "signal”, one "ground”. For resistance ratings, see the
link noted. The gauge sensor is at the front under intake manifold runner number two, just
ahead of the knock sensor which is bolted in at an angle. Behind the knock sensor under
manifold runner three is the ECT. When you remove any of the sensors, disconnect the battery

negative cable.

Removing the Sensors. [Inquiry] How do |
remove the gauge temperature sensor?
[Mark Duval] This is the front sensor under
intake manifold runner number two. | bought
the "stubby" 19mm combination wrench and a
19mm crow foot socket. First tried the open
end side of the stubby and although | could
get it squarely on the hex head, | could not
put enough force on the wrench to turn the
sensor. Then used the crow foot socket with
a long extension. This rotated off the hex and
cracked the electrical connection at the top of
the sensor. The answer all along was to remove the sensor's molded-on electrical connector
(destroying the sensor) and gain access to the hex with an offset 19mm box wrench or a 3/4
inch socket. [Jay Simkin] Remove the old sensor and prep the new sensor by wrapping 1/2"
wide teflon tape in two turns around the threads. Then apply grey pipe joint compound (not the
white, teflon-loaded joint compound) in a collar of compound on the underside of the sensor's
lip, above the threads. Keep the joint compound away from the threads. To reinstall, gently
screw the prepped sensor into the opening in the block. Tighten snug using a 3/4" open end
wrench. A 3/4" socket will not work, as the electrical connector housing is wider than the brass
hex fitting used to secure the sensor. Check for leaks. Tighten gently if required to stop any
leaks. Replace the knock sensor using a 12mm wrench to tighten it securely against the engine
block. Replace both electrical connectors and reconnect the battery negative.

ECT Sensor

[Editor] It helps to first remove assorted tubes and pipes, including the IAC valve and the knock
sensor nearby, which is merely bolted into the block. Removing the Engine Coolant
Temperature Sensor (the rear-most of the three sensors) is a little tougher, since it is buried
under intake manifold runner number three. [Tip from John Sargent] Removing the intake
manifold makes it less than a 30 minute job. Trying to R&R without removing the intake manifold
can lead to a broken sensor. The brass hex of the ECT is 19mm. The electrical connector is
larger than the 19mm hex and a socket or box end wrench will not fit over the electrical
connector, so you can only use an open end wrench to remove the ECT. The wiring harness
connector can be very difficult to disconnect without removing the intake manifold. Save yourself
on both agravations, just get an intake manifold gasket if the sensor needs to be replaced.



Diagnosing ECT Failures. [Response: Don Foster, adapted to 700/900 series by Editor] Your
engine has two temp sensors -- one for the gauge (it's mounted in the head about under intake
header #2, and one for the FI (it's mounted in the head about under intake header #3). The
latter is the ECT sensor.

The sensor is an NTC thermistor -- negative temperature coefficient. As the temp drops, the
resistance rises, and as the temperature rises, the resistance drops. Thus, if you have a broken
wire, defective sensor, or bad connection (I've seen it happen) the resistance measured by the
ecu will be very high or infinite. The ECU interprets this as minus a zillion degrees and pours in
the gas.

The car | saw filled the oil with gas and certainly wouldn't run. And the problem was only a
displaced spade lug in the plastic connector housing.

According to Chilton's (you may choose to disregard this):

"The coolant temperature signal to the control unit has a great influence on the computed
injection period... For example, when the engine is being started and is cold, the amount of
injected fuel must be relatively large. [Editor:;] Too rich a mixture because of a failing ECT may
lead to idle surges, high idle, poor warm running, or other symptoms of too much fuel. See
Engine Tune and Performance; Symptoms for more examples.

“If the control unit receives a signal higher than 302F (150C) or lower than -40F (-40C), it will
interpret the signal as a fault...the control unit will assume a substitute value corresponding to
32F (0C) on starting and 68F (20C) when the engine has started.

"With the control unit connected, connect a voltmeter across LH ECU terminals 13 and 5
(ground). This unit is in the passenger side footwell, under the plastic cover. Remove the cover
of the large electrical connector to access the backs of the pins for the test. Turn the ignition
switch ON.

At 68F (20C) the voltage should be 2.0 +/-.5v volts.
At 104F(40C) the voltage should be 1.2 +/- .3volts
At 176F (80C) the voltage should be .5 +/- .2volts.

The resistance values between ECU pins 13 and 5, or between each of the pins on the sensor
and ground, are (by eye from the chart):

32F (0C)-- about 6000 ohms within a range of +/- 10%

68F(20C) -- about 2300 ohms "

104F(40C) -- about 1300 ohms "

140F(60C) -- about 600 ohms "

176F(80C) -- about 300 ohms "

212F -- about 190 ohms "

[Response: Steve Ringlee] ECT resistance "cold" for LH2.4 systems should be around 6k ohms
at 32 degrees F (0 deg C), 2300-2700 ohms at 68 degrees F (20 C), and 200 at 212 F (100 C).
However, try checking your ECT wiring: Between pins 13 and 5 at the LH ECU (with sensor



DISconnected) resistance should be infinite. Voltage with the ignition ON and sensor connected,
measured between pins 13 and 5, should be:

0 C=around 3 volts +/-.5v

20C=around 2 volts +/- .5v

100C=around .3 volt +/- .1v
If these aren't correct, check the connections in the ECT wiring harness. Check engine ground
connections at the intake manifold. If the voltage is zero, your ECU is at fault.

ECT Wiring/Connector Failure. [JonP] my 1990 LH2.4 still ran rich, smoked, stumbled, and set
codes 1-1-3, 2-1-3, and others refering to rich mixture. However, during disassembly |
discovered the female connector for the ECT was damaged by one of the sensors spade pins
when someone pressed the connector on incorrectly. The pin "missed” one of the female clips
and mashed it. The local Volvo dealer parts manager has been very helpful: | described the
ECT connector problem and he gave a new connector to me with a couple of insulated pinch
connectors and his tips for how to make the splice....no charge. He did say if this splice didn't fix
it then he thought it was a failed ground in the ECU (ECM) for the fuel injection. He said the bad
connector could also cause a bad ground problem at the ECU.

960 B6304 ECT Sensor Failure. [Tip from Tom Haywood] '95 960 B6304 with Motronic 1.8: the
symptoms, in my case, were sudden very high idle surges (2500-3000 RPMs) while sitting at
idle and hot-start problems. This engine has two coolant sensors; the rear coolant temperature
sensor is Volvo#68 49 350 (SWF#602.101) and apparently plays a roll in fuel injection and
various timing functions. It is similar to the front one (FRONT Volvo#35 45 031), but without the
5-inch connector wire. Testing the sensor in heated water indicated normal operating ranges
until reaching 180deg.(220 ohms) .....at which point the circuit would open completely (infinite
ohms). When the brass housing would heat up it would pull the connector pin away from the
thermistor leg. | have further learned that these symptoms can also point to the wiring to this
sensor, because of the location between the fire-wall and hot engine parts. | could suggest to
anyone with this engine to keep a new sensor handy, because it looks like the car will be dead-
in-the-water when it fails. This sensor is at the rear of the head and requires a mirror taped to
the firewall and a 19mm "open-end" wrench for removal (drain the antifreeze and remove the
heater hoses first). Work from the top of the engine, standing on a stepstool and using a pillow
on which to kneel. It has a 2-pin D-type connector mounted right on the brass housing. The
large size of the connector keeps you from being able to get a good "box-end" wrench on it, but
mine was not very tight anyhow (just very hard to get to). [Tom Irwin] Those rear ECT's are a
pain in the ass. The harness (surprise!) allows very little slack. As the insulation degrades, the
tension on the wires just pops it off. Then the epoxy potting around the sensor starts to go.

Throttle Position Switch. [Editor] This applies to Bosch LH2.4.



Symptoms of Failure:

High idle at startup or uncontrolled idle above 750
rpm.

Diagnosis:

This switch is a simple device: at either extreme of
motion, an internal switch is closed and you will
see continuity between one outer connector and Throttle Position Switch, Courtesy
the middle ground connector. Disconnect the FCPGroton

switch connector and jump from one side
connector to the middle ground connector. If idle
returns to normal, then the switch is at fault. The
switch is not repairable.

Adjusting the TPS:

To adjust the TPS:

1. Remove the throttle body from the car and loosen the TPS adjustment screws

2. Hold the throttle plate and keep it from moving. Rotate the TPS clockwise, then
counterclockwise until a click is heard. Continue rotating until it stops but do not cause
the throttle plate to move. Secure the screws

Proper adjustment is obtained when you open the throttle plate and insert a feeler gauge
at the throttle stop screw:
o When you close the throttle against a .45mm feeler gauge, no "click” is heard from
the TPS

When you close the throttle against a .15mm feeler gauge, a "click” is heard.

Oxygen Sensor

Theory and Operation
1. Oxygen sensors should last over 100k miles under ideal conditions; various contaminants
will shorten that considerably. For testing procedures and other info see:

http://www.f-body.org/oldfag/html/tech/sect2.html#oxysensor

2. [Excerpts from Underhood Service magazine, Nov 2000, et al]
The O2 sensor is mounted in the exhaust manifold to monitor how much unburned oxygen is in
the exhaust as it exits the engine. Monitoring oxygen levels in the exhaust is a way it gauges the


http://www.f-body.org/oldfaq/html/tech/sect2.html#oxysensor

fuel mixture. The sensor "tells" the computer if the fuel mixture is
burning rich (less oxygen) or lean (more oxygen).

Oxygen Sensor

Although O2 sensors are amazingly rugged considering the Components

operating environment they live in, they do wear out and eventually
have to be replaced. The performance of the O2 sensor diminishes
with age as contaminants accumulate on the sensor tip and
gradually reduce its ability to produce voltage. The aging process is
caused by a buildup of contaminants on the sensor’s zirconium sensing element. If the engine
burns oil, phosphorus deposits may contaminate the sensor and catalytic converter over time. If
the engine has an internal coolant leak (cracked combustion chamber or leaky head gasket),
silicone additives in the antifreeze can become a source of contamination. Contamination
Caution: If you use silicone-based RTV gasket material anywhere on the engine, especially in
manifolds or valve covers, make sure the tube says "sensor-safe RTV compound". Silicone from
the gasket can contaminate your oxygen sensor. According to the Robert Bosch Corp.,
replacing a degraded oxygen sensor with a new one will increase fuel efficiency by 10% to

15%. Don't use silicone sprays anywhere near the intake system. And Airtex Automotive
reports replacing degraded oxygen sensors has the potential to reduce a vehicle’s emissions of
hydrocarbons (HC) by 23% and carbon monoxide (CO) by 33%. In fact, an EPA study found
that 70% of the vehicles that failed an I/M 240 emissions test needed a new O2 sensor. Bosch
recommends a professional service technician check a customer’s oxygen sensor on a regular
basis: every 60,000 to 100,000 miles for a "heated" three- or four-wire sensor.

The O2 sensor works like a miniature generator and produces its own voltage when it gets hot.
Inside the vented cover on the end of the sensor that screws into the exhaust manifold is a
zirconium ceramic bulb. The bulb is coated on the outside
with a porous layer of platinum. Inside the bulb are two
strips of platinum that serve as electrodes or contacts.
Between the electrodes is a solid-state electrolyte made up
of a zirconic ceramic material that acts like a galvanic battery
electrolyte under certain conditions. When the sensing Bosch Zirconia Oxygen Sensor
element is cold, the zirconia material behaves similar to an Function

insulator. At elevated temperatures, the zirconia material
performs more like a semiconductor, and can generate a
characteristic voltage output on the sensor connections. The
outside of the bulb is exposed to the hot gases in the
exhaust while the inside of the bulb is vented internally
through the sensor body to the outside atmosphere. Newer-
style O2 sensors "breathe" through their wire connectors and have no vent hole. This is why
grease should never be used on O2 sensor connectors because it can block the flow of air.

The difference in oxygen levels between the outside air and the exhaust within the sensor is
what causes voltage to flow through the ceramic bulb. The greater the difference, the higher the
voltage reading. Typically, an oxygen sensor will generate up to about 0.9 volts when the fuel
mixture is rich and there is little unburned oxygen in the exhaust. When the mixture is lean, the
sensor’s output voltage will drop down to about 0.1 volts. When the air/fuel mixture is balanced
or at the equilibrium point of about 14.7 to 1, the sensor will read around .45 volts. When the



computer receives a rich signal (high voltage) from the O2 sensor, it leans the fuel mixture to
reduce the sensor’s reading. When the O2 sensor reading goes lean (low voltage), the
computer reverses again, making the fuel mixture go rich. This constant flip-flopping back and
forth of the fuel mixture occurs at different speeds depending on the fuel system. Engines with
multiport injection do this five to seven times per second at 2,500 rpm. The O2 sensor must
react quickly to these changing fuel conditions in order for the computer to maintain the best
average air/fuel ratio. As sensors age, they become sluggish and respond more slowly to
changes in the air/fuel ratio. This may cause emissions and fuel consumption to rise.

Before it will start to generate a voltage signal, the oxygen sensor must be hot - usually from
about 450d F to 600d F or even higher. The sensor incorporates an internal electric heating
element to bring the O2 sensor up to operating temperature quickly (under 35 seconds). Internal
heating elements usually operate continuously while the engine is running to maintain an
operating temperature of approximately 1292 degrees Fahrenheit to 1472 degrees Fahrenheit.
Heated O2 sensors operate at a more consistent temperature and allow greater flexibility of
placement locations in the exhaust system. Three and four wire sensors have this heater
installed: two wires for the heating element, one signal wire and possibly a ground wire. Oxygen
sensors that are not equipped with a ground wire must have a well-grounded exhaust system to
complete the sensing circuit. Basic electrical wiring circuit checks should be made to determine
if the vehicle's wiring harness has good continuity and is free from short circuits.

The ECU will set an O2 sensor diagnostic code if the sensor does not produce a voltage signal,
stays rich too long, stays lean too long, does not switch rich/lean (center too long), or does not
switch rich/lean fast enough. If the sensor dies altogether, the result can be a fixed rich fuel
mixture. The rich mixture therefore can cause the converter to overheat, resulting in severe
damage and higher repair costs for the driver. As one aftermarket manufacturer points out,
sensor checks come down to paying a little now or a lot later. One way technicians can test
oxygen sensors is to see if the sensor’s output voltage changes when the fuel mixture changes.
When the mixture is lean, the sensor’s output voltage should be low (down around 0.1 volts),
and when the mixture is rich the sensor’s output should be high (up around 0.9 volts). A steady
low voltage reading or no voltage reading would indicate a bad sensor.

Making the fuel mixture artificially rich by adding propane into the intake manifold should cause
the sensor to respond almost immediately (within 100 milliseconds) and go to maximum (0.9v)
output. On the other hand, creating a lean mixture by opening a vacuum line should cause the
sensor’s output to drop to its minimum (0.1v) value.

Although a technician can read the O2 sensor’s output with a scan tool or digital voltmeter, the
transitions are hard to see because the numbers jump around so much. An analog voltmeter is
better for viewing transitions, but may not respond quickly enough on systems with higher
transition rates. So the recommended instrument for observing the O2 sensor’s voltage output
is a digital storage oscilloscope (DSO). A scope will display the sensor’s voltage output as a
wavy line that shows its amplitude (minimum and maximum voltage) as well as its frequency
(transition rate from rich to lean).

A good O2 sensor should produce an oscillating waveform at idle that makes voltage transitions



from near minimum to near maximum. If the sensor doesn't flip-flop back and forth quickly
enough, it may indicate a need for replacement. If the O2 sensor circuit opens, shorts or goes
out of range, it may set a fault code and illuminate the Check Engine or Malfunction Indicator
Lamp. If additional diagnosis reveals the sensor is defective, replacement is required.

Specific Diagnostics and Tests
See the specific diagnostic procedures in the FAQ Fuel Injection section on Oxygen Sensor

Diagnosis.

[Inquiry:] Anybody know what the resistance of the O2 sensor heater should be? mine says 2.2
ohms. With only the green wire connected to the ECU | get a pretty stable .52 volts, which |
have read in the archives to be the ECU reference voltage. Hopefully all is well at that end. If |
connect the heater (there is ~13.5v on the harness side, btw) the sensor voltage decays over
about 30 seconds to .01 volts. At no time does voltage sweep from .3to .7 v. Also, can you
replace the heated one with non-heated? A Bosch Ford 5 litre sensor is $97.80 (cdn) at a local
import autoparts store, the Volvo sensor is $280 something. [Response 1: Abe Crombie] That is
the right resistance on the heater. Use a digital voltmeter with impedance at least 10 megohm.
Before you replace the sensor warm up engine and attach the voltmeter positive probe to O2
sensor lead, the negative to chassis ground, and then momentarily pinch the rubber return line
behind fuel pressure regulator. If the voltage of sensor goes to .7-.9 V then look for something
other than the sensor causing a lean condition. A faulty sensor can give you the low V reading
but an air leak or defective MAF sensor can do the same. With regard to heated (three wire),
versus non-heated (two wire), yes and no. The heated sensors are used to keep the signal
active while idling. Idling in cold weather primarily, the sensor will fall below its 600F temp at
which the reaction that makes it output voltage begins to work. If it were to stay above this temp
the non-heated would be okay. There are different sensors out there also. Most all the Bosch
up to 92 have the same output voltage at the same O2 gradient. After 92 there are differences
in some of the applications in this respect.

Regina vs. Bosch Oxygen Sensors

The Bendix/Siemens Regina fuel injection systems use a titania-type sensor which
varies resistance and is not interchangeable with the Bosch zirconia units which
create a varying voltage signal. This sensor does not work with a .5 V reference out of
the ECM as do the Bosch versions. The Regina unit uses the heater power supply to

Reging
feed a sensor circuit which responds to O2-level variations. The Bosch zirconia unit Sgrgso;
measures an electrochemical reaction and the heater merely maintains the NGK
temperature stability of the sensor and does not supply current to be modified and 25002

used as output signal. Compared to the more common zirconia O2 sensors, titania
sensors have three advantages: (1) they don't need an air reference (there is no
internal venting to the outside atmosphere to plug up); (2) they have a fast warm-up
time (about 15 seconds); and (3) they work at lower exhaust temperatures (they won't
cool off at idle and they can be located further downstream from the engine or used
with turbochargers). See the notes below regarding the use of generic sensors in

Regina cars. A direct replacement for the Regina sensor is an NGK 25002.




When is Replacement Recommended? [Tip from Import Car Magazine, Apr 2003] Replace if:

. Antifreeze contaminates oxygen sensors. Oxygen sensor replacement is highly
recommended after replacing cracked cylinder heads, leaking intake gaskets or leaking
cylinder head gaskets.

. Oil contamination also ruins oxygen sensors. Oil ash accumulating on the sensor thimble
or wicking through the sensor wire may cause erroneous air/fuel ratio readings.

Other Conditions Causing Oxygen Sensor Malfunctions:

. Leaking exhaust manifolds and air injection systems contribute to faulty air/fuel
measurements by the oxygen sensor because they dilute the exhaust gas stream with
atmospheric oxygen.

Leaking fuel pressure regulators or leaking vacuum hoses and intake gaskets often will
cause a "no-switching" condition at the oxygen sensor.

Replacement Procedures:

Opening Caution. [JohnO] If doing it yourself, do it with a cold engine as many O2 sensors are
more likely to cross-thread if done hot (although not so much so with Volvos). If you doubt your
skills with this, just take it to dealer and pay them to replace it as it won't be that much for the
labor (about 1 hour).

Tool Notes. Which tool do | use to remove the O2 sensor? [Paul Seminara] Us a crows foot or
special slotted O2 sensor socket or "adapted” open/closed end wrench.

Replacement Procedure. [Editor: Tom's notes apply to a 960 but the procedure is similar for
740/940] [query] I'm planning to change my O2 sensor on my 960 wagon. Where is that thing?
How tough of a time will I have in removing it because of heat-related seizing. [Response: Tom
Irwin] OK, if you are w/o a shop and hydraulic lift, | recommend the following... FOUR
JACKSTANDS Rated to 3,000 pounds apiece or better. I've been lifting the car under it's mid-
chassis reinforcement with a large wide-saddle jack. A skinny jack will damage the underside of
your car... Lifting the whole side, place 1 jackstand each under the corner lifting points, at FULL-
EXTENSION... do the drivers side first... Ditto the passenger side, BUT LEAVE the jack in
place and lower it maybe 0.5" so it is a back-up, in case the jackstands fail, but it is NOT bearing
any load... (could cause they whole deal to shift.) Lay down a HEAVY piece of corrugated
cardboard... Let's you SLIDE in and out from under the car real nice.

The O2 sensor is screwed in to the CAT, up on top, there are four wires. FIRST! Go open the
hood and locate the O2 connector... it's kinda near the oil dipstick tube, about half-way down. It
should be clipped to a metal standard...release it...there is enough slack to lift the whole
assembly up higher for a better look. It is a BLUE plastic connector with a RED slide-Lock
passing through it's mid section. Use a small thin screwdriver under the looped balil of the red
slide lock and pry it gently to the side, extend it as far as it will go. Separate the 2 blue plastic
halves make sure that the end of the harness that goes down below to the O2 sensor is not wire
tied anywhere.

Go back Down Under the car, pull the wire down and cut any cable ties holding it to the dipstick



or elswhere. Now on the left side of the transmission there are 3 plastic snap-lock clips holding
the wires to the transmission pan. Squeeze them from the inside with a thin nosed plier and
release all three. On the UPPER, TRAILING EDGE of the transmission tail bracket, there are 3
10mm headed bolts holding the wire to the bracket. Remove all three. A small 1/4" drive
ratchet is great for this. Then remove the ONE speed nut holding the wire up on a heatshield in
front of the CAT. Follow the wire... THAR she IS... sticking out of the top of the CAT, in front of
the honeycomb. Itis a 22mm facet on the base of the sensor. Get a 22mm socket with the
sidewall slotted out for the wire to pass thru (Editor: known as an "oxygen sensor wrench")... if
you can... but | just squirted a bit of PB Blaster on the base and let it sit for a few minutes.

| ended up using a 22mm spanner wrench open end to the sensor.. It cracked free quite easily...
you may be so lucky.. Then you just un-screw it. | know this is trite....but...."Re-Assembly IS
reverse order". REALLY! [Note from WBain] Use an anti-seize compound on the threads (if the
sensor did not come with any.) It will make any future disassembly easier. [Caution from David
Hunter] Also make sure you are not cross threading it - easy to do on the O2 sensor.

Replacement: Use of Generic Sensors.

[Editor] You can install a generic Bosch or other three-wire heated sensor instead of the more
expensive Volvo OEM sensor in Bosch LH systems, but you will have to splice in the
connector. Bosch model numbers 13953, 13942, and 13913 are reputed to work depending on
your year and engine (same sensor listed as for Ford 5.0 V8 Mustang engine but different
harness lengths: check the Bosch site for applications). If you have a Regina-equipped car, use
a sensor specifically engineered for Regina systems. Regina cars through 1993 use a Volvo -
394 sensor which is the same as NGK OTA4F-B. The Walker catalog lists 250-23811 as a direct
fit replacement for Regina systems. Note: many aftermarket sites, including FCPGroton, do not
distinguish between Bosch and Regina and claim that the Bosch unit "fits all". Not true. To be
sure, buy the NGK unit for Regina which is listed at their website (they confuse 8 and 16 valve
cars, but the correct Regina sensor is shown.) [Frank] In March of 1993 Volvo switched from a
three wire O2 sensor to a four wire sensor. The three-wire generic sensors are not
interchangeable with the newer four-wire applications. [Ken] To install the generic sensor, you
will need to cut the wires on your harness and splice them to the sensor wire. Crimping is
recommended, instead of soldering, because solder weakens stranded wire subject to heat and
vibration by decreasing its fatigue life. The NGK website also recommends crimping using heat
shrink tubing to protect the crimp. Buy 3M crimp connectors with integral heat shrink tubing
(Walmart has these). Do not use silicone dielectric grease on the connection since silicone
contaminates the sensor. Note: See the table of generic replacements compiled by Brickboard
members.

Code 2-1-2 "Faulty Oxygen Sensor" in 960 Cars. [Rafael Riverol] If the check engine light on the
dashboard lights up and you read OBD | diagnostic code 2 1 2 (faulty oxygen sensor (O2)
signal) in your 960, undo the red and blue four way O2 connector near the oil dipstick and check
inside. The metal spades in the male connector are surrounded by silicone like material which
crumbles, particularly after you apply electronic connection cleaner or the like. The particles can
fall within the male and female connection, even inside the female connector contacts, and
cause a faulty O2 sensor signal. Take out the loose material with sharp tweezers. Make sure all
contacts are clean and undistorted and connect back together WITHOUT using silicone
dielectric grease because of low signal voltages. Clear the codes. This procedure should


http://www.bosch.com/
http://www.ngksparkplugs.com/apps/car_truck_suv/default.asp?nav=60000&country=/

eliminate the faulty signal.

Crank Position or RPM Sensor.

B2XX Series Engines. Symptoms of Failure: No Hot Restart. Suppose the car already has the
upgraded silver-terminal fuel pump relay but won't restart promptly after a hot soak. Take an
educated guess on a weak crank position (RPM) sensor. If you have Bosch LH2.4, then
replacing this permanent-magnet sensor
located in the top of the bellhousing fixes
many hot restart complaints on 700/900s.
[Tip from HansW] Check the lead to the
sensor: it can rub against engine
components and expose the wiring. Newer

sensors come with plastic cable holdersto || .15 4 RPV Sensor Courtesy FCPGroton
prevent this. ’

Testing Bellhousing RPM Sensor. [Inquiry:]
| decided to find and remove my flywheel
sensor. Externally it's in perfect condition.
The cable and ends are pristine-looking. Is
there a way to test it with a multimeter?
[Response: Ivan K] Often these rpm sensors fail intermittently, usually when hot. This makes
them hard to test. Since the sensor is cheap enough, just replace it. With high mileage cars, it's
only a matter of time before they fail. [Response] Measure the signal while the sensor is still
installed by unplugging the sensor at the cable connections at the firewall to the drivers side of
the engine. Measure voltage here as the engine is being cranked. Use a low voltage setting on
a digital volt meter, preferably in an alternating current setting if available in a low voltage
setting. If no signal is detected, the unit is suspect. The other simple measurement is to unplug
the unit (without removing it from its location behind the engine on top of the transmission
housing). Check all 3 terminals for resistance or an open circuit. The new sensor measured
about 160 ohms between the center lug and a side lug. My old defective unit had no continuity
and no measurable resistance.

Removal of Bellhousing RPM Sensor. [Tips from Jay Simkin and others] The rpm sensor is
awkward to access as it is below the cylinder head on top of bell housing. It can be removed by
using 21" of 1/4" or 3/8" extensions, then a universal joint, a 3" extension, and a 10mm standard
depth socket to turn the retaining 10mm hex head screw. First clean the area around the sensor
using brake cleaner. Without inserting the ratchet in the extension end, pass the tools between
the firewall and the aluminum-colored air-conditioning pipe. Once the tools enter the space
beside the engine, bend the universal at 60 degree angle. Pass the tool string behind the engine
block. There is a black cable that can be pushed out of the way. The 3" extension and 10mm
socket will align pretty easily with the top of the hex head machine screw. Set the socket on the
machine screw head. Gently, insert the ratchet into the extension string. Turn gently to remove
the machine screw. Remove the tools. Use your left hand to grip the sensor. The sensor usually
will come free as soon as the screw is removed. If it does not, grip it close to where it enters the
housing - not at the top, into which the wire enters) - and pull straight up. Do not pull on the wire.



If the sensor will not come out, it may be needful to break any "seal" between the sensor base
and the bell housing. Turn the sensor gently about 1/16" turn, in either direction. You may rock
the sensor gently, but no more than 1/16", side-to-side. Do not use any tool or brute force and
DO NOT PRY since the housing is plastic (see the Cautionary Note below). The sensor goes
only about 3/4" into the bell housing. The sensor has smooth sides and no locking lugs, so it is
removed by pulling straight up. If the sensor still will not come out, use a small amount of
lubricant (WD-40 or PBlaster). Allow it time to flow along the sensor's sides. Rotate sensor
slightly and try to remove. Do not use brute force: if the sensor snaps and plastic fragments fall
into the bell housing, the transmission will have to be removed to allow removal of the
fragments.

Caution: Some Cars Have a Flimsy Sensor Mounting Bracket. [Another Tip] Trouble started
when | couldn't get the old sensor out of the hole into which it fits over the flywheel. Where it's
located makes it hard to get much of a grip on it. | tried rotating it in the hole to free it and then
prying it up with a screwdriver. To make a long-story short, it's not mounted in the beefy Volvo
bell housing like | thought, but in a flimsy, Fiat-like, aluminum casting that bolts into the back of
the block. And very easy to break, I've discovered. And designed so you need to separate the
bell housing from the engine to R&R it!!! Moral of the story is go easy on a stuck sensor. [Chris
Herbst] NEVER PRY the RPM sensor out of the bracket. The poor quality bracket that they use
to hold the sensor is SO weak that can break if you force the sensor around. Prying side to side
on the sensor can break either the bracket or the sensor, leaving you helpless to do anything
but pull the trans back to replace the bracket. When you really pry that thing is usually when it
breaks. But because those brackets are so flimsy, it can still get you when you don't expect it.
Usually (99 out of 100) is a piece of cake. But when you're the one who has #100... it sucks.
Just be careful and you'll be fine.

Turn it lightly back and forth to remove it, but don't force it at all. Wait until it moves. On a
standard trans cars use a tiny bit of silicone spray to get the thing out, and work it gently back
and forth until it gradually loosens. If it is an automatic, get an Easy Out screw extractor into it,
then douse the thing with PBlaster penetrating oil and wait for it to work its magic. The penetrant
won't hurt anything like the clutch on the standard trans car. On the other hand, you want to
avoid harming the timing ring on the automatic, because it is not very strong. You still run the
risk of demolishing the bracket if you pry at it too hard, so make sure you are patient and let any
penetrant or silicone get in there before you pull it. Once they move side to side, they can gently
be removed. This sometimes takes a while, but the rewards are that you don't have to pull the
transmission. On installation, put a light coating of grease on the perimeter of the sensor where
it contacts the bracket. That will make your life a lot easier when you go to get it out of there
next time. And if you have the trans out for any reason, take the RPM sensor out--whether or
not you reuse it--and coat it LIGHTLY with a film of grease. That will avoid the problem, should
the sensor need replacement in the future.

B6XXX Series Six Cylinder Engines. [Tip: Rob Bareiss] The 960 (B6304) engine uses a
sensor mounted at the back end of one of the camshatfts. It's in the same position as the
distributor on an 850/S/V70 5cylinder. Since the 960 has no distributor, it uses this thing instead.
Also saves a bunch of space at the back of the engine. Probably should consider it a regular
service item, as with the 4-cylinder models. Replacing it is probably cheaper than having the car
towed one time... Removing it is similar to the B23X engines except for the wiring clip on the



firewall. [DanR] To get the connector off the bracket, all you need is a fairly small flat bladed
screw driver. Pry away the metal collar that surrounds the connector; it has a clip that snaps in
place. The part that snaps in is on the underside of the clip. If you break the plastic shells
holding it together, they are replaceable from the dealer. On reinstallation, make sure you insert
correctly the two wires from the trans oil temp sensor.

Knock Sensor.

Symptoms of Failure. [Tips from Marc] The car starts fine and will run for 2 miles and then lose
power. It never stalls just won't move. If | shut it off and immediately restart it, it will run fine
again for another 2 miles and so on and so on. When it runs fine, with a timing light hooked up
on acceleration the timing will retard 1 or 2 degrees before it advances. If | check it when the
problem is occuring it will retard 6 or 8 degrees before it tries to advance. Solution: new knock
sensor. [Other symptoms] Retarded timing, acting as though no fuel is reaching the engine.

Sensor Styles. [John Sargent] The knock
sensor is located on the cylinder head under
the junction between number two and three
intake manifold runners. It is next to the two  |Knock Sensors Used on Volvo Engines
coolant temperature sensors also bolted to
the head. LH 2.1, LH 2.2, and LH 2.4 all use
the same knock sensor, offered in two
interchangeable styles that may be used on the red engines. Type 1 is on the left in the photo
on the right, and Type 2 on the right. The only difference in the parts is the torque for the bolt
holding the sensor to the block. Type 1 has the flat top, and the fastening bolt is torqued to 8 ft-
Ibs (11Nm), and Type 2 has the domed top and the fastening bolt is torqued to 15 ft-lbs (20Nm).
If you use anti-seize paste, reduce the torque setting by 30-40% to account for the lubrication by
the paste.

Operation. [Inquiry:] How do | test the knock sensor? [Response: Abe Crombie] If there is not a
fault code for it then it is okay. The ignition control unit tests it every time you exceed some thing
around 3000 rpm with moderate to high throttle. If it is
not torqued properly it might not be as sensitive as it
should or be overly sensitive. Torque is 8-11 ft-lbs. It
produces a high voltage pulse when it senses the shock
wave in the range of combustion knock. The voltage
level is proportional to the severity of the knock. It will
read 1.5 or greater megaohms but this is not really an Knock Sensor, Courtesy FCPGroton
effective test, only the control unit detecting a sensor
signal when the conditions would absolutely assure a
signal would be made is the real check. The knock
sensor test by whacking on block (better than on the
intake) next to knock sensor (see Duane's note below)
is only effective on early Chrysler systems with the
throttle opened as the closed throttle signal is supplied




to Chrysler ignition ECU and it cancels knock sensor retard activity. If you have Bosch ignition
systems you can't do the whack it and watch it test for knock sensor operation. The Bosch
systems are cylinder specific and you would have to knock within a few crank degrees of a
given cylinder firing and be monitoring the timing light attached to that cylinder's plug wire. |
don't think any of us are that good. [Tip for Chrysler Ignition Systems from Duane Hoberg] On
the right side of the engine, in the area above and to the rear of the oll filter, tap the block with a
metal faced hammer while observing the timing with a timing light. The timing should retard 6
degrees then return. If not then the sensor or the circuit in the control box is bad. When
installing the new knock sensor, use thread lock. Apply too much torque and the sensor
becomes sensitive as it is prestressed and reacts to normal engine vibration. When this
happens you will idle fine but above idle run at retarded timing all the time. Acts like poor fuel
delivery and doesn't like hills.

Diagnosis. [Additional Tips from Dave Stevens] Procedures for dealing with suspected knock
sensor problems for an LH 2.4 system with EZ116-K ignition. Tests for other systems will be
similar. Check the wiring diagram for your particular model and year to verify connector pins
and wire colors. When no knock sensor signal is detected the EZK ignition system defaults to
full spark retard. (see also Engine Performance)

1. OBD ignition trouble code 1-4-2 "Missing signal from knock sensor"

The ignition system control unit (ICU) isn't properly "seeing" the knock sensor.
2. OBD fuel system trouble code 3-1-2 "Missing knock sensor signal*

The fuel system control unit (FCU) isn't getting the knock sensor signal from the ignition
unit (ICU) at start-up.
3. Poor performance and acceleration due to excessively retarded timing

Over-sensitive knock sensor possibly due to over-torqued or failed knock sensor.

"Cheap" gas and heavily carboned engines may cause misfiring to the point that the
knock sensor signal is not "believed" by the ECU. Wiring and the knock sensor itself are
by far the most common sources of knock sensor problems. [Les Daniels] If this piezo
detector fails, it goes open circuit and the ECU 'thinks' that a massive retarding of ignition
called for - hence the drop off in performance. On carb models there can be backfiring as
well.

Knock Sensor Testing:

The knock sensor can only be tested dynamically for proper waveform output with an
oscilloscope. Unless it makes you feel useful, there is no point in tapping on the block to
simulate knock sensor activity. The voltage output of the piezoelectric quartz is too small and
brief for normal measurement and, furthermore, the newer ignition systems won't be fooled into
changing the timing as they selectively only detect knocking that would coincide with a misfire.

Start by making sure any engine diagnostic codes are for real by resetting the trouble codes (or
disconnecting the battery) and wait to see if they reappear. Then do the physical and electrical



checks below. If all other tests check out you may want to swap in a known good knock sensor
on spec. Failing that an ICU swap may be in order. Only in desperation should the FCU be
swapped on spec.

Physical checks:

1. [Les Daniels] One fault with these detectors is that the plastic housing 'cooks' and then
the detector basically falls to pieces.

2. Check that the knock sensor (on the block, left side, down below intake runners #2 and
#3) is properly connected to the wiring harness. It's easy to leave this connector off if
you've been working on the engine.

3. Make sure the wiring connector for the knock sensor (green with black or brown wire) has
not been accidentally switched with the block temp sensor connector (red/black with grey/
white wire). The connectors are alike.

4. Make sure all connections are making good contact (straighten bent/separated contacts,
check pins are fully seated by pushing in from back side). Remember to check the
associated connector block at the strut tower or firewall. Make sure all connections are
clean and protected from oxidation. Inspect for deteriorated/damaged wiring. Use an
approved type of electrical contact cleaner. Squeeze dielectric grease into both sides of
the connectors before re-assembly.

5. [Charles Dinges] Make sure the wiring feed to the knock sensor is not close to the
alternator: anecdotal reports of interference and retarded timing upon acceleration were
solved by moving this wire. Some electromagnetic interference from the alternator is the
likely cause.

Electrical Sensor and Wiring Checks:

Note that testing at the ECU connectors requires the use of a multi-meter and some skill in
electronic/electrical testing. Accidents can be very expensive. To avoid connector damage, do
not probe connectors from the end, probe only from the sides or back. When working with ECU
modules and sensors, always keep the ignition OFF (KP0) and disable power to the electronic
unit (by pulling all ECU fuses or disconnecting the battery) except when required during testing.
This will help avoid accidental damage due to stray voltage or static discharge, especially when
removing or replacing connectors.

1. Atthe ICU connector (EZ116-K, EZ117-K or Rexl ignition control unit) check the wiring
from the knock sensor.

1. Remove the knock sensor connector.

2. Remove the ICU connector and remove the shell to access the side of the

connector for testing (note the pin numbers stamped on the connector).

3. Measure the resistance between ICU pin 12 and ground and between pin 13 and
ground. Both should be infinite (open). Anything else indicates damaged/shorted
wiring.

Place a jumper wire at the knock sensor connector (between pins 1 and 2).
Measure the resistance between ICU connector pins 12 and 13. It should be zero
ohms. Infinite resistance indicates an open wire or bad connector. Anything else

ok



indicates a dirty connector.
6. At the FCU connector (LH 2.4 fuel injection control unit) check the knock sensor
signal from the ICU (pin 4). Applies to EZ116-K ignition only.
7. Remove the FCU connector and remove the shell to access the side of the
connector for testing (note the pin numbers stamped on the connector).
Re-install fuses. Turn the ignition to ON (KPII).
Measure the voltage between FCU connector pin 28 and ground. It should be
approx +0.7 volts. Anything else indicates a problem with the ICU or its wiring.

© ©

Sensor Testing Procedure:

[Rafael Riverol/Andreas Lofgren] Connect test diode Volvo tool #5280 (or LED from Radio
Shack connected in series with 750-1500 ohm resistor, which will work just as well for a couple
of dollars) black lead to connector on drivers side of the car wheel housing near steering fluid
reservoir (RED AND YELLOW LEAD). Connect red lead of tool or LED to battery or ignition coll
terminal 15 where you find +12V. Use enough wire to run LED to passenger compartment or at
least to hold it with windshield wiper where yoo can see while driving the car. Turn ignition on
and diode should stay lit. Start the engine and run it about 900 rpm. Diode should now go off.
Drive the car under light and heavy engine loads. If diode flashes 4 times, chech knock sensor
wiring. If wiring checks OK, replace knock sensor and run above check again. If diode continues
to flash with road test, you may have to replace the ignition control unit.

EGR Valve. Service Requirements.
[Inquiry] what exactly is the
"EGR"?. It is specified in the
service manual that it must be
checked / cleaned during the
90,000km (~60000 mi) service.
[Response: Tom Irwin] The
Exhaust Gas Recirculation (EGR)
valve is located underneath the
intake manifold. If it gets plugged,
you can ruin an O2 sensor or get
incorrect fuel metering; basically
the engine will run like crap and EGR System
use a lot of gas. To service the
EGR, it will be necessary to
remove the air induction apparatus
for clearance. Removing the
throttle body also helps and it is a
good time to clean it out as well.
The same is true for the IAC, Idle
Air Contro valve. Once you remove
the EGR valve, Take it to a bench
and use a vacuum pump to check
operation and hold open the




diaphragm and valve, or follow the
procedure below. Spray carburetor
cleaner through it. Also spray into

the tubes. A stiff wire might be useful if there is large debris or a plugged line. The temperature
sensor electrical connector should be de-oxidized and protected with silicone dielectric grease.

EGR Valve Removal. [Procedure from Kevin] The EGR intake tube is held to the intake manifold
via 2-10mm bolts and a flange. The exhaust side is screwed into the exhaust manifold with a
22mm acorn nut. Once the tubes are separated the valve itself is held in a bracket via a large
thin nut, best removed with a large pliers. | found it took a good two-handed pull to break the
22mm acorn nuts free (the nuts that attach the pipes to the valve). Your only option here is to
use a 22mm open-ended wrench (unless you happen to have such a thing as a 22mm crows-
foot). Be real careful not to have the wrench slip and round off the nut. The valve gets hot in
operation, so the nuts tend to seize to the valve fittings and take some persuasion to break
loose. | sprayed PBlaster penetrating oil on the fittings and let it sit for 20 minutes before trying.
This is a classic “knuckle-buster” situation, so it is a good idea to put on a pair of gloves. Access
is limited with a big wrench like this one, but once the nuts are started you will be able to turn
them 1/6-turn at a time till they are off. Once the nuts were off, | had to tap the inlet pipe with a
hammer to get it loose from the port on the end of the valve. The compression fitting on the end
of the pipe was kind of wedged in the port on the valve and did notwant to come off at first. |
could not get the outlet pipe off of the side of the valve, so | took the valve off with this pipe still
connected (disconnect the other end of the pipe from the intake manifold first). The valve is held
on a bracket with a 25mm nut. | managed to get this off with a 1 inch AF open-ended wrench.
Again, it took some force to break it free, and access is limited so it was 1/6 or 1/4 turn at a time
to get the nut off. | had a difficult time getting the vacuum hose off the valve. the rubber boot at
the end of the hose was in very poor conditon (rubber was breaking down and had taken on a
tacky/gummy consistency) and was stuck to the vacuum nipple on the valve. | assume this is
due to the high temps that this valve sees. | will be looking for a replacement as | do not think it
Is going to last much longer.

EGR Valve Vacuum Checking/Cleaning. If you don't have a vacuum pump to test operation,
improvise: Insert an allen wrench or small screwdriver or other suitable “probe” into the inlet port
(threaded opening on the end of the valve) until it contacts the valve seat. Keep one hand on
this probe while maintaining a small force to keep it in contact with the seat. Place vacuum
nipple in mouth and suck! You will feel the valve seat opening. The valve should hold open
without any additional suction. If the valve fails to open, or if the diaphragm leaks when you do
this, then the valve may need to be replaced. If you don’t want to put engine parts in your
mouth, you can make a more hygienic mouthpiece from a couple of inches of scrap vacuum
hose. When | cleaned my valve, it had very little carbon/dirt in the valve. Noticeable build up of
carbon on end of the EGR discharge pipe, where it connects to the intake manifold. Cleaned
this up with a stiff wire and several squirts of throttle-body cleaner

EGR Valve Reinstallation. | put a little anti-seize on the threads before replacement (don't get
any inside the ports though). | am hoping this will make it easier to get the nuts off next time.
Place the valve in its bracket. Hand tighten clamping nut that holds it to the bracket. Start the
threads on the two acorn nuts. Attach the outlet pipe to the intake manifold and tighten the nuts
there all the way. Tighten the bracket clamping nut all the way. Tighten the two acorn nuts all



the way. Put a spot of silicone grease on the vacuum nipple and replace the vacuum tube
(again, | am hoping this will stop the rubber from “gluing” itself to the nipple. Reconnect the temp
sensor electrical connector.

Pulsair Valve. [Tops from Tom F] Volvo introduced Pulsair system on B200/30A, E, and K-
engines and on the US '94-'95 B230FD engines. The Pulsed Secondary Air injection system
adds oxygen to the exhaust manifold to continue the combustion of unburned fuel in the exhaust
system
and
provides
additional
oxygen for
Pulsair Valve the PAIR Solenoid, on left strut support
catalytic
converter,
thereby
lowering
harmful
emissions.
It is independent of the EGR system and many cars have both. The pulsed secondary air

injection solenoid or PAIR Solenoid, receives a signal from the ECU allowing the vacuum control
valve to open. It is located on the left strut support between the EGR Converter and the OBD
box. The PAIR valve (Pulsair valve), with permission from the ECU, allows oxygen in every time
the exhaust valve closes, which causes an instance of negative pressure (the pulse) and
introduces oxygen into the manifold. No air pump required. The photo shows the two Pulsar
valves feeding the exhaust manifold and a vacuum control valve which get its a signal from the
PAIR solenoid to allow air from the air cleaner box to pass through. If a valve fails, it can allow
exhaust gas flow back, cooking the rubber hose. The hose is connected to a vacuum operated
shutoff valve connected to the air cleaner. To test the pulsair valve, on a cold engine, place your
hand over the valves, near enough to verify that air is being taken in and exhaust gas is not
escaping. The action of the valve is a quick "pulse" corresponding to the opening and closing of
the exhaust valves.

Regina Air Temperature Sensor. The Regina fuel injection system uses air pressure and
temperature in the intake system to compute the air mass moving into the engine. The
temperature sensor is located in the intake hose or pipe. The air mass passes through holes in
the sensor and over a bulb which sends a temperature signal from the incoming air charge to
the ECU. Information from this sensor is added to the pressure sensor information to calculate
the air mass being sent to the cylinders. The sensor is an NTC (Negative Temperature
Coefficient) thermister which means that resistance declines as the temperature increases. This
sensor helps the ECU to determine spark timing and air/fuel ratio. You can check this resistance
by connecting an ohmmeter between pins to read:



. -20°C (4°F) 15K ohms
. 20°C (68°F) 2.5K ohms
100°C (212°F) 160 ohms

Use a heat gun to change temperature. Problems may occur in the sensor, the connector, or the
wiring leads.

Regina Manifold Air Pressure (MAP) Sensor. The Regina fuel injection system uses air
pressure and temperature in the intake system to compute the air mass moving into the engine.
The MAP pressure sensor is located on the driver's strut tower support. It is connected to the
intake manifold through a hose and takes a reading of intake pressure. The sensor is piezo-
electric and changes a voltage input to an output signal proportional to manifold pressure. The
system calibrates atmospheric pressure when the engine is started and under full load
conditions. To test, turn ignition "on" and test the back of the sensor connector or the pins on the
back of the ECU connector (do not disconnect with the ignition "on"):

Connector A or pin 6 is ground

Connector C is the constant voltage input from pin 7 on the ECU and should read 5 volts
to ground

Connector B is the variable output signal from the pressure sensor to pin 11 on the ECU.
Connect a hand vacuum pump to B or 11, apply vacuum, and read the signal. Voltage
should drop from 5 volts to a lower number. If it does not drop, replace the sensor.

Problems may also occur in the sensor, the vacuum tube leading to it, the connector, or the
wiring leads.

OEM and Replacement Parts. If you cannot find an OEM replacement MAP sensor (Volvo
1378162- $115), look at a parts store for an identical unit for a GM car using the same part (an
early 90's GM 3.1 V6, ie. 1990 Chevy Celebrity w/ 3.1): Delco# 213-185 ($50); Standard Motor
Products AS5 ($40); GP Sorensen ($30); Echlin ($55).
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ECT  Engine Coolant Temperature sensor
ECU Engine Control Unit computer (either fuel injection or ignition)

FI Fuel Injection
FPR  Fuel Pressure Regulator
IAC Idle Air Control solenoid valve

B Throttle Body
TPS  Throttle Position Sensor
VSS  Vehicle Speed Sensor

Identification and Maintenance:

Bosch vs. Rex/Regina. [Inquiry] How do | identify my fuel injection system? [Response: Chris
Mullet/Chris Herbst] Many 1990+ non-turbos have Rex/Regina systems; most turbos seem to
have Bosch. Between 90 to 92, all non-California non-turbos were Regina cars. There were
some 89s and there were some 940s until 1993 if not later. The Regina cars are anything but
rare. Regina systems are characterized by:

Only one fuel pump which is in the tank, without a pre-pump; and this fuel pump is not as
high a quality as Bosch (note: later 940s have Bosch LH 2.4 FI systems but with single in-
tank Bosch fuel pumps) Note: some 1989 cars are reported to have Regina Fl and two
fuel pumps (in-tank and under-car).
Ignition coil is a wierd sort of amplifier-looking thing on the LH strut tower, versus a
standard looking cylinder-shaped coil.
Uses an intake air temperature sensor and a manifold air pressure (MAP) sensor, instead
of the mass airflow meter.

. Relays are often but not always similar to Bosch; see Electrical: Circuits and Relays for
locations and applications.

. ldle air control valves are not interchangeable
Oxygen sensors are not interchangeable, regardless of what many aftermarket suppliers

claim. Buy only the Regina-specific unit which is usually more expensive.

Setting Base Idle Specs and TPS on Bosch LH2.4-Equipped Cars . [Adapted from Volvo
Service Manual 32043/1]

Cleaning the Throttle Body: See the discussion in Engine:Performance for more information

Adjusting the LH2.4:

1. Adjusting Idle Linkage Rod.



Ensure that when the cable drum is pushed off its endstop with a 2.5 mm feeler blade, the gap
between throttle lever and adjustment screw is from 0.1 and 0.45 mm. (This is the adjustment
screw that mounts on the throttle lever, not the adjustment of the larger nut that attaches the
lever to the throttle plate shaft). To achieve the above spec, adjust the throttle link rod (ball-
socketed connection rod between drum and throttle lever)

2. Checking the Throttle Body (Plate and Throttle Position Switch) Adjustment

Connect an accurate tachometer then warm up the engine. Let itidle in Park with a/c off. Pinch
off the hose between the air intake and the IAC valve (don’t damage the hose with something
sharp!) Idle speed should drop below 500 rpm, or the engine may stop: both are normal. If idle
speed does not drop, adjust as below.

3. Adjusting the Idle Speed

On the front side of your throttle body, there is an adjustment screw. Loosen the lock nut. Start
the engine and turn the adjustment screw until idle is 480-520 rpm. Switch off the engine and
tighten the lock nut while holding the adjustment screw so it doesn't turn.

4. Checking the TPS Adjustment.

Check the gap between the adjustment screw and the throttle lever with a feeler gauge. Insert
a .45mm feeler gauge. There should be no click from the Throttle Position Switch on the rear
side of the throttle body when the throttle is closed. Then insert a .15mm feeler gauge. There
should be a click from the TPS when the throttle is closed. If these are incorrect, then adjust as
below.

4. Adjusting the TPS.

Loosen the TPS adjustment screws holding it to the throttle body. First turn the TPS clockwise
(away from the electrical connector) until it stops. While keeping your finger on the throttle disk
so it won't move, turn the TPS counter-clockwise (toward the connector) until you hear or feel a
“click". Continue turning until it stops, then tighten the screws. Go back to step 3 above to
check the adjustment.

Setting Base Idle Specs and Mixture on Bosch LH2.2-Equipped Cars.

A. LH 2.1, 2.2 Jetronic Cars. [Courtesy of MVP, Volvo performance parts suppliers]

Many driveability and running problems can be traced to improper base engine settings. Setting
your base idle specifications is always the first step when trouble shooting any runability
problem. By following the steps below the source of most problems can be identified
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1. Check for air leaks by spraying carburetor cleaner on all intake hoses and gaskets. Any
fluctuation in idle while an area is being sprayed means a leak. Repair any leaks you find.
Don't spray carburetor cleaner on hot manifolds as it may cause a fire.

2. Remove and clean the throttle body, adjust the throttle plate open % turn. Reinstall it

using new gaskets. Make sure the throttle switch clicks as soon as you crack the throttle

(adjust as needed).

Start your engine and let it warm up fully.

Set ignition timing to the manufacturer's specs.

Now use a voltmeter (with minimum impedance 10 megohm for a digital unit) to verify that

your 02 sensor is working properly. Connect the red positive probe from the voltmeter to

the 02 sensor wire where it is connected to the large green wire by peeling back the
connector cover and backprobing the contact leaving the sensor still connected. Connect
the black negative probe from the voltmeter to ground. A good 02 sensor will fluctuate
between .2 and .7 volts if your mixture is anywhere close. Replace the 02 sensor if
needed.

6. Go to the right inner fender well (740's) or the left inner fender well (240's) and find the
red and white pigtail that sits besides the ignition ECU. This is your idle speed test point.
[Note: wiring colors can vary: some 760s use red/black.Check the OEM wiring diagram
manual; aftermarket versions may not have the correct colors.] Ground this connector
and adjust the bypass air thumbscrew on the throttle body until the idle is 725 RPM's.
Remove the ground from your test point; the idle should be close to 750 RPM's.

7. Next to the idle speed test point pigtail is a green and white pigtail. This is your carbon
monoxide or mixture test point, which measures the oxygen sensor output. Using Volvo
special tool part #9995280 (approx. $35) plug one end of the test LED to the fender well
connector and the red connector to the positive terminal of the battery. A logic probe can
be used in place of the Volvo special tool or if you are handy build the circuit below.
Remove the tamper proof plug from the air mass meter by drilling two 1/8" holes in the
plug about 3/16" deep and removing the plug with needle nose pliers or snap ring pliers.
This will reveal the mixture adjusting screw. Adjust the AMM until the LED on the tester
blinks on and off at equal intervals. Congratulations! You have just set your engine's base
idle specs. Note: when the tester LED is off it represents a lean mixture, when it is on the
mixture is rich.

G

CO Logic Probe Tester for LH 2.1, 2.2

LH 2.1 & 2.2 Notes. [Art Benstein/John Sargent] The LED adjustment procedure presumes
everything affecting mixture is in the ball park to begin with. Stuff like vacuum leaks, fuel
pressure, injectors will throw the mixture off more than that pot (screw adjustment) will correct. If
the O2 sensor isn't working, e.g. clogged with soot from rich running, the LED test point will not
switch. It is actually monitoring the output of the first circuit inside the ECU that handles the O2
sensor signal, so the flashing indicates the switching between lean and rich that occurs while
the ECU is maintaining the correct mixture. Because AMMs are slightly different in response, an



adjustment is given on the AMM to adjust the ECU to match it up until LH2.4 when the ECU
became automatically adaptable to the slight variations in sensor output. A better procedure to
use in replacing AMMs would have you measuring the voltage on the yellow lead (LH2.2) before
you adjust or disconnect the old one. Then you could at least put the pot back where it was if
needed or set the new one to the same value before installing it. You could measure the
resistance, but it is much easier to backprobe the voltage as you set the pot-- it varies from zero
to about 2.7V-- then you don't need to guess where you ran out of adjustment. The ends are
very hard to feel. Turning the AMM adjustment screw CounterClockWise gives a lean mixture,
so turning the screw ClockWise gives a rich mixture. The mixture setting method using the LED
tool gives a slightly lean mixture compared to the more accurate exhaust gas analyzer probe.
Turn the AMM adjustment screw 2-3 turns CW (rich) to put the mixture adjustment in the right
range.

Instead of using the test port, you can put a multimeter (with minimum impedance of 10
megohm for digital units) on the O2 sensor output. You should get an oscilliting voltage from
about 0.1 to 0.9 volts. If your O2 sensor is generating a fairly even duty cycle between .1

and .9V, the system is in closed loop and the mixture is correct. The test point, if you are on it
(pin 22 on the -544 ECU) is an open collector output protected by a 511 ohm series resistor--
pretty hard to damage externally. You don't really need the 750 ohm resistor, and its value
certainly isn't critical to the function; just protects the LED if you drop the ECU end of the probe
on a ground. The LED just shows you what the ECU sees as crossings of stoich point (which
you will see graphically if youl use a 'scope on the oxygen sensor lead and set the crossing for
450 mv) with a set of comparators a bit on either side of that midpoint. That having been said, it
can take more than a few turns on the AMM pot screw to adjust it, and some just won't adjust no
matter what.

B. LH 2.4 Jetronic Cars. Idle is monitored and controlled by the ECU, acting through the Idle Air
Control valve, and is not separately adjustable.

Relieving Fuel Pressure When Opening FI System. [Tip from Charles Probst, "Bosch Fuel
Injection & Engine Management”, Bentley] The fuel system is under pressure even when the
engine isn't running. To prevent fuel from spraying over yourself and the engine when opening
a fuel line, there are three good ways to relieve pressure in the lines:

. Neat: pull the fuel pump fuse (number 1), then crank/run the engine until it dies.

. Quick: wrap the fuel fitting in a shop cloth and loosen it, but it can be tricky and messy
manipulating two wrenches, the fuel line, and the cloth.

. Fancy: connect a hand vacuum pump at the pressure regulator; when you pump vacuum,
the regulator will dump pressure to the fuel tank.

Always remember to remove the fuel tank cap to relieve pressure in the tank. Pressure in the
tank can be enough to squirt fuel from the lines after they're open.



Fuel Injectors:

Injector Cleaning. [Editor's Tip: see Michael Ponte's excellent illustrated discussion of injector
cleaning at http://www.mikeponte.com/volvo/injectors.htm]

Problems With Deposits. Because the fuel filter stops dirt before it reaches the injectors, the
main cause of injector clogging is not dirt but fuel varnish. When tiny drops of fuel vaporize
around the injector nozzle, they leave behind trace compounds that can buildup over time and
restrict the nozzle opening. Gasoline is supposed to contain detergents to wash away these
deposits and keep the injectors clean. But recent reports indicate that many cut-rate brands of
gasoline don't contain adequate levels of detergent for this. Dirty injectors restrict fuel delivery
and cause a lean fuel condition. The result can be rough idle, hesitation and stumbling when
accelerating - and even lean misfire.

Injector Deposit Removal. [Inquiry: What is the best injector cleaner?] I've tried a few kinds but |
found that removal and flushing of the injectors and replacement of the injector seals really is
the best. | removed the injectors in my 85 245 Turbo (K-jet) and took them to a shop and they
pressure tested and flushed them. Even with all the injector cleaner | ran through (some of it
was pretty expensive), they were still really crudded up. After the flush they were like new. The
flush and test cost $13.00, the seals (for my brick there was a thin one on the injector holder,
and a fat doughnut one on the injector itself - not sure what your brick has) were $3.00 (?). Total
cost is much less than bottles of injector cleaner that are (in my case) of limited help. | guess in
really bad cases a new injector may be required, but not with my brick. Injector removal and
installing was pretty straightforward - and I'm not all that handy with tools. [Tip from Shane] As
for sending them out and getting cleaned, look in the back of Turbo Magazine for RC
Engineering. They're an injector specialty place, and can do everything but downsize an
injector (clean, blueprint, balance, flowmatch, enlarge, anything!). [Lyle Domico] | was able to
use a Mityvac to backflush my injectors with straight Fl cleaner. Pull the injectors and strip off o-
ring seals. Pour a little cleaner in a spray can cap. Set up your Mityvac with the brake bleed
bottle attached. Wrestle the Mityvac hose onto the top fitting of the injector. Set injector upright
in the cap of cleaner and pump up the vacuum. "Gently" press down on the injector to open the
needle valve on the bottom and the cleaner will start to flush up through the injector, effectively
backflushing it, including the screen.

[Response 2:] | used expensive injector cleaner with marginal success - so | did an injector
overhaul. There are some shops that do a "complete flush" without removing the injectors using
some technique, but | decided to do it myself. Removing injectors was straightforward - just
keep things clean. | took the injectors to a shop and they did a pressure flush ($15). There are
other home ways to do this like using bicycle pump with pure injector cleaner - but after a few
attempts | decided not to try. They were badly crudded but after a bit of flushing, were good as
new. After 220 K km, the shop said they were just fine. | also replaced the 2 rubber o-rings. One
around the injector (fat doughnut type) and one around the injector holder (skinny ring type).
The o-ring around the injector holder was brittle - so the new rings sealed a big vacuum leak.
Use silicon lubricant to ease the o-ring replacement. All this took a couple of hours. Made a big
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difference at idle. [Editor] Numerous shops will clean and test injectors. One Internet shop is
witchhunter.com charging around $15 each with quick turnaround.

[Tip from Ed O'Briant] My experience with a rough idle still present after a tune up and TB, IAC
cleaning, etc., on higher mileage cars has been this (assuming no vacuum leaks, etc.): dirty,
clogged, sticky, leaky, and otherwise compromised fuel injector operation. If you haven't done it,
pull the fuel rail and the injectors. Either bench clean them yourself or send them off to the
proper folks. Chemicals in the fuel tank don't cut it! They may help somewhat but in no way
replace pulling those bad boys! On our '90 745T with 115K miles, | found that all four of the
injectors had LOUSY spray patterns-streaming fuel instead of atomizing it. Also, two of the
injectors were leaking-when power alone was applied to the leakers, without compressed air,
the injectors just dripped cleaner when they should, of course, be tight. Leaking injectors cause
a very lumpy idle! Hard, brittle, cracked injector o-rings are also antithetical to smooth engine
operation.

After cleaning, none of the injectors leaked and they atomized the cleaner so well that the vapor
hung in the air for a minute or more. Idle is now incredibly smooth. Smoother and faster
acceleration/deceleration, no hesitation, as well. A testament to this is my wife's attempting to
start the car TWICE since the injector cleaning, which is not normally a problem, except the car
was already running!

Remember this if nothing else: There is NO such a thing as a clean, optimally performing fuel
injector on a high(er) mileage engine, despite whatever the injector manufacturers/oil refinery
folks may say about modern injectors and fuel blends, making injectors all but impervious to
getting crudded up. It just ain't true.

Combustion Chamber Deposit Removal. See the FAQ section in Engine: Mechanical for a water-
based technique that works as well as the section in Engine: Performance for gerneral notes on
fuel intake deposit cleaning.

Injector Seals. [Tips from Tim Curry] These seals are very simple to install. Disconnect the
battery, this will shut off the fuel system completely and reduce chances of an impromptu BBQ
under the hood.

Relieving Fuel Pressure.

[Editor] To relieve fuel pressure at the rail, remove the fuel pressure regulator vacuum line,
attach a vacuum pump, and apply vacuum. This dumps excess pressure into the tank.

[Tip from Brian] | wouldn't bother disconnecting the pump unless you want an arm/face and a
garage floor full of gas. There is fair amount of fuel in the lines, and you would have to plug the
line, or you'd just syphon all the gas out of your tank. Disconnect the high pressure line at the
injector rail (with a cloth handy). Disconnect the return line as well, and tilt the rail to drain it.
Otherwise, when you fight with the injector and it comes flying off in a hurry when you finally win,
you might end up flinging fuel all over the place. Cover the open lines until you are ready to
reconnect them. And keep that trouble light - hopefully with a compact flourescent - far away.
They don't call it trouble for nuthin'.
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Removing the Injectors.

[Tip from Norfleet] Be careful when you remove the fuel rail hold down bolts. There are thin
washers beneath them that are easily dropped. Be careful when pulling out the plastic holders,
you can break them (pull straight up, do not use a pry bar/screw driver beneath the wing).

Replacing the Seals.

The fuel rail is the thing that holds the injectors in place and provides fuel pressure, unbolt it.
The metal u-shaped clips which attach the injector body to the fuel rail just act as snap rings.
They are pushed on from the side and lock the fuel rail to the injector. Most likely, the rail will
have to be separated from the injectors before you try removing them. They just push into place
with finger pressure (into the rail and manifold), but can become stuck with age, grunge and
dried rubber. Carefully, wiggle pry or pull the injector out of its hole in the intake manifold (one at
a time please). [Tip from Gene Stevens] CLEAN the junk out of the injector hole before you pull
them: blow the dirt out of the area around the base so it won't fall in. A straw will do if you don't
have compressed air. LUBE the hole with some WD-40 or a few drops of ATF. The O-rings can
bond themselves to the opening but if you wiggle them around a bit, the lube can coat the
surfaces that get exposed, then it'll slide right out. If you let WD-40 evaporate before you're
done, re-wet the area.

Use the seals in the kit (Bosch injector kit, import parts house, o-rings) with a small dab of
grease, vaseline or lubriplate and install them where the old ones were. Note that the kit may
have extra parts that don't fit your injector. There is a plastic cap that protects the injector's tip
which can be replaced as well. The old one will be stuck so you may need to gently break it
loose with a pair of vise grips, adjusted to just barely crush the cap slightly. If you need to reuse
the plastic caps on the ends, warm them up with very hot water before removing, or they will
break. Make sure to use a dab of vaseline on the end of the injector before putting the plastic
cap back on, or it may split. | used a block of soft wood (pine scrap) with a hole drilled in it so
the injector needle wouldn't be damaged when pushing the tip back on. Don't bugger the end
and needle, or you will be buying a new injector ($$$). [Tip from Gene Stevens] LUBE the
bottom O-rings and the receiving holes before you jam each injector back in, LUBE the top O-
rings and the holes before you try to get the fuel rail on and it will all slide together like the parts
were made for your car. Again, WD-40 or ATF works great. Grease stays around and just holds
the dirt, so liquid lube is better for servicing.

Put the injector back in its hole (again, small dab of lube) and go to the next one. Do all of them
or you will cause leaks. Put the rail back in place, set the clips, tighten bolts, attach fuel line.
Make sure no parts are left over. Check everything again for tightness. Attach battery. Start car.
Check for leaks.

Be careful, take your time. Its not hard to do, just think and keep parts in a container as you go.

[Tip from Brian] If you are only changing one set of seals, my preference is to pull the rail with
the injectors attached. This way there is less risk of crud falling into the exposed inlets and
ruining otherwise good injectors. And if you remove them from the rail do it on your bench with
the injector nozzle facing up, for the same reason.



Injector Specs. [Tip from Shane] There's only two different EFI injectors used on Red Motor
Volvos: 270cc/min (LHJet 2.2), and 300cc/min (LHJet 2.4). Wiring, connection to rail, and
everything else is the same, just a difference in delivery.

Injector Diagnosis.

On the Car Diagnosis. Your Volvo's engine uses "port fuel injection” firing all injectors
simultaneously with some cross-over occurring within the plenum. The injection pulses can vary
considerably, and Volvo Fl set-ups fire the injector twice per revolution (keeps the valve wet
between intake cycles) to prevent hardened deposits from forming on the valves. This often
results in enough fuel being present for near-normal engine operation on three injectors. All four
injectors fire at the same time on +12V current supplied from the radio suppression relay (later
cars) or the car's power supply. The injectors fire when the FI ECU grounds the circuit. Basic
diagnostic tests for injectors include:

. Using a volt meter to measure the voltage being supplied to the injectors: place the +
terminal in the + supply wire to each injector and the - terminal on an engine ground. This
will verify that the injector is receiving power.

. Listening for injector opening/closing by placing a screwdriver against the base of each
injector when the engine is running. Placing an ear close to the handle of the screwdriver
should allow a faint "clicking" to be heard. This is the injector solenoid opening and
closing.

. Using a noid light to verify that the injector pulse is occurring. A noid light is a small,
resistive lamp matched to the injector that is inserted into the injector harness and flashes
each time the ECU grounds the injector. It won't tell you much beyond the presence/non-
presence of a pulse, but if one injector harness has a weak flash, that tells you there is a
circuit problem. If there are no flashes and you've verified that each injector has +12V
supplied to it, then the ECU is not grounding the injectors and you have an ECU or wiring
problem. Buy a noid light specifically matched to Bosch PFI ("ported fuel injection™)
systems from any one of a number of online vendors such as IPD or a local NAPA store.

Cost=$10.

. Pulling the plugs for observation of combustion conditions within each cylinder. Dark grey/
brown indicates normal "burn". Light grey/white indicates lean "burn”. Black and oily
usually means a rich "burn" or oil control problem.

. Using a digital graphing meter or digital storage oscilloscope to see the waveforms.
These meters are not cheap, although a used two channel DSO may be found on EBay
for US$100 or so. For a good discussion about using a digital scope (Fluke 97a or the
like) to diagnose injector and fuel pump problems, see Dave Goldberg's article on "Scope
Use for Volvo "in the form of a pdf file.

. Checking the Injector Grounds on the Intake Manifold. [Don Willson] Injector ground
wires on the intake manifold are frequently corroded. Just cleaning them and tightening
the bolt is not enough. The wire must be soldered to the crimp lug. The internal resistance
of this crimp increases until injectors start to missfire, the O2 sensor sees too much
oxygen and feeds the engine much too much fuel. Mileage drops to 10 mpg with smoke
and no power.
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Off the Car Diagnosis. You can remove the injectors and supply a similar voltage to test them.
To verify operation of the injectors, measure the spray pattern and throughput of each using a
graduated plastic beaker. Should one or more injectors be inoperative, and if your engine has
considerable mileage, replace all injectors & fuel filters (including the small catch screen in the
main fuel pump). Those on a budget may try to clear the injectors using concentrated cleaner,
but this method has hit-and-miss results, especially if there is a foreign object clogging the
injector. Don't expect a disconnected injector on # 2 or # 3 cylinder to result in a change in
engine note (at idle).

Cold Start Injector. [Inquiry] What are the symptoms of a failed cold start injector? [Chris
Herbst] The cold start valve adds more fuel to the start and cold run mixture for better
performance when starting and first started. Then it shuts off. By the way, don't let "cold start
valve" and "cold start injector” fool you. They are the same thing. Symptoms often include failure
to run without foot on the pedal, and failure to keep running at cold idle. If it fails, it could cause
you to have to crank longer on cold starts, although similar conditions on warm start would be
less abnormal and more likely to be a fuel supply problem. First see if you read line voltage from
the wiring harness to the cold start injector when cranking after the car has sat overnight in cool
weather. If the "3-2-1" diagnostic code persists, the cold start valve is faulty.

Cold Start Injector Problems on Regina Cars. If your car has a Regina fuel injection system and
you have starting difficulties, see this note about a Technical Service Bulletin 23-135 fix for the

problem.

Homemade Fuel Injector Cleaner. An article in performance engineering recommends 1,1,1
trichloroethane and a stiff bristle brush to clean the outside. Don't immerse the injector, just
scrub at it. An ultrasonic pen or jewelry cleaner and fuel injector cleaner (Chevron Techron) to
clean the outlet. Stand the injector up in the cleaner so the outlet is in the solution and run the
cleaner to 10 minutes. Run a half n half mixture of mineral spirits and injector cleaner thru the
injector on the bench to clean the inside. [Another:] He showed me a very interesting way to
clean the injectors while in the car. We took an air compressor line water filter with the filter
removed, and filled it with straight fuel injector cleaner (like what you would buy at K-mart). We
then tripped the inertia switch on the fuel pump to shut off fuel flow and connected one end of
the 'water filter' to the schraeder valve on the fuel rail. The other end of the 'water filter' was
connected to a simple air compressor regulator which we regulated to around 35 psi and then
turned on the air. We started the car and ran the straight fuel injector cleaner through the
injectors. Apparently, this is in essence the same way garages and dealerships use to clean the
injectors while on the car (using perhaps slightly less kludged equipment). Although it doesn't
account for backflushing or screen replacement, it did make an excellent difference in the idling
and off-idle performance of my car. Not so much in power but in smoothness. All done with
probably $15 worth of hardware (providing you already have an air compressor).



[Another:] A two line flush system is a must. | was selling and training the CarbonClean unit way
before Motorvac hit the street. The Motorvac is a spin off the carbon clean . Any unit that uses
the two line flush method is worth having done. The GM top engine cleaner and the Ford factory
stuff is great chemical and should be used at a 5 to one mixture rate with the gasoline. We have
done tons of reasearch on the chemicals and these passed with flying colors. Keep watching
our web site for my article " fuel service of the 90's" will post at : http://www.lindertech.com/

Troubleshooting:

Vacuum Leak Diagnosis and Repair. [Inquiry]Anyone know of a good method of test for and
locating vacuum leaks in the the air intake system?

By Listening. [Response: Don Foster] Find or buy a 3' length of new fuel hose. Stick one
end in your ear and snoop around the intake system with the other end listen for any
pronounced "hisssssssing...". [Warren Bain] | was able to isolate a vacuum leak with a
mechanic's stethoscope with the probe removed and only using the tubing to get very
close to the gasket and follow the contour of the manifold. You can also modify the
stethoscope for locating vacuum leaks by replacing the probe with a length of plastic hose
or fuel line.

. Spraying With Liquid. Another trick, for small leaks such as loose intake manifolds or
shrunken injector seals, is to spray them with carb cleaner. This will temporarily seal a
leak and a rough idle will smooth out for 10-15 seconds: you will hear the change in idle
rpm.

. Using Propane to Alter the Mixture. [Tip from Bruce Young] | use Propane to test for
vacuum leaks It's as safe (or safer) and less messy than spraying carb cleaner or other
flammables . Take the nozzle tip off a propane torch and replace it with some snug fitting
rubber hose about 2 feet long. Practice with the valve to get a moderate gas flow (not a
roaring blast). With the engine at a warm idle, open the gas valve and poke the end of the
hose around each injector for a couple of seconds. If the seals leak, you should hear an
RPM change when the propane gets sucked in and burned. Do the same around any
other suspected areas, like hidden vacuum hose ends and the intake manifold gasket
itself. To block the breeze from the fan, lay a piece of cardboard from the fan shroud to
the engine.

Using Smoke to Locate Vacuum Leaks. Filling the intake system with slightly pressurized
smoke from a smoke generator will allow you to see leaks where the smoke emerges.

[Tip from Joe] Remember when looking for air leaks that it isn't always the hose or connection
that fails: don't forget the diaphragm that is being sucked by the hose you're checking. ie.. EGR
diaphragm. If you find a leak in the intake manifold gasket, replacement instructions are in
Engine: Mechanical. And don't forget vacuum hoses either: they can often split at the ends and

allow vacuum leaks that are tough to detect.
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Repair of Air Intake Hose. [Editor] If your large plastic intake hose tears in a non-turbo engine,
you can repair it using several wraps of 3M Super 33 electrical tape or aluminum duct tape. If
your pressurized turbo hoses tear, use the aluminum tape for a temporary repair but make sure
you replace the hose as soon as you can.

Vacuum Hose Replacement. To replace your rubber vacuum hoses (not the hard tubes), buy
the following quantities (1 inch=2.54 cm):

Hose Inner B230F

. Normally B230FT Turbo |[Application
Diameter .

Aspirated

4.2mm All else
(Volvo p/n 112 inches 134 inches underhood
976734)
6.6mm
(Volvo p/n 26 inches 26 inches Cruise Control
976736)
%‘S?)m (3/8 12 inches 12 inches Brake booster

If you use the Volvo OEM hose, you can re-use your spring clips that secure the ends of each
segment. If you purchase another brand with different OD, then buy new spring clips at a
plumbing supply store (Home Depot, Lowes) in the small brass fitting section. [Gary Horneck] |
replaced all my vacuum lines underhood with silicone hoses from BoostController.com. They
sent me samples of both the 4mm (inside diameter) and 6mm to test and they fit great. The blue
hoses have a 2.54 mm wall width (thicker than the stock hoses), are 100% silicone. | used high-
quality 3M cable ties to secure the hoses since it was not clear the OEM clamps would still fit
the thicker hoses. Now all the vacuum lines are in a contrasting color in the engine bay. Car
runs very smooth and the hoses should last virtually forever.

Repairing Rubber Tubing Ends. [Inquiry] How do you replace the rubber ends on the hard
plastic vacuum lines? | had one come apart and the rubber vacuum hose | have (Volvo original)
fits the manifold fitting perfectly but is too large an ID to grip the hard plastic vacuum line. | know
| can just replace the whole line with rubber, but | wanted to keep the plastic line. [Robert
Ludwick] I've used some of that liquid rubber stuff that they sell for use for sealing electric
fittings, it works great.

B6304 Vacuum Hose Replacement [Jim Bowers] | just went through replacing all connections at
the vacuum port on my 960. | attempted to get everything from the dealer as in my opinion that
system is one of the poorest designs in the car and correct sizes/orientations are critically
important. There are about 4 different plastic line sizes and several port sizes for the various
destinations. Some need to have a right angle and others are straight. On top of that, the parts
illustrations for these little vital parts are very poor in the parts system. | spent a lot of time at the
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parts counter with many trips to the car to get all the right connectors with the different size
ends. Only one connection at the port is made with a section of straight vacuum hose with equal
size at each end! My feeling is that getting connectors with the right size ends is important for
reliability. When rubber is over stretched is starts cracking real soon. If the connection is loose
the obvious will happen.

Fuel Pump and FI Relay Diagnostic Tests. Here is a procedure to test the operation of the
fuel injection relay and the operation of both fuel pumps. The 3 main things to check in the fuel
circuit are the fuel pump relay, and the 2 fuel pumps.

1. Fuel Injection Relay Test. There are 2 relays inside the fuel injection/pump relay. One
of them should turn ON when the ignition is turned on (without turning over the engine),
and the other relay (which actually turns the fuel pumps) should come ON when the
engine turns over/runs. You can check the 1st relay by putting your fingers on the relay
module and turning the ignition on and off repeatedly. You should feel the relay click on
every time. If it doesn't, that relay isn't working. And you'll find the car doesn't start if the
relay did not come on.

[Tip:] To check for possible fuel pump relay failure go between center of cig lighter plug
and fuse 11, should be less than .5 V (<500mV). Excessive resistance creates voltage
drops that will exceed these values. The volt drops will be high due to poor contact points
in relays or the solder joint problems. It is best to check these volt drops after it has run
for a while as that is when the failures usually occur.

2. Fuel Pump Diagnostic Tests. On the 740, the fuse-box + relay box can be pulled out a
little to facilitate inserting/removing relay modules. So pull it out as much as the wires will
allow. Pull out the fuel injection/pump relay module. Now take a small piece of wire to
jumper terminals 30 and 87/2 on the relay board (the terminals are identified on the relay
module pins. The 2 terminals are the nearest left and middle right pins on the relay
board). This should make the car act like the fuel pump relay is ON.

Now turn the ignition ON (without turning the engine). You should hear a whirring sound
right from where you are. That will be the main fuel pump. Now go to the gas tank and
unscrew the cap. Put you ear to the hole and you should hear a smaller whirring sound.
That will be the in-tank pump. If you hear both noises, the fuel pumps should be OK.

To check the pumps individually, you can pull out the in-tank fuel pump fuse after you do
the above test, and repeat the test. You should not hear any whirring at the tank, but you
should be able to hear the main pump.

CAVEAT: The main fuel pump is not designed to be run without the in-tank pump "on", so get
the second part of this test over quickly. You should not need to keep it running in this condition
for more than a few seconds to complete this part anyway. For information about which fuel
injection relay you have, see correct application.




Idle Air Control Valve. See the FAQ section under Engine: Performance, Symptoms for
information about cleaning, diagnosing, and rebuilding the IAC valve.

PTC Nipple in 90+Turbos. [Inquiry] What is the sensor or valve, with two wires and a vacuum
hose connected to it, is that is attached to the turbo intake hose on my Mitsubishi turbo? [John
Sargent/Dave Armstrong/Abe Crombie] This is the heated crankcase vent nipple (also referred
to as the Positive Temperature Coefficient heater nipple) used on 90 and later where the air
heater tube is deleted. The PTC nipple is mounted in the cold air intake pipe that runs from the
air filter box to the turbo. It is in the elbow of the pipe, nearest the turbo. It has one or two
vacuum hoses connected that run back to the oil trap. There is also an electrical connector
about the size of a spark plug. Volvo decided that the preheat system which was thought would
prevent throttle icing would not work on intercooled models due to cooling effect on air through
the intercooler before it goes into the throttle. The heater is to vaporize the moist air that comes
out of crankcase after start up and while driving in very cold weather. The LH fuel injection
system on that car doesn't use the Intake Air Temperature sensor. Occasionally one can
experienced a pressurized manifold with too much pressure in the crank case, causing oil to
blow from the filler cap or the seals. This can be caused by the PTC nipple valve which can
clog. All of the turbos since 1990 have a PTC and they tend to get clogged during cold weather.

Fuel Pressure Regulator. For theory of operation, effects of failure, and diagnostic tips, see the

FAQ file.

Testing or Repairing Bad Fuel Injection Relay. | had a similar no-restart problem on my '89
780, and the problem was, in fact, the fuel injection relay. Try this. If the car quits and won't
restart, try banging your fist on the left side of console, at about ash tray height while cranking
the engine. If it starts, the relay is probably flaky. It sounds weird, but that's how | found my
problem. If you want to be more sophisticated, use a volt meter to check the voltage to ground
at the injection ballast resistors. You should see 12 volts when you turn the key on. If not, thump
the console. If the voltage comes on, it's the fuel injection (pump) relay. [Response 2:] The
Bosch relays can be resoldered very easily by anyone handy with a soldering iron and soldering
gun. And a little experience. Remove the plastic relay cover and examine the foil side of the
printed circuit board (on the flip side from the electronic components). With a magnifying glass



you'll probably see the solder cracked, crystallized, and
overheated around the heavy connections to the actual relay
-- they look like little "buttons” coming through the silvery
solder. | use a soldering gun the heat & resolder these
heavy connections, and a small 25 Watt iron for the other
connections. Be very careful not to form a "solder bridge"
between adjacent foil traces. You might consider drilling
several holes in the plastic case for ventilation -- a good idea.
[Tips from John O] What I've seen occur with some of those
relays isn't cracks but sticking contacts, like any electrical contacts do with time and use. That's
why | just replace the relay. Otherwise, try soldering it and filing the contacts if possible but for
$50, | don't think it's worth the gamble in my humble opinion. Also look at the terminal at the
relay box for discoloration as they sometimes get so hot that they melt the plastic. [Editor] If
you've replaced the relay, make sure it is the correct application.

Fuel Injection Relay

Radio Suppression Relay. [What is the Radio Suppression Relay and where is it?] The radio
suppression relay (as it's called) is in actually a fuel injector relay. The pre 1986 injectors were
supplied constant + power to one terminal and supplied a timed ground to
the other terminal via the ECM. The constant + power used to come from
the fuel pumpl/injection system relay. In 1986 Volvo decided to isolate the
fuel injector circuit because of some radio interference created by the
pulsing circuit around the relay tray inside the passenger compartment and
near the radio. The solution was to energize a relay - the radio suppression
relay - with the pump/system relay feed instead of using the passenger compartment-mounted
fuel injection relay to power the injectors directly. The radio suppression relay then supplies the
+ power to the injectors. The timed ground still comes from the ECM. The reason Alex can't find
his radio suppression relay is because it's located on the other side of the engine compartment
behind the power steering reservoir, (relay closest to the engine of the two relays mounted there
Alex). For the most part the non-turbo engines had the radio suppression relay mounted on the
right side (pass) of the engine compartment on or near the coolant reservoir or near the ABS
unit. The turbo engines had the radio suppression relay mounted on the left side (drivers) of the
engine compartment on or near the shock tower or the inner fender. Not set in stone just as a
general rule. The radio suppression relay was used from model years 1987 until 1995 on almost
all LH injected 4 cyl and V6 engines and many Regina cars. There may be a couple of
exceptions. The 5cyl and straight 6¢cyl engines do not use one. When it's bad or missing, the
radio will work fine, but the engine will not run. Remember even though it's called a radio
suppression relay it's function is to supply + power to the fuel injectors.

Radio
Suppression Relay

Problem diagnosis: When this relay fails, it can cause:

. Hot start problems (car won't restart until it cools down)
. Failure of fuel injector system (no injector pulses)
. Backfiring or balky acceleration (insufficient or inconsistent injector pulses)



Test 1. If you suspect that your radio suppression relay is faulty try switching the leads with the
electric cooling fan relay if your car is so equipped. These relays are often identical up to the
940 series and in many car lines are located right next to the radio suppression Fl relay. If your
fan stops and your engine starts, then you've isolated the problem. In 940 cars, the cooling fan
relay is different and is located behind the left front headlamp and will not substitute for the
RSR. See also Hot Start Problems. The usual relay failure is caused by solder cracking which
can be repaired. Note that in cooler climates, the electric fan may be so infrequently used that
the coolant fan relay is corroded and broken. Test 2. A further diagnostic test is to jumper the
two larger wires leading into the radio suppression relay connector. If the fan starts, you've
jumpered the wrong connector. If the engine then is able to start, your relay is defective. If not,
your problem is elsewhere.

Oxygen Sensor Diagnosis.

Oxygen Sensor Simple Diagnostics. [Herb Goltz] You don't need to remove the sensor or jack
the car up to check it. You need a digital voltmeter with an impedance of at least 10 megohms to
prevent damage to the ECU. First, trace the leads from the sensor up to the firewall. For your
model there will be 3 wires, two of which go into a connector. They are just wiring for a heater to
get your sensor up to temp quicker. The wire you are interested in is a single shielded wire--
depending on the model, it will have various colors. There will be a spade connector underneath
a bullet shaped black cover. Just pull the cover back. Warm the car up to operating temperature.
Uncover the spade connector-- leave all the wires plugged in and the car running. Set your
multimeter to DC volts, and the range to <2V. Ground the negative probe of the multimeter to
chassis ground (like the strut tower) and the positive to the connection at the O2 sensor. You
should see voltages oscillating regularly from around 0.1-0.9V. If voltage is steady or zero then
you likely have a bad O2 sensor.

Oxygen Sensor Problem Diagnostics.
a. Bosch Diagnostics: Test for a rich mixture as follows:

. Disconnect the sensor lead to the control unit.

. Run the engine at 2500 rpm

. Atrtificially enrich the fuel mixture on electronic fuel injected engines by removing and
plugging the vacuum line to the fuel pressure regulator.

. If the voltmeter rapidly reads .9 volts, then the oxygen sensor is correctly sensing a rich
mixture. But, if the voltmeter responds sluggishly, or if it stays below .9 volts, try running it
at 3,000 rpm for a few minutes, then check again. No improvement means you buy a new
sensor.

Test for a lean mixture as follows:

. Induce a small vacuum leak
. If the voltmeter rapidly drops to .2 volts or below in less than a second, then the oxygen
sensor is correctly measuring the lean mixture. But if the voltmeter responds sluggishly,



of if it stays above .2 volts, give it the 3,000 rpm treatment and try again.
If no improvement, then the sensor should be replaced.

Test dynamic performance as follows:

. Reconnect the sensor lead and tap your meter into the signal wire

. Set the mixture to specification.
Run the engine at 1500 rpm.

. You should see rapidly changing readings that average somewhere around .5 volt as the
computer keeps adjusting the blend. The sensor output should fluctuate around .5 volts.
If it doesn't, replace the sensor. Deciding whether or not response is slow enough to
justify replacement requires some judgment. A common rule of thumb for minimum
activity is eight trips across the rich/lean line in ten seconds, and sometimes you can find
specs for cross-counts.

Regina Diagnostics: [Bruce Young] The above apply, but know that:

. The white and red wires in one connector are the heater circuit; the black wire in second
connector is the signal.
Red is +12V; white is ground

. Black (connected w/engine running) should cycle rapidly between 0.1V and 1.2V

. Black (disconnected w/engine running) should "after a while" rise to 1.2V
Replacement is NGK 25002, not a "generic" sensor.

For more information, see the FAQ Engine Sensor section on Oxygen Sensors.

Air Mass Meter Diagnosis.

Setting Base ldle and Mixture on Bosch LH2.2 Cars. See the FAQ section above for tips on
base specifications.

Simple Functional Diagnosis of AMM. [Editor] The classic test of AMM failure is to disconnect it;
if the car runs better, then the AMM is at fault. But here are the OEM tests per the OEM manual
for Bosch 2.4 (the-016 AMM):

1. Check the ground point of the AMM:

ignition off; disconnect AMM
. connect ohmmeter between ground and terminal 1
. should be 0 ohms

if not 0 ohms, check the ground point on the intake manifold

2. Check signal from AMM:



. clean off sensor connector, removing any corrosion

. -Start engine

. connect voltmeter between ground and back of terminal 3 on back of connector
. should read approx 2.3 volts.

if not approx. 2.3 volts, substitute another AMM

Testing AMMs and Calibration. This is a response from Python Injection (rebuilders of AMMS) to
a question about testing AMMSs.

From: Joe Evert, Director of Engineering, Python Injection

Subject: Re: Technical Question about AMM

The reason the OEM doesn't give a test procedure for calibrating the air mass meter is two

fold. First of all BOSCH Hot Wire Air Mass sensors are not linear devices like a throttle position
sensor. The output does not change the same amount for a given air change. To make it short,
most linear sensors will give you say... 1 volt for 100cfm air flow, 2 volts for 200cfm air flow, 3
volts for 300cfm airflow etc. This is a linear device. Bosch hot wire sensors are not like this.
They change a great deal at low air flows but once the air flow increases past a certain point,
say 50% of what the engine can draw, they change very little. This makes the sensor very
accurate at low to moderate air flows and good enough at high air flows. Just a small amount of
inaccuracy at low RPM and the vehicle will run terrible. If the voltage for a given air flow is off by
100 milli volts at low RPM the car will barely run. At high RPM A 100 milli volt deviation will not
even be noticed. Because of this it makes it next to impossible for the technician to accurately
diagnose the air mass in the field. We use a calibrated flow bench that measures the exact CFM
air flow to then compare the voltage to. This is not practical in the field because temperature,
altitude, humidity and the mechanical condition of the engine will affect how much air the engine
is drawing in. So just to say that the Air mass should have xx.xx volts at idle would be
completely false since all these parameters must be accounted for. Also even if a range is given
just a small amount of deviation in the output causes poor performance.

So what are you to do? For on-vehicle diagnoses the best way is just unplug it at idle; if the
vehicle runs better it is most likely bad. This is because if the air flow sensor is off voltage at
high RPM it will also be off at idle. Also if you are experiencing repeated failures you probably
have a defective air box thermostat. This little thermostatic bulb is located in the air filter box and
controls the hot air into the engine. When this fails it fails in hot air mode and routes hot air from
around the manifold into the air intake. This will destroy the air mass meter in no time.

Contaminants on Heated Sensor Wire. [Editor] It is rare
but possible to see contaminants build up on the tiny
sensor wires inside the Bosch air mass sensor due to
dirt, spider webs, a disintegrating air filter, etc. In some
instances, the hot burn-off cycle will not remove these
contaminants. When this happens, it skews the ECU
transfer function such that the MAF overestimates airflow
at idle (causes the fuel system to go rich) and
underestimates airflow at high airflow (causes the fuel

Bosch Air Mass Meter Sensing Wires

system to go lean). This means that Long Term Fuel
Trim will learn lean (negative) corrections at idle and rich (positive) corrections at higher airflow



and may be the cause of high NOX readings on test. To remedy, spray the sensor wires inside
very carefully with carb or brake cleaner to remove them, then reinstall and turn the engine on
and off to activate the burnoff cycle.

Cleaning Later 960 Mass Air Flow Meters. [John Roberson] Post-1996 960/90 cars use a hot
film mass air flow sensor. This can become dirty. To clean it, follow the instructions.

ECU Failure. See the FAQ file with much more information about symptoms, diagnoses, and
repair.

Air Box Thermostat Change. Note: Non-turbo cars have a thermostat inside the air box that
shifts air intake from heated air to cold air when the engine is warm. This is done to improve
combustion at cold starts. Early turbos also had this thermostat, ending around 1988; later
turbos do not. [Inquiry:] Can | change the air box thermostat in 7xx/9xx cars with an integral
lower air box/thermostat combination? [Response: Steve Seekins] You can _
change just the thermostat element on any of the cars that are equipped with it.  |AIl BOx
You only need to change the flapper if the hinges are worn or broken, or if the Thermostat
gaskets are destroyed. See below for instructions on thermostat removal on 90+
cars with integral air boxes. [Editor] You can buy a replacement thermostat from an aftermarket
supplier for about $10.

[Editor] Spring is an appropriate time to test the function of your airbox thermostat and change it
if needed. The thermostat can seize, allowing hot air to enter the air mass meter and
dramatically reducing its lifetime. Note that many turbos do not have these thermostats since the
turbo itself adds heat to the intake air. [Tech Tip from Walt Posluszny] | stuck a wireless
household thermometer in the airbox of our 95 960 (152,820 miles) today. The outside temp
was 70F and the temp in the airbox steadily rose while we were driving up a fairly constant 4
percent grade for 4.5 miles. Halfway up the road the thermometer registered 160F before it
literally melted down. | pulled the air mixing box, and jammed the air door to open/cool air,
replaced the still-operable remote thermometer, and took it up the same grade. The temperature
declined to 73.5F in the airbox even though | was climbing the same 4% grade. Lesson: check
your airbox thermostat and replace it if needed.

To test the thermostat:

1. Remove the air intake pipe from the grill hole to the air box extension.

2. Start your engine. As the engine warms up, the flapper inside the hole should move to the
fully closed position in moderate to warm weather. If it does not, then you need to change
the thermostat. See the FAQ section for test temperatures and flapper positions.

To change the thermostat in a 90+ car with the assembly inside the airbox :

1. Remove the air box from the car.
2. Spray PBlaster around the air pipe joint where the extension tube enters the airbox. This
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joint will be very tight.

Gently depress the tabs and twist to loosen and remove the extension tube assembly
holding the thermostat mechanism. Be careful that you don't crack the tube or the box
while working on it.

Once this is free, you will be able to see and access the brass thermostat.

Depress the spring using either plier jaws or a two-pringed body clip remover tool. Push
this down sufficiently to expose the thermostat piston rod.

Pop the thermostat out and insert the new one in its place. Make sure the rod goes in the
hole at the top of the spring.

Make sure the flapper assembly operates correctly.

Clean everything up, lube the assembly with non-silicone lube, and re-assembile.

The only risks are being a little too brutal and cracking the plastic, or breaking an air box clip on
removal. Be careful.

Engine Storage/Used Engine Notes. [Tip from Linder Injector Services] If you have installed
a salvage yard engine, depending on how long it has sat it may have clogged injectors or fuel
rail. The ones that | have seen require the injectors to be serviced off the engine. This will
ensure that the inlet filters are clean (new) and their flow is correct with the appropriate spray
pattern. The rail was flushed or ultrasonically cleaned. The pressure regulator had to be
replaced on a couple of systems due to a lot of sediment. Most of the time this was a simple
process that was fairly inexpensive.

Volvo Maintenance FAQ for 7xx/9xx/90

Cars

Top of Page



Brakes: FAQ Hom en—

Volvo Maintenance FAQ for 7xx/9xx/90 Cars Version 7.5
Component Identification: Master Cylinder:
Brake Caliper Identification Don't Ruin Your MC While Bleeding
Brake Pad Identification Replacement and Bleeding
Brake Rotor Identification Brake Hoses:
Fluid and Pad Maintenance: Brake Hose and Line Replacement
Pad Wear Indicators? Brake Hose Deterioration and Brake
Binding

Brake System Fluid Selection

Troubleshooting:
Brake Fluid Flushing Procedures

Low Pedal and Soft Brakes Problems

Brake Bleeding

Hard Pedal Problems and Brake

Brake Pressure Bleeder Booster Diagnosis

Pad Replacement: Brakes Pull When Applied: Control Arm
Bushings

Brake Pads

Brake Calipers Rattle on Mounting Bolts

Brake Pad Replacement

Pulsating Brakes: Runout in Hub and

Brake Squeal Rotor

Brake Pad Anti-Squeal: Pastes and Shims Intermittent Brake Failure: Bad Sensor
Seal

Rotors:

Wheel Shudder: Diagnosis

Brake Rotor Replacement

Brake Shuddering and Suspension

Brake Rotors Rusted On Bushings
Brake Rotor Installation Techniques to Minimize Wheel Lockup
Pulsation

Brake Light "On" After Bleeding

Rotor Turning and Torgue

Front Brake Squealing on 92-95
Calipers and Guide Pins: 940/960




Caliper Guide Pins: Maintenance

Caliper Guide Pin Troubleshooting

Sticky Caliper: Internal Corrosion

Rebuilding Calipers

Rear Brakes:

Rear Ate Caliper Pins

Rear Brake Disk Removal

Rear Brake Piston Rotation

Parking Brake

Brake Reservoir Seal Failure

Upgrading:

Stainless Steel Braided Lines

Upgrading Older 7XX Brakes to Later
9XX Jumbo Brakes

Component Identification:

Brake Caliper Identification.
Front Calipers:

[Editor:] Volvo 700 cars use a variety of calipers, rotors, and pads on the front hubs. Prior to working on the
brakes, carefully identify which components you have so that you can acquire the correct parts.

[Inquiry:] Does anyone know if there is a way to tell which of the two caliper types (ATE or Girling) my 740
GLE is using without removing the wheels? [Response: Paul Grimshaw] Refer to the product plate (located
above passenger front headlight or in the trunk or door jamb). Go to position "E" (end of the second line on

the right). The following codes apply:

2: Girling Front, ATE Rear

3: DBA/Bendix Front, ATE Rear
4: Girling Front and rear

5: DBA/Bendix Front, Girling Rear

ATE calipers are ONLY used on rear wheels. Note that DBA is the same as Bendix. The best way to identify
front calipers is to look thru the wheel for a large iron bridge that reinforces the caliper body (with a slot on

either side i.e. two slots):

Bendix caliper is in the left photo, Girling in the right. [Photos

courtesy of IPD, a retailer of Volvo brake components]



http://www.ipdusa.com/

[Tip by Guid] Take special note, if you determine that you have
Bendix calipers on your pre-1987 700, whether the two-piece
hub/rotor conversion was performed on your car. When | bought
my '86 (used), it had been converted. If so, you'll have to order
pads for an '88+ to fit.

The quick way to tell the difference: if you have the one-piece Caliper Piston Size Stamping (40mm)
(original '86) design, your pads will have flat tabs at the top
(REPCO 536 picture below). If you have the converted ('88+)
design, the pads will have the added spring pins (REPCO 1169
picture below).

Rear Calipers:
[Another Inquiry] I'm close to needing rear brake pads on my wife's 90 740. Peeking through the rim, | see
the capital letter "A" in sort of an Italic script, followed by a couple more smaller characters that | can't make
out, cast onto the caliper. Can anyone tell me what kind of brakes they are, given such weak info? Now the
bonus point question....what would the Volvo P/N's be for the pads? (Not that | would necessarily use Volvo
pads. [Response: Ted D’Orazio] Your rear calipers are ATE. The p/n for the rear pad set is 271824. [Editor]
Note that the rear calipers came with three piston sizes: 36mm, 38mm and 40mm, stamped on the caliper-
see the photo. Replace with the identical size. Often the markings are obliterated due to rust or mechanical
damage. You can measure the diameter of the piston when the pads are removed or measure the imprint on
the back of the steel shim plate. Wagons generally use 40mm pistons.

Brake Pad Identification.

[Inquiry:] When | went to get a set of front disc brake pads for my 740t there were two types listed. Does
anyone know which type | would need or how to tell Bendix from Girling? [Response: JohnB] The Bendix
pads have two tabs on the outer edge of the backing plate, some versions quite large, about 3/8 in by 3/16 in
with a round cylinder welded/brazed on each tab, others with two vestigial nubs....both types come with
slightly different anti-vibration springs so don't mix them. The Girling pads have a single big tab with a post
on it and the anti-vibration spring wound around the post. Rotor size matters....the 11.25 in rotor works on
Girling and Bendix brakes with separate rotor/hub. Make sure you know what hub/rotor you have. Finally,
your minimum permissable pad thickness, when you are checking pads, is 3 millimeters per Volvo specs for
the front pads and 2 millimeters for the rear.

Here is a visual guide to brake pads used in various caliper configurations in 700/900 cars, courtesy of RPR
where each pad set can be ordered on-line.

Front Pads:

700 w/ Bendix -87 original front.
Volvo supercedes 83-87 Bendix
REPCO 536 | |rep_536.0if (3721 bytes) pads to 88- Bendix pads. Order
REPCO 1169 further down the
page and update kit 3516813



http://www.rprusa.com/

700 w/ Girling w/o ABS front

REPCO 508 | |rep_508.gif (3906 bytes)
900 w/o ABS All front
, 700 w/ Bendix (update) -87 front
REPCO 1169 | [rep_1169.gif (4868 bytes) iy 8$8-pon frgm
REPCO 1198 ||rep_1198.if (4248 bytes) 740 w/ Girling ABS 91-92 front

900 w/Girling ABS 91-on front

RearPads:
REPCO 102 rep_102.gif (1826 700/900 w/ Ate rear
bytes)
760 Girling w/ IRS rear
REPCO 3067 |[rep 3067.gif (5162 bytes)

900 Girling w/ IRS rear

Brake Rotor Identification. [Editor's Notes:] Volvo 700/900 series brakes came in a number of
configurations: one-piece hub and rotor versus separate rotor and hub; solid versus ventilated rotors; various
calipers for ABS and non-ABS; various rotor diameters and thicknesses. In addition, early 700 series may
have been converted to two-piece hub and rotor configurations or to later "jumbo” rotors.
when replacing the rotors. The only sure test is to measure the diameter and thickness or look for a
stamping showing the diameter on the hub and order the corresponding replacement from a knowledgeable
parts department. The data in the two tables below are courtesy of VolvoCars and RPR a retailer of Volvo
aftermarket parts. Note that they do not mention 10.25 inch diameter rotors which were fitted to a number of
Girling-equipped cars. See the type chart for guidance on matching the rotor to the caliper (one or two

pistons)

Be very careful
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Brake Rotor
Types:

Rotor Type Diameter mm |Diameter in [Thickness Caliper
Version 1 |Solid 280.0 11.00 14.00 2-piston
Version 2 |Ventilated 262.4 10.50 22.00 2-piston
Version 3 |Ventilated 287.0 11.25 22.00 2-piston
Version 4 |Ventilated 280.0 11.00 26.00 1-piston

In the following chart, the "Absolute Minimum" thickness is the thickness at which replacement is mandatory.
The "Minimum" thickness is used when you replace pads: if the measured rotor thickness at the points of
pad contact is less than this number, replace the rotor. Conversion: 262.4mm= 10.5 inches; 280mm= 11
inches; 287mm= 11.25 inches. One inch =25.4mm.

Brake Rotor Identification Chart: Rotor Rotor Thickness
Car . . Abs.
Model Year Brake Type Rotor Type Diameter New [Minimum Min
Front Rotors:
700 | 8 |Bendix Single rotor and 287.0 22 20.8|  20.0
84 hub
262.4 22 20.8 20.0
700 | 8 |Bendix Separate rotor/ 262.4 22 20.8| 200
84 hub
262.4 22 20.8 20.0
83- - Single rotor and
700 84 Girling hub 280.0 14 12.3 11.5
262.4 22 20.8 20.0
83- - Separate rotor/
700 84 Girling hub 262.4 22 20.8 20.0
700 to 87 |ABS Bendix Single 287.0 22 20.8 20.0
(updated) Separate 287.0 22 20.8 20.0
700 85;57 Bendix w/o ABS Single 262.4 22 20.8 20.0
Separate 262.4 22 20.8 20.0
700 8857 Girling w/o ABS Single 262.4 22 20.8 20.0
Separate 262.4 22 20.8 20.0
740 %% Bendix w/o ABS Separate 262.4 22 20.8 20.0
88- .
740 9 ABS Bendix Separate 262.4 22 20.8 20.0
287.0 22 20.8 20.0




740 %%’ Girling w/o ABS Separate 262.4 22 20.8| 20.0
88- -

740 90 ABS Girling Separate 287.0 22 20.8 20.0

740 %%2 Bendix w/o ABS Separate 287.0 22 20.8 20.0
91- -

740 92 Girling w/o ABS Separate 287.0 22 20.8 20.0
91- -

740 92 ABS Girling Separate 287.0 22 20.8 20.0
88- .

760 90 ABS Bendix Separate 287.0 22 20.8 20.0
88- -

760 90 ABS Girling Separate 287.0 22 20.8 20.0

900 91 |Girling w/o ABS Separate 287.0 22 20.8 20.0
ii Girling w/o ABS Separate 287.0 26 23.8 23.0
91 .

900 on ABS Girling Separate 287.0 26 23.8 23.0

Rear Rotors:
Al Al |Live Axle ﬁjgarate rotor/ 281 9.6 8.9 8.4
Al Al |Multilink IRS ﬁjgarate rotor/ 265 10 8.5 8

Fluid and Pad Maintenance:

Pad Wear Indicators? [Inquiry] Are there pad wear indicators to tell me when my brake pads are wearing
out? [Editor] No! You have to inspect pad wear through the caliper slots to make sure you have adequate
pad thickness. Unlike other cars, there is no noisemaker to let you know when you need new pads. And if
they wear out? You may score the rotor, which will then need to be replaced.




Brake System Fluid.

Why Flush Brake Fluid Every Two Years?: Remember that brake fluid absorbs water vapor from the air. This
water contributes greatly to poor stopping performance and to the decline of your hydraulic cylinders and
brake components. In addition, high brake temperatures accelerate the rate at which the corrosion inhibitors
in brake fluid break down. As the fluid ages, oxidation eats away at metal surfaces creating dissolved acids
and sludge that are carried with the fluid as it surges back and forth with every application of the brakes. The
contaminants are abrasive and increase seal, piston and bore wear in the calipers, wheel cylinders and
master cylinder. They can also attack and damage ABS solenoid valves and cause these valves to jam and
stick. For these reasons, Volvo recommends that you flush hydraulic systems every two years. This is most
important for your brakes' hydraulic system. [Editor's Note: See Brake Fluid Flushing Procedures below for

complete instructions. See http://www.phxsyss.com/ for information on "StripDip" brake fluid test strips. ]

Which Fluid Should 1 Use? [Inquiry:] My friendly Volvo parts person says that my Volvo needs DOT 4+
brake fluid. Of course dealers use Volvo-labeled fluid. Is this equivalent to Castrol GTLMA which "Exceeds
DOT 3 and DOT 4 specifications"? [Response: Bob] The Castrol fluid is fine as long as it meets DOT 4. Use
a pressure bleeder for most effective flushing. [Editor: See Brake Fluid Comparison for more information.]

Silicone DOT 5 Fluid Acceptable? Absolutely NOT: under no circumstances add or use in any way DOT 5
silicone-based fluids, which are completely incompatible with the materials used in Volvo brake systems.
However, the new DOT 5.1 glycol fluids are fully compatible with your system.

Brake Fluid Flushing Procedures. [Digested from the Volvo Manual] Flush the fluid in your braking
system at least once every two years to remove water and contaminants. The manual notes that you should
de-pressurize the pressure flusher after doing each wheel, then operate the brake pedal several times,
before going to the next wheel.

Master Cylinder Reservoir:

Place plenty of paper under the master cylinder.

Separate reservoir from master cylinder by gently pressing sideways and pulling out.
Clean reservoir with denatured alcohol or brake fluid. Inspect seals and replace.

Fill reservoir with fresh fluid.

Connect power bleeding unit to reservoir (E-ezibleed or Power Bleeder, above.)
Jack up car and remove wheels.

Rear Wheels:

Remove or press back pads on one rear wheel. [Editor's Note: Clamp off brake rubber line and open
bleed screw on ABS-equipped cars so you don't force contaminated fluid back to the ABS unit. See
Brake Job Tips: Hose Clamp.]

[Cars with multilink axles: Connect tube to lower bleed screw on caliper]

Open bleed screw and drain off fluid until it runs clear. Tighten.

[Cars with multilink axles: Close off bottom screw and bleed top screw to remove trapped air.]

Repeat on the other rear wheel.

Reassemble.

Front Wheels:
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[Cars with Girling Single-Piston Calipers:]

Connect tube to bleed screw, open one turn and press piston to bottom of caliper by pressing outer
pad. [ABS-equipped cars: See Brake Job Tips: Hose Clamp]

Open bleed screw and drain off fluid until it runs clear. Tighten.

Repeat on other front wheel.

[Cars with Bendix and Girling Two-Piston Calipers:]

Connect tube to lower bleed screw. Open both screws about one turn. Place paper around upper
screw.

Press pistons to bottom of caliper. [ABS-equipped cars: See Brake Job Tips: Hose Clamp] Close
upper screw.

Open bottom screw and drain off fluid until it runs clear. Tighten.

Connect tube to upper screw and repeat to remove any trapped air.

After doing all four wheels, operate the brake pedal several times. Pedal travel after 3-4 depressions (as if
braking very hard), with the ignition off, should not exceed 55 mm for older cars and 50 mm for 1995 and up
900 series (all 960 and mid-year+ 940: see Service Bulletin 5-51-908 Jun 95)

Need to Flush Before Replacing Components. [From RPR:] When changing components that use brake or
clutch fluid, be sure to use the proper fluid (usually DOT 4 brake fluid for Volvos). It is also necessary to
flush the lines before installing slave cylinders, calipers etc. Many people simply pull the old unit off and then
"slap"” the replacement unit on which causes any old fluid or contaminants to damage the replacement when
the lines are bled. Our experience with clutch slave cylinders went from a return rate of approximately 50% to
less than 5% by simply advising installers to follow these simple instructions.

Brake Bleeding.

Basic Brake Bleeding Procedure. [Tip from Abe Crombie] All you need do is obtain a piece of 1/4" I. D.
clear vinyl tubing and a coke bottle. Have 2-3 pints of the proper brake fluid on hand. IF you are changing a
part and air is already in system, then the order is important. IF you are doing a flush/bleed then the order is
not important. Remove the master cylinder reservoir and dump it out and add a bit of fluid and agitiate it and
dump it out to get all the old fluid out. Install resevoir and then fill with fluid. Go to whichever caliper you care
to do first and loosen the bleeder 1/8 turn. Attach the clear tubing and place end in coke bottle. Add just
enouigh clean brake fluid to coke bottle so that tube is below the fluid level. Get in car and pump pedal slowly
about 1-1/2 inches 10 times. Don't exceed this extension or you will press the master cyclinder seals into
corroded areas within the master cylinder and ruin them. Get out and check/top up fluid. See if the fluid in
tube is clear, if so close bleeder and remove tube. If not, pump five more times. Go to next caliper and repeat
until all have been done. The bleeder screw opening should be just enough to allow fluid to pass out. This
can be determined by feeling resistance as you push pedal. If the pedal goes to floor w/o resistance then you
should turn in bleeder screw 1/16 turn. The idea is to do have resistance to the master cylinder suction
pulling fluid back in through tube. This way the fluid will be pulled from reservoir on upstroke of pedal and
you will not need to do the pump x times, hold, open screw, close screw, pump X times thing. | have done
this for 25 years and never had a problem and never had arguments with girlfriends, co-workers, family
members as | didn't need their assistance. IF you have a buch of air in system then you will have to do the
pump-open-close pump routine. For ABS-equipped cars, see the notes on Brake Fluid Bleeding/Flushing
Procedures for Cars with ABS. If you have lots of air in the lines and master cylinder, tap them as you bleed

to loosen adhered air bubbles.

Brake Bleeding Sequences. [Editor's Note: These sequences apply to all cars per the Volvo manual]



Bleed the brake lines in this order:

Cars without ABS and 1988 or later models with ABS:
LR, RR, RF, LF.
Cars with ABS up to and including 1987:
use the reverse sequence: LF, RF, LR, RR.
On Volvo models with 2 bleeder screws (upper and lower) on the front calipers, use upper nipple.
On Volvo models with 3 bleeder screws on the front calipers, open all bleeder screws simultaneously.
Highly recommended: use a pressure bleeder as noted below at Brake Pressure Bleeder

[Inquiry:] I've never bled calipers that had TWO bleeder valves --- What is the bleeding order? Is is special
for the 740 wagon? Itis a 91 and it has ATE on the rear, no problem, but dual Girling calipers (?) vented
rotors on the front w/ two bleeders ea. The Chilton manual is not helpful with the dual system. | can't find
any other repair manual for the 740. [Response: Steve Seekins] An interesting dilemma - the manuals vary
on the correct bleed sequence. According to some, when you have an inner and outer bleed screw on a
caliper, you should bleed the outer first, then the inner, however, my engineering sense would tell me to do
the inner (closest to the MC first, then the outer. That way no old fluid or air would get into the outer after
bleeding it. In any event, | suspect that it is not critical, and | always recommend going around twice - first
time until all air/old fluid is out of system, second time to check for any air. Expect to take about 1.5 quarts for
a complete system flush. On the non-ABS systems, it is pretty clear that the LR is first, but on the ABS
systems, manual says to do the fronts first, then the rears. [Editor's Note: when bleeding, use the uppermost
nipple to expel any air. When flushing fluid, use the lower nipple, then close and check the upper nipple for
any trapped air. See Brake Fluid Flushing Procedures]

ABS-Equipped Cars: See Brake Fluid Bleeding/Flushing Procedures for Cars with ABS

Rusted Bleed Screws: Tips for Removal. [Tip from iadr/Cliff Pope] Here is a tip that's saved me a couple
times when removing screws that the P.O. has not thought to lubricate- take a small ball peen hammer and
give the bleeder screws the hardest hit you can without mushrooming the tip where the fluid comes out. To
clarify, pretend you are diving them into the hole they are threaded into: don't hit them sideways. This seems
to loosen the rust on the threads. Once you get it moving even a fraction, you have done it. Move it
cautiously back and fro, until it will screw freely. Needless to say, try using PBlaster penetrant and a good six-
point socket before going to extremes. Just be aware that too much torque can break off the hollow screw. If
you shap it off you are in real trouble. | have never succeeded in extracting a broken one, so you will need a
new caliper. ]

[More Tips from Motor Magazine] Penetrating oil has a better chance of being effective in loosening a seized
bleeder if you wire-brush rust/scale away from the caliper's bleeder bore before applying it. Be sparing,
though. You don't want petroleum-based penetrants contaminating brake fluid. Also, filling the bore in the
bleeder itself with a snug-fitting drill bit helps reinforce the bleeder against twisting forces as you try to
unscrew it. We don't recommend heating the caliper casting with your torch to loosen seized bleeders; the
heat may not just boil away brake fluid, it may damage seals or boots. Keeping the bleeder capped definitely
helps prevent seizing; vacuum caps often make acceptable substitutes if actual bleeder caps are
unavailable.

Master Cylinder Bleeding. If you need to bench bleed a rebuilt master cylinder, see Rob Bareiss' simple
bench bleeder tool made from lengths of brake line.

Brake Pressure Bleeder.



A pressure bleeder works by pushing fluid into the reservoir at pressure to force the old fluid out the caliper
nipples rather than suck it out from the nipples. Brake systems are pressure systems and are better able to
deal with even this small pressure than a vacuum system which will always suck a little bit of air in at the
nipple. These pressure bleeders are inexpensive and make brake system fluid maintenance very easy.

1. Eezi-bleed Brake Pressure Bleeder:
[Editor's Note: purchase from IPD at http://www.ipdusa.com][Inquiry:] How well does Gunson's Eezi-bleed

work? [Response:] Eezibleed works great - | have found that 25 psi works fine vice the recommended 20
psi. If you use pressures recommended (~20psi), you will not be in any danger of blowing off

the fluid reservoir. | routinely use 25psi with a pressure reducer and have never had a EeziBleed
problem. Just don't try to hit is with a spare pumped up to 45psi, or hook up to a 150psi air Pressure
hose! In this case, it will surely come apart somewhere! Only drawbacks: under heavy - i.e., Bleeder

daily use, the gaskets on the reservoir bottle got funky and required replacement, as did the from IPD
gasket on the master cylinder reservoir adapter cap. After a lot of heavy use and regular
cleaning of the system after use with brake system cleaner, | found that the gasket on the
adapter cap seemed to have expanded and would not lay flat in the cap - hence | had trouble sealing the
cap. Also, after lots of use, the adapter cap failed and began leaking - threads would not hold. The cap
itself seemed to either wear or stretch such that the threads would not hold tight and would slip. The result is
that there was a very fine line between tightening the cap and having the cap pop up one thread resulting in
lots of fluid (like a whole container) being blown out around the cap threads. My solution was to purchase a
machined aluminum adapter cap from a local automotive tool supply house for about $30 and use it in place
of the supplied adapter cap.

For complete system flushes, I find that the supplied reservoir bottle may be too small. However, for the
owner with 1-4 Volvos that get flushed every 1-2 years and the occasional new master cylinder or caliper,
you can't beat the $30 price for the system. You will never go back to the pump and bleed or vacuum bleeder
systems again. For serious use, | built a similar system with a commercial machined aluminum adapter cap
and quick connect fittings, a larger Nalgene reservoir bottle, a pressure reducer and connections for an air
compressor tank. The Volvos cannot be gravity bled, and even with the pressure bleeder, you may need to
use the pedal occasionally when bleeding the rear brakes on those cars with rear brake pressure limiting
valves (non-ABS systems).

[Response 2: Martin Landusky] The system is very easy to use, just as it says in the instructions. | used my
temporary spare with about 26 Ibs. of pressure in it and hooked up the system to the reservoir to test for any
leaks. After | found none, | added the fresh brake fluid to the EZ-Bleed system and reconnected. Then |
followed the bleeding sequence in the manual. Careful not to round off the edges on the bleed nipples when
you open them up. | just used a regular open end wrench and it worked fine. It doesn't take too much
bleeding before the fluid runs clear. Close the nipple and go on to the next one (have your car up off all four
wheels). Check the EZ-Bleed fluid container after bleeding a couple of lines and keep it topped up. That's it
and basically it's that simple. [Response 3: Paul Seminara] Ignore the 20 psi warning. You can and may
have to pump the brake pedal (1/4 stroke or so) get the rears really good and a rock hard pedal.

[Tip from Steve Seekins] | have had a few complaints and problems with EEzibleed. Specifically, the adapter
cap provided is a 'universal' cap designed to fit several different threads including the ATE reservoir used on
the Volvos, BMWs, and others. However, because the threads do not fit precisely, | found that the cap would
not screw on tight and eventually, it blew off under pressure with the resultant brake fluid mess all over the
engine compartment and fender - lots of rapid washing and cleaning involved to get it off the paint ASAP
(brake fluid makes great paint stripper!). The other problem is the small size of the fluid reservoir - doesn't
hold enough to do a proper flush of the entire brake system.

2. Power-Bleeder Brake Pressure Bleeder:

[Tip from Steve Seekins] | recently received, tested, and reviewed a new product - PowerMotive



http://www.ipdusa.com/

Power Bleeder from Motive Products: http://www.motiveproducts.com/ or IPD. The price |Brake Bleeder
is about the same, however it comes with a specific ATE reservoir cap adapted with a
fitting and hose, has a large bottle which holds 2 full quarts/liters of fluid sufficient for a
complete flush, and has built in pump and pressure gage. [Editor's Note: this is a great
product for $49.95. They are located in Berkeley, CA.]

3. MityVac Vacuum Bleeder:

[Editor] The MityVac vacuum (not pressure) bleeder works, but you have to use care to ensure that air
bubbles are not sucked in around the bleed screw nipple. [Tip from Mike] I've used a MityVac a couple of
times to bleed my brakes. It's very time consuming (about 2 hr.) and a bit messy if you are not careful. Also,
your hand will get a workout squeezing the damn thing. Be sure you have the proper sized nipple to fit over
your bleeder screws or it will take you more time. And don't let your brake resevoir get below 3/4 full during
the bleeding process. If you start to suck air, you of course have to start over and you may have to bleed the
reservoir as well. [Tip from Dan] Use the hose on the bleed screws to avoid air bubbles.

4. Home-Made Pressure Bleeders.

[TV Pierce] You can make your own pressure bleeder. Power Motive's is nothing more than a garden sprayer
with a brake reservoir cap attached to the end of the tube instead of a spray nozzle (they also add a pressure
guage -- but it's not really necessary). The sprayer is about $10 at Home Depot, and a new reservoir cap
should be $2-$3 at FCP Groton. Drill a hole through the cap, epoxy a tube fitting through the hole, then cut
off the spray nozzle, and attach the reservoir cap. [Gary Gilliam] | made mine out of a cheap all plastic 4 liter
(about $13) garden sprayer, and an old master cap. | cut the hose just above the sprayer wand, attached a
5/16" brass fitting that is commonly used for repairing air lines: it is barbed on one end to stick inside the
hose and has 1/4" NPT threads on the other. This was secured to the hose with a stainless hose clamp and
a 1/2" hole was drilled in the extra master cylinder cap to receive the other end of the fitting. The fitting was
secured to the cap with a 1/2" long brass NPT straight connector, adding a rubber washer on both sides
coated in RTV for good measure.

| was going to add a pressure gauge, but never got around to it. It seems to work fine with just enough
pumps to get things moving a bit.

Pad Replacement:

Brake Pads

Pad Selection. What I've found over years and years of experimentation with different types of brakes
ranging from soft OEM pads to full-on race pads is that there is NO SUCH THING as a completely dustless
pad. Generally speaking however, the harder the compound, the less dust per mile accumulated on your
wheels. Organic compounds (particularly older asbestos based pads) are about the worst. The Axcess nee
PBR nee Repco pads are better than stock but the organic versions still have more dust accumulation than
the Metalmasters. Of course, you get a significant increase in braking performance with these so what's a
little dust when you can stop in 15% (guesstimate) less distance. Might save one's life one day.On that note,
someone mentioned a tradeoff using metallic pads versus softer OEM type pads and their relative effect on
rotors (wear). In my type of driving (90%+ freeway), I'm not on the brakes much which owes to my getting 90k
+ miles per set AND original rotors after 221k miles. If you are driving more stop/go type traffic scenarios,
there will be some additional wear on the rotors but not so much as to worry. (Either way, you're going to
replace them anyhow...) [TechTip from C. Smith of Stoptech] There is no such thing as an ideal "all around"
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brake pad. The friction material that is quiet and functions well at relatively low temperatures around town will
not stop the car that is driven hard. If you attempt to drive many cars hard with the OEM pads, you will
experience fluid boiling, pad fade and friction material transfer - end of discussion. The true racing pad, used
under normal conditions will be noisy and will not work well at low temperatures around town.

Uneven Pad Wear. [Tech Tip from Wagner Brake] While inspecting for excessive pedal travel, brake linings
appear worn in a tapered pattern, even though the pads have not reached minimum thickness. SOLUTION:
Uneven pad wear is not normally related to excessive pedal travel, but it's not unusual to discover one
problem while investigating another. Linings with tapered, uneven wear should be replaced if the difference
in thickness from one end of the pad to the other 1/8 inch on floating calipers. This remains true even if the
linings have not reached minimum thickness because this condition can result in pads becoming wedged in
the caliper. If the pad that contacts the caliper piston is worn much more than the one on the other side of
the rotor, something is interfering with the necessary sideways movement of the caliper. This may be
corrosion, contamination, or improper assembly. Possible causes of excessive pedal travel are low fluid
level in the reservoir, air in the hydraulic system, an open bleeder screw (avoid the use of Teflon tapes or
pipe thread sealants which do not help seal and may cause contamination), improperly positioned pads, ...,
piston seal damage in one or more of the calipers, a leak past the piston cups in the master cylinder,
excessive rotor runout or a bent rotor and bad or excessively loose wheel bearings.

Pad Break-In. [Tech Tip from C. Smith of Stoptech] Follow proper break in procedures for both pad and disc.
All after market discs and pads should come with both installation and break in instructions. The procedures
are very similar between manufacturers. With respect to the pads, the bonding resins must be burned off
relatively slowly to avoid both fade and uneven deposits. The procedure is several decelerations with a brief
cooling period between them. After the last stop, the system should be allowed to cool to ambient
temperature:

HighPerformance Metallic/Ceramic Pads. Typically, a series of ten increasingly hard stops of
increasing severity from 60mph to 5 mph with normal acceleration in between should get the job
done for a high performance street pad. During pad or disc break-in, do not come to a complete
stop, so plan where and when you do this procedure with care and concern for yourself and the
safety of others. If you come to a complete stop before the break-in process is completed there
is the chance for the non-uniform pad material transfer to take place and the results will be what
the whole process is trying to avoid. Fortunately the procedure is also good for the discs and will
relieve any residual thermal stresses left over from the casting process (all discs should be
thermally stress relieved as one of the last manufacturing processes) and will transfer the
smooth layer of pad material onto the disc. If possible, new discs should be bedded with used
pads of the same compound that will be used going forward. Again, heat should be put into the
system gradually - increasingly hard stops with cool off time in between. Part of the idea is to
avoid prolonged contact between pad and disc.

Street and Organic Pads. [Ken Crossner] Per PBR's pad instructions, use a similar technique as
above, but subject the pads to a series of moderately applied brakes slowing from 30-35 mph
down to 5 or 10 mph, and then accelerate gently up to 30-35 and repeat about 6 to 10 times.
You are trying to only gradually warm up the components. Again, don't come to a complete stop
during the exercise.

Brake Pad Replacement.

Rear Brake Pad Replacement:

[Tips from Andre] Changing the rear pads on ANY Volvo since the 70's is pretty much identical. You will need
a hammer and a long narrow punch (a large dull nail works in a pinch). Since your car is new you don't have



to worry about rust so everything will come apart easily. If the car is more
than 3 years old, it is generally good to replace the hardware (i.e. pins and
retaining clip).

To Remove:

Rear Brake Hardware Kit

Take off wheel

Tap out the two pins

Remove retaining clip

Use large screw driver to lever the pads out using their mounting ear
holes.

Pull pads out.

Check that the pistons are angled correctly.

To Install:

Place a hose on the bleeder; open the bleeder and at the same time squeeze the pistons back using
either adjustable pliers. Use an old steel shim to cover the the piston surface beneath the plier jaw to
prevent boot tears. [Peter Penguin] If you have a tough time squeezing the piston back, remove the
top caliper guide bolt, swing the caliper back and down (carefully supporting it with a bent coathanger
So it does not place a strain on the brake hose), and either use a c-clamp or place a wood 2x4 in the
caliper space and use a pry bar to lever the piston back. Tape a plastic zip-lock baggie onto the end of
a 10" plastic hose connected to the bleeder valve. Then it can spin around without any spillage and it's
easy to inspect it the old fluid for debris. If you have ABS brakes, place a hose clamp on the brake
hose above so old fluid is not pushed up the line.

Either re-use or replace the anti-squeel shims behind each pad. One is stainless steel, the other is
teflon-coated fiber. The shims are there to minimize squeal. Either clean them up and re-use them or
drop by a dealer for some new ones. Cleaning works well for the stainless steel shim. If you have
teflon coated and the teflon is damaged, replace. They come with new volvo OEM pads, but usually
not with aftermarket pads. Apply synthetic brake grease to both sides of the teflon shim or, if you have
no shim, to the back of the pad, to prevent squeel. Install the teflon shim between the pad backing and
the steel shim, which goes next to the piston. Apply brake grease to metal-to-metal contact points
between pad back and caliper.

Apply some anti-seize on the pins and insert them. Don't forget the spring clip, which is oriented so
that the pins hold it in place. The first pin will go in very easily. The second pin will be a minor pain
since the clip is in place. | usually use some pliers to help line it up with the receiving hole and then tap
the pins in place with a hammer until the rubber seals are firmly in place in the caliper holes.

Install wheel. See Anti-Corrosion Advice for tips on preventing stuck wheel bolts and wheels. Torque

wheel nuts correctly.

Be sure to seat the pads correctly. This is very simple and there should be instructions with the pads.
Basically take the car up to 30 MPH and stop with even pressure. Repeat a few times.

Front Brake Pad Replacement. [Tips from Andre]

To Remove:

Remove wheel

Remove the two bolts on the back side of the calipers holding the caliper guide bolts in place. Note
that there is a lock nut next to the rubber caliper pin sleeve, which requires a thin 17mm wrench to
hold while you rotate the bolt at the back. A bicycle wrench is perfect for this. You can now pull the
whole assembly away from the rotor. Due to wear, the old pads may get slightly stuck in a groove.
Insert a large screw driver between the caliper and the rotor and lift... it will come off pretty without too



much trouble.

. The spring pad retainer at the back of the caliper slides out. The pads can be removed.

. Place a hose on the bleeder; open the bleeder and at the same time squeeze the pistons back using
either adjustable pliers or a c-clamp. Use an old steel shim or tape on the jaws to prevent boot tears.
[Peter Penguin] If you have a tough time squeezing the piston back, place a wood 2x4 in the caliper
space and use a pry bar to lever the piston back. Tape a plastic zip-lock baggie onto the end of a 10"
plastic hose connected to the bleeder valve. Then it can spin around without any spillage and it's easy
to inspect it the old fluid for debris. If you have ABS brakes, place a hose clamp on the brake hose
above so old fluid is not pushed up the line.

To Install:

. Install anti-squeel shims or anti-squeel paste to back of pads. Apply brake grease to metal-to-metal
contact points between pad back and caliper.

. Install pads

. Insert anti-rattle spring clip. Make sure this is correctly oriented to hold the pads in place. If it isn't, the
pads will rattle.

. You can get the caliper lined up in the holes with pliers, and give it a gentle tap with a small hammer to
seat it in place.

. Lubricate the caliper guide pins and inspect the rubber boots.

. Slide the whole assembly over the rotor and insert the bolts back in place.

. Install wheel. See Anti-Corrosion Advice for tips on preventing stuck wheel bolts and wheels. Torque
wheel nuts correctly.

. Be sure to seat the pads correctly. This is very simple and there should be instructions with the pads.
Basically take the car up to 30 MPH and stop with even pressure. Repeat a few times.

Brake Lubricants:

[Tip from Brake and Front End Magazine, Nov 01] Use a synthetic moly or PAO-based lubricant for metal-to-
metal contact points and a synthetic silicone brake lube for caliper assembly with rubber parts. Do not use
white lithium or chassis grease in brake work. In disc brakes, lubrication points include the caliper slides and
bushings, self-adjuster mechanisms on rear disc brakes with locking calipers, and the parking brake cables
and linkage. Brake grease can also be used to dampen vibrations between disc brake pads and caliper
pistons. But, it should not be applied between the pad and any noise suppression shims that may be used.
Use it on the back of a bare pad or between the pad shim and caliper. One place you never, ever want to
get any grease on is the friction surface of a brake lining — which is another reason for not using low-
temperature or petroleum-based lubricants which can melt, run off and foul the linings. Grease-contaminated
shoes or pads will be grabby and usually cause a brake pull to one side. The only cure is to replace the
fouled linings with new ones. Cleaning is out of the question because solvents and cleaners can adversely
affect the linings, too. [Fitz Fitzgerald] The brake lube is intended to be used at every point where the brake
pad contacts another metal part,except the rotor:

. Apply a ring of lubricant to the back of the pad where the piston pushes against it.

. Apply lubricant to the spots where the edges of the metal backing plate touch the caliper housing
(clean these areas first, both on the caliper and the pad).

. Apply to the caliper glide pins.

Should any grease (even a greasy fingerprint) get on the pad or rotor material, be sure to clean it off
with brake cleaner.

Additional Replacement Tips:

[Inquiry:] Any hints on front/rear brake pad replacement? [Response:] Be sure to remove the sliding pins on
both front calipers. Inspect them and replace if worn or badly rust pitted. Otherwise, clean them, grease with
silicone based brake grease, and reinstall. Clean caliper sliding surfaces with small wire brush and blow



clean (use a mask!!). Check to see if new pads are beveled on leading and trailing edges. If not, consider
putting a 45 degree bevel on them. Use the brake grease on the backing plate, the anti-squeal plate and the
edges of the backing plate that contact the caliper. Install the pads carefully so that the anti-rattle springs do
not get broken (the springs on the new REPCO pads are much heavier than the earlier pads, so should not
break like they did before).

| prefer the plain stainless backing plates rather than the black rubber coated ones. The rubber, though it
may be thin simply adds a bit of softness to the pedal feel, as does any of the 'rubbery' anti-squeal
treatments. | have found that just using the Volvo brake grease seems to solve the squeal problem as long
as you clean rust off the caliper contact and sliding surfaces. The backing plates should have some slots or
holes in them - creates a slightly of center contact surface for the pistons which apparently helps prevent
squeal.

If you are replacing the rotors, clean the protective oil coating off the new ones with brake cleaner so you do
not contaminate the pads. And remember that when you first get in the car after replacing pads, you will have
to pump the brake pedal several times (not all the way down: just an inch or so) to move the caliper pistons
back into position.

Brake Squeal. [Brake and Front End Magazine, Aug 04] Brake squeal is caused by high frequency
vibrations. When the brakes are applied and the pads contact the rotors, tiny surface irregularities in the
rotors act like speed bumps causing the pads to jump and skip as they scrape against the rotors. This, in
turn, causes the pads to shake and vibrate in the calipers and against the caliper pistons. It also causes the
calipers to shake and vibrate on their mounts and bushings. The greater the play between all of these parts,
the greater the amplitude of the vibrations and the louder the squeal. [Tips from Raybestos to eliminate brake
squeal. These tips are generic and not specific to Volvo.]

. Before disassembly, mark the rotor-to-hub mounting position, to assure a remount in the same
position.

. Clean the mounting surface of the rotor before mounting it on the disc brake lathe. [Editor’s note:
Volvo recommends NO TURNING ON A LATHE.]

. Apply a non-directional finish to the rotor with 120 to 150 grit sand paper, using moderate hand
pressure against the sanding block in an up and down movement for approximately one minute per
side.

. Wash the rotor thoroughly with soap and water.

. Clean the mounting area of the hub for a perfect hub-to-rotor fit.

. Inspect, clean and lubricate all possible metal to metal contact areas of movement between the caliper
halves.

. Lubricate all sliding and floating hardware components with a high temperature sliding caliper grease.
Use new hardware whenever possible.

. Properly apply new shims to the pads.

. Lubricate contact areas between the shim and caliper piston, between the anti-rattle clip and caliper
housing, between the shim and contact area on the caliper housing, and between the pad’s locator
buttons and caliper housing. Also lubricate any possible contact areas between the pad’s plate and the
caliper housing or bolts.

. Torque the caliper mounting bolts and the wheel nuts to specifications.

. Bed in the pads with 8 to 10 brake applications with moderately applied pedal pressure, from 40 mph
to a complete or near stop about a quarter of a mile apart. If a good pedal feel and proper stopping
distance is not achieved, continue the stops until the desired results appear.

While these procedures will not guarantee against a noise-related comeback, they will reduce the odds
significantly. Moreover, these methods have been developed in the field by brake technicians and approved
by others using the same techniques.



Brake Pad Anti-Squeal: Pastes and Shims. Brake Pad Anti-Squeal Treatments. [Inquiry:] What's your
experience regarding brake pad anti-squeal treatments? I've looked at the following:

Lucas foil stick-on shim pads

Permatex spray-on elastomer for the back of the pads

Various glue-like treatments that leave a ribbon of elastomer on the back of the pads

Other techniques such as beveling the edges of the brake material, rounding off the metal backings,
etc. My 740 Girlings do not use pad shim springs. | have had good luck with the foil shims, but how
have you fared?

Shims. [Response: Don Foster] Try using the stainless shims (available from Volvo) behind the pads. Also,
there are Teflon sheets (also from Volvo) you can insert between the stainless shim and the pad metal
backing. Be sure the piston bears against metal. If you're truly climbing-the-walls desperate, there's some
"goop" you can put on the back of the pads to dampen vibration (squealing). I've used it, it works, it's messy.
But the shims are better (but from Volvo, not too cheap). [Response: Benjamin ] | too, tried the Lucas foll
backings, with no success at all. What finally worked on my Slaab was some cheap rubber-like adhesive
shims from NAPA. They cost about $3 per wheel, and stuck to the back of the pad like the Lucas foils,
however these were rubber, and work great. This is the only thing I've tried that works. | tried the Lucas foils
on my MetalMasters when | got them from SAS, with no results. | then put these rubbers ones on the MM's,
and presto, the first squeal-free Saab I've had in over 7 years of owning different Slaabs.

Caution: Aftermarket Pad Shims. [Editor] Several anecdotes have been received about Beck Arnley pad
shims, which can come loose and score a groove in the rotor which may lead to rotor and wheel failure. If
you use stick-on shims, make absolutely certain the pad backs are clean of grease before installing the
shims: spray them first with brake cleaner. Loose shims need to be carefully installed in the calipers before
finishing the job so they cannot migrate loose. Consider using paste or grease instead of a shim or stay with
the Volvo OEM version.

Synthetic Grease. [Response: Phil] For squeaky brakes get some synthetic brake lubricant or Dow Corning
compound 111...it's a heavy silicone grease...real heavy and tacky...melts at 500 degrees F. Put a layer of
this on the back of the pads. It won't wash off and they'll never squeak again. Don't get any on the pad
braking surfaces or you may not squeak again either. Lubricating the caliper mounts, shims and bushings is
also recommended to dampen vibrations here. The lubricant acts as a cushion to dampen vibrations. It also
helps the parts slide smoothly so the pads wear evenly (uneven pad wear is a classic symptom of a floating
caliper that is sticking and not centering itself over the rotor). How to apply grease: use a visible film of brake
caliper lube on all pins and other contact surfaces (yes, even ss shims coated with nylon, etc.), both sides of
the shims, and the backs of the pads in contact with the pistons. Don't worry about the stray dab on the
pistons' outer edges, just make sure the grooves on the clips on either Girling or ATE calipers in which the
pads slide are in place and properly lubricated. Your brakes should be fairly quiet

Anti-Squeel Paste. [Response: Ceferino Lamb] For anti-squeal, for about 10 years now I've used that thick
orange or red anti-squeal goo in the squeeze bottle. I've had no brake squeals since 86, when | sold the Pig-
0-Steel (Nissan 280ZX), so the goo seems to work well, and is universally applicable. | always change my
own pads and disks. You can buy it at almost any large auto parts shop (Pep Boys, Grand Auto, Kragen,
etc), under several brand names. [Tom Francis] The secret of using this stuff is letting it dry for about an hour
before the pads are installed.

Change the Pads. Semi-metallic pads and those with a high metallic content tend to be more noisy than low-
metallic pads or those with little or no steel or iron content. The best results are usually obtained by installing
premium pads. Most premium pads also have chamfers and slots to reduce noise. [Adam] Try removing the
pads and chamfering the all of the edges as well as removing any accumulated dust. A Dremel works well.



Rotors:

Brake Rotor Replacement
Front Brake Rotor Replacement.

Does the Brake Rotor Need Replacement? | have just replaced the front pads on my 740. When | was
changing out the pads | noticed that the rotors had a lip around the outer edge. The metal sticks out approx.
1/16 inch beyond the rest of the rotor. This is the area above where the pads normally contact the rotor. The
rotors do not seem to be warped. Should grind this outer edge off so that the entire rotor is of uniform
thickness? Does this mean that the rotors are worn down too much and therefore | need to replace them?
My new pads seem like they are too loose in the calipers. [Suggestions:] Regarding the lip, you don't really
need to worry about this, unless the pads are riding on the lip. But, it sounds like it's time for new discs. If
memory serves me right, new thickness of a ventilated disc is 22mm, min thickness is 20mm (for a solid disc
this is 14 and 11.5mm, respectively) so if you have 1/16 inch lip on each side, that's 1/8 which is 3mm, so
that'd put you at 19mm. How much can only be determined by measuring them with a micrometer and
comparing measurements with minimum standards.

Replacing the Rotors. Changing the rotors is very easy. With wheel off, remove the caliper (2 -13mm bolts)
and hang it up with a wire so it does not strain the brake hoses. Then remove the caliper mounting bracket
by removing the two 10mm allen or Torx-style bolts. If the latter, use a 3/8 drive or larger socket as they tend
to be difficult to turn. Unscrew the wheel locator index pin. Whack the rotor a few times with a mallet to
loosen it and pull off rotor. [Tom Irwin] Hit the hubs with a wire cup brush chucked in a drill motor, cleaning
off all corrosion everywhere the rotor mates with the hub. To avoid mismatch and subsequent vibration, the
hubs must be shiny clean EVERYWHERE that the rotors touch, even around the wheel studs. Wipe the new
rotor with solvent-based brake cleaner to remove its protective oil coating, Then replace the rotor, the caliper
mount, and the caliper. When reinstalling the wheel, see Anti-Corrosion Advice for tips on preventing stuck
wheel bolts and wheels. [Editor] While the manual suggests that you use new brake caliper mounting bolts,
general consensus is that this is unnecessary. They can sometimes stretch causing them to come into
contact with the inboard rotor surface. For peace of mind, use Loctite on the bolts when reinstalling.

Brake Rotor Identification. [Tip from Larry Jacobson] When | bought front disks for my '91 744T the Volvo
dealer said there are three disks that are stock on that car and they all look the same. The only surefire way
to get the right disk is to tell them the *exact* diameter and then they can match the part. When disks are
bought from an aftermarket source it's a crapshoot unless you haul in the old part and carefully compare it to
the new part.

Brake Rotor Balance. [Editor] See the note below to match the balance lines on rotor and hub and minimize
runout.

Brake Rotors: Premium versus Economy. [Tips from Counterman Magazine, August 2001] What's the
difference between "economy" rotors and "premium" rotors? Besides price, there are also differences in
rotor quality, performance, fit and finish. Premium rotors typically follow the design of OEM rotors because
rotors are engineered to meet certain noise, cooling, friction and performance characteristics. If a
replacement rotor does not meet the OEM criteria, it may take the brake system out of compliance with
FMVSS105 or FMVSS135 government safety standards.

Economy rotors may not meet these requirements and may decrease braking effectiveness and increase
pad wear. Because of this, some suppliers of premium rotors now "certify" their rotors as meeting all OEM
requirements. One reason for these differences is the metallurgy of the rotors. Economy rotors are typically



made in a less controlled environment, which results in poorer grain structure in the casting. This, in turn,
affects the hardness of the metal, pad wear and noise. Economy rotors may also contain unwanted
impurities, which can form hard spots, pits and pores in the casting. Premium rotors, by comparison, are
made using higher quality control standards. This results in better castings with consistent strength and
hardness.

Another difference between economy and premium rotors is that the former may not use the same number of
cooling fins or a different configuration. This may reduce cooling and increase the risk of pedal fade under
hard use. Surface finish is another difference that's hard to see, but affects pad break-in and stopping
performance. If a rotor does not meet OEM requirements for surface finish, it should be resurfaced before it
is installed. This shortens the life of the rotor and increases the risk of installer error or a comeback if the
rotor is not turned properly. Dimensional accuracy is also critical. This applies not only to rotor runout and
thickness variation (which can cause pedal vibrations, shudder and comebacks) but also all machined
surfaces including the size, location and centering of the hub opening, the lug holes and the overall diameter
and thickness of the rotor.

[Tips from Brake and Front End Magazine, Apr 2003] We have very good results installing slotted front rotors
as well as a cross-drilled style, as the factory doesn’t offer a heavy-duty rotor. The slotted rotors that we use
undergo a factory three-stage heating process that prevents warpage. They cost a few more dollars than
other brands, but they are well worth it when comebacks for this problem become history.

[Note from Tom Irwin] There is some evidence that Volvo OEM brake rotors for 960/90 cars are of lesser
quality; buy aftermarket for better quality and lower prices from reputable suppliers such as IPS, FCP, IPD,

RPR.

ABS Sensors. Do NOT remove or adjust the ABS sensors while changing pads or rotors. See Brake Rotor
Removal on 740 with ABS . But DO clean them and the behind-the-rotor reluctor wheels off with a soft brush.

One-Part Hub/Rotor Versus Two-Part. In 1988, Volvo changed the front brakes from an integral one-part hub
and rotor to a separate two-part hub/rotor system. In changing rotors while looking at a Haynes manual it's
easy to get screwed up on the later two part hub/rotor. The manual suggest that there may be some
problems removing these and that a puller may be necessary. No puller is necessary (just use a mallet on
the back of the old rotor. You do have to remove the caliper holding bracket...remove the calipers and hang
them with a piece of coathanger wire out of the way. Use a long bar and socket wrench to remove the two
bolts that hold the caliper bracket on. Put them back with proper torque and blue loctite. You DON'T need to
use new bolts unless the bolts won't torque up. Remove the conical wheel locating pin: it holds the rotor on.
Make sure the new rotor and the hub/rotor mounting surface are clean when you put the new rotor back on.

Rear Brake Rotor Replacement. [Tip] Because the parking brake drum shoes are inside the rear brake
rotor, make sure the handbrake is NOT applied when trying to remove the rear rotors. Corrosion can cement
these in place so be prepared to knock them off. See below.

Brake Rotors Rusted On. [Inquiry:] | need advice on removing a rear brake disc that rusted solid on its
hub. The parking brake is off, and | am able to manually rotate the disc, so | know its not the drum brake
holding it. More than a few whacks with a mallet didn't help. I've sprayed penetrant wherever | could.
[Response:]

1. If you DON'T plan on changing your rotors (only for re-surfacing):

. let some penetrant (Liquid Wrench, PB Blaster) soak on the lug nut studs for as long as you can
(where the studs meet the rotor). This is the location of most of the trouble. If you plan on keeping the
rotors, don't get any on the "pad area" of the rotor.
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. remove the wheel, replace the lug nuts back on the bolts for a couple of turns (so the top of the bolt
doesn't show through the nut) and tap the head of the nut swinging towards the car. Ddon't use a
hammer on the pad-area rotor. You can medium-tap the circumference of the center portion of the
rotor as you spin it, also. It takes patience (My 1985 BMW 325es rears took me 2 hours). Editor's
note: use a soft-faced mallet.

2. If you DO plan on changing the rotors:

Follow the steps above, but with increasing force. If it is STILL stuck, crawl under the car (which must
be properly on jack stands), face outward and spin the rotor while WAILING on the outside edge of the
rotor with a mallet/hammer (outwards). It WILL eventually come loose.

Just try not to have any part of your body under the rotor when it pops off (usually you can tell it's about to
go). Editor's note: use a thin coat of anti-seize on mating surfaces between hub and rotor to easy later
disassembly.

Brake Rotor Installation Techniques to Minimize Pulsation.

[Editor's Note] Per the Volvo manual, match the balance mark on the rotor (a short line at one spot on the
hub portion of the rotor) with the balance mark on the hub, a short line on the shoulder of the hub bearing
cover. Look closely through the rust: it's there! This matches the rotor and hub and minimizes runout. Make
sure you have removed all rust from the portion of the hub that contacts the rotor.

[Tech Tip from Wagner Brake] If the balance lines are not present or are invisible when replacing or
removing the rotor, refer to the following service procedure to minimizes hub/rotor "stacked" runout:

1. Completely clean the hub area contacting the new/turned rotor.
2. Install the rotor on the hub, securing it with at least three lug nuts tightened to 20 Ib. ft. (27 N-m) for
testing.
3. Using a dial indicator, determine the total runout of the system. The total rotor and hub runout must not
exceed .002" (.05mm).
4. If the runout exceeds .002", proceed as follows:
o Remove the rotor and rotate it clockwise until the next hole lines up with a stud;
o Secure the rotor in the new position, reindexed as described in Step 2; and
o Repeat the checking and rotation (reindexing process) until the system measures .002" or less
total runout.
5. If .002" (.05mm) or less runout cannot be reached, the hub should be replaced and Steps 2 through 4
repeated when the new hub/rotor is installed.

Make sure you reinstall the wheel lug nuts with proper torque values.

Rotor Turning and Torque.

Should | Turn My Rotors? Volvo does not support or advise re-machining of brake rotors, ever. If you look at
the machines most shops use to do this work they decide where to clamp the rotor down by eye-ball. When it
goes back on the car it is usually worse than when you started. And when you get new rotors - DO NOT let
anyone turn them before installation in order to "true them up”. They are new, and in the best condition they
will ever be in. Don't let anyone screw them up before you ever use them. If your turned rotors are pulsating,
| suggest you throw them away and start over with a new set.



Wheel Torque and Warped Rotors. Volvo rotors will warp like crazy if the wheel nuts are over-tightened and/
or not tightened evenly. If you see someone use an air wrench on your lug nuts when installing your wheels -
warped rotors are just a few miles away. Our 1988 760 has gone through several sets of rotors. The problem
has been solved since | now insist on a torque wrench being used after the lug nuts are hand tightened.
Current rotors have over 40,000 miles and are living well. When you have work done at a tire shop they are
there to do what you need done, not what is the fastest for them. Let them use the air tools on someone
else's car.

Calipers and Guide Pins:

Caliper Guide Pins: Maintenance

Guide Pin Discussion. In the Girling front brakes there is a retainer cage that fastens to two "ears" on the
axle assembly. There are 2 hex socket bolts that hold this retainer on. At the back of the retainer are two
sockets that each receive a floating locating pin encased by a rubber sleeve. The caliper is bolted to these
pins so that it is free to move sideways a centimeter or so. The pins have to be lubricated and free to move.
In my case one of these pins on each side was frozen and not moving. Thus when the brakes were applied
the pistons were able to push the inside pad out but the caliper was not able to move in and pull the outer
pad into firm contact. This caused noise and pulsing. [Tip] The front caliper is held by two floating guide pins
which move within a bushing fitted into the caliper. Often this bushing shows corrosion and the pin can not
be moved within the caliper. If so, the brake performance decreases as the two calipers cannot press the
disc properly. To inspect the functioning of the brakes: remove the guide pin bolts and pull the caliper up and
away from the guide pins. You should be able to easily move the guide pins in and out. If not, the pin or
bushing is corroded or in need of lubricant.

Removing Caliper Guide Pins. [Tip from John B] On Girling it's pretty straightforward: remove the fixing bolt,
pry the collar on the rubber boot from the caliper and then the boot and the guide pin should come out. Lube
the new pin with synthetic brake grease and insert it, put the new boot over the lip and press the collar on so
that the ridge on the rubber collar fits in the recess on the pin. On Bendix, it's a little more difficult, you have
to ensure the ridges on the boot inside mesh up with the indent on the boot mounting ridge. [Tip from
Randy] Unless they are seized the guide pins simply slide in and out after removing the brake pad. If they
are seized a good soaking with Aerokroil (or your favorite penetrating liquid) along with the application of the
correctly sized socket to add torque and a hammer to add vibration will help. Clean the hole thoroughly and
apply an anti seize compound before assembly. | actually sprayed a lot of Kroil into the boot and let it soak.
The best aid in having penetrating fluid work is TIME- as in long soak time. [Chris Herbst] One effective way
to free the pin is to turn it back and forth while trying to extract it. It's not the easiest thing to do, and if it
doesn't work, you are going to be in the market for a caliper carrier, which is not expensive.

Lubricant Recommendations. [Tip from Motor Magazine] Most brake lubricants suitable for use today are
silicone-based; petroleum-based lubes may cause some newer rubber components to swell. [Editor] Use a
brake lubricant specifically made for use on the guide pins; most will say "synthetic" or "silicone". Replace
any torn rubber covers. Check the operation and lubrication of the guide pins at each pad change.

Rebuild Kit. Volvo has available a repair kit for the lower caliper guide. Cost for the Bendix version is
approximately $30 US. Repairing the damaged caliper guide with a kit may be preferable in some
circumstances for some owners. The heart of the rebuild kit is a new guide pin with a different design from
the old one. Actually, there are two guide pin rebuild kits: one for the lower guide pin only, and one for both
upper and lower. The lower guide pin is the one that is most often jammed. To determine whether either of



the guide pins are jammed, remove the wheel and brake pads, and pivot up the caliper. The caliper should
move freely and easily back and forth on the upper guide pin. The lower guide pin should easily move in and
out. If a guide pin is stick in position, it needs to be repaired or replaced. Since the rebuild kit for the lower
guide pin is only around $25, | recommend it.

Guide Pin Bore Maintenance. [John Sargent] To remove light corrosion from the caliper guide pin bores, use
a 10mm rifle or .410 gauge shotgun bore cleaning brush in a drill to clean them. When replacing the pins,
lubricate with the high temperature silicone brake grease noted above and make sure the rubber boots are in
good condition.

Caliper Guide Pin Troubleshooting:
Pulling Brakes or Uneven Wear: Caliper Guide Pin Wear or Corrosion .

[Symptom 1: My 740 '86 had just turned 100K mi. but it seems to me that every time | step on the brake the
car pulls towards the right.] [Symptom 2: Abnormal or unequal pad or rotor wear.] [Diagnosis 1:] It turned out
that the caliper slide pin was stuck. The left disk got very hot, because the outer brake pad was constantly
pressing the disk and that's why the left front brake was more effective than the right one (because the disk
and pads were cold). Also the outer pad wears faster than the inner pad if you have this problem. | simply
sanded the rust off the slide pin bore so that the slide pin moved easily and then lubed the slide pin and
reassembled the caliper. It might also be a stuck brake piston. So check the pistons, they should move quite
easily. | have also rebuilt all four calipers because some pistons were stuck. In my case the pistons were in
excellent shape, but the bores in the calipers were not. So | just removed the rust from the bores and rebuilt
the calipers with new gaskets and dust boots.

[Diagnosis 2:] Your problem might be the same as on my '87 745: the guide pins on your calipers may have
worn or corroded, which causes them to grab the pads and hold them against the rotors. Voila, premature
pad and rotor wear, as well as poor acceleration and gas mileage. The guide pins are a fairly inexpensive fix,
and the difference on my wagon was attention-getting.

[Diagnostic Note:] I have found that a damaged lower guide pin is easily detected. One may not need to
completely reassemble the caliper to perform the check. If the guide pin is badly damaged, as mine was, the
lower guide will be frozen in place with no in/out play. You can remove the bushing from the caliper carrier by
pushing with an appropriate tool (a 13mm socket). Lots of force may be required if this bushing has not been
removed for long time. Clean bushing AND inside caliper with fine sandpaper or a rifle cleaning brush. Put
copper grease on the bushing and slide the bushing inside the caliper. This should be possible without force.
Make sure the bushing allows the pin to slide freely and is not too loose. Mount the caliper without the brake
pads, and check if the unit slides easily left and right. (Lower bolt to be fixed). Re-mount the brake pads.
Mount the wheel and spin it around. Put some Locktite on the thread of the lower bolt and tighten the bolt to
25 ft-Ibs. [Assembly note: A common cause of damage to the lower caliper guide pin is over-torquing the
guide pin bolt, common when replacing brake pads.]

[Cautionary Note:] Repairing or rebuilding a stuck caliper guide pin may not cure the problem of pulling under
braking. Anything that causes a major mass to suddenly shift under braking can and will cause the car to
pull. Examples of things that can cause this are worn or broken engine mounts and worn out suspension
bushings. So, when you're working on your Brick's brakes, check the condition of the motor mounts and
suspension bushings. You may find that you need more than brakes. Of course, this makes a perfect excuse
for a set of IPD bars as part of the suspension rebuild.

See also the discussion of caliper binding and brake hose deterioration. Pulsing Brakes: Caliper Pins




Seized . [Report: Don Willson] Pulsing brakes fixed. 1989 765T with ABS and 135,000 miles. | have not
seen this solution discussed though there has been plenty of comment on the problem and other remedies.
The symptoms were a pulsing of the brakes when light pressure was applied. | thought that it might be the
over tightened wheel bolts or a warped rotor. So | jacked up the front and started investigating. Yes the
wheel bolts were too tight but the rotor was true, they had been turned last June. What | found was a retainer
locating pin was frozen in place. In replacing pads about 4 times on my wife's 744 or my previous 745 | had
never realized that there might be other problems though if it had been a snake I'd have been bit.

One locating pin was free to move, | could push it in and the grease seal bellows would push it back out.
However the other was stuck. With about a half of an hour of twisting and prying | was able to remove the pin
without damaging the retainer though the pin was trash. At Volvo | found that you can only by a kit, 4 pins, 4
bellows, 4 caliper holding bolts and a tube of grease for $98. | objected but bought the kit.

Reassembly was simple though I did clean out the pin sockets and polish the inner diameters with
Scotchbrite on a stick on a hand drill, or use a cheap brass rifle cleaning brush. Reassembly was simple with
a liberal supply of grease and properly fitting the bellows. Then locating the brake pads and slipping the
caliper over the pads and fastening the caliper bolts to the locating pins. Since these pins are free to rotate a
thin 13mm open end wrench comes in handy to restrain the pin while tightening the caliper bolts.

Since | had the pins | decided to check the other side. | was not so fortunate, one pin was stuck so hard it
twisted off and | had to get a replacement retainer, $10.

My recommendation is that when replacing pads and or disks you check both retainers by pushing them to
the outside of the car. If they do not move freely remove the retainer (2 hex socket bolts) and get to a vise
where you can work the pins out. Replace the pins and bellows. Even if the retainer moves smoothly it might
not be a bad idea to remove the pins, careful not do damage the bellows, clean the socket of old grease and
any water and relube the pins. | suspect the grease is a silicone as it is water white (about like KY).

[Editor] See the notes under Caliper Corrosion and Brake Hose Deterioration for similar symptoms caused
by deteriorating rubber hoses.

Brake Calipers Rattle: Guide Pin Wear. [Tip from Dave Stevens] TSB 51907 dated Feb/94 covers '83-'91
700 series with Girling (Lucas) 2-piston front brake calipers. It simply mentions that excessive wear between
the caliper guide pins and their bores might, in some cases" cause a rattling sound and that a guide pin
replacement kit is available (P/N 271854-2) containing guide pins, bushings, dust seals and mounting bolts.
Obviously this was not a totally uncommon problem for Volvo to have even bothered writing up the TSB.

As you and the others notes, a much more likely cause for front brake rattling noise is a broken anti-rattle
spring on one of the brake pads. You can inspect these without removing the pads. If you're going to change
the pads you should always pop the dust covers, clean and lubricate the caliper guide pins using high temp
silicon grease. Use the same grease between the back of the pads, the stainless anti-rattle plates and the
piston faces to help minimize any tendency for your brakes to squeal. If you've got ABS, now is also the time
to clean up the tips of those sensors (check the 740 FAQ and archives for notes on this).

At every pad change you should check each guide pin in its bushing -mine wiggle a little and this is probably
normal, but slop is not. This gives you a chance to properly clean and lube the guide recess. Shoot with
spray brake cleaner and use a rifle cleaning brush to clean the inside of the bore. When removing a caliper,
hang it up with a length of coat hanger wire or a plastic tie to prevent damage to the brake lines.

Sticky Caliper: Internal Corrosion. [Inquiry] Despite replacing componens, | still have what seems to be a



bit of pad drag (very intermittent, comes and goes). Should | suspect a sticky caliper piston?

[Response: Gene Stevens] Jack up the car and take the wheels off. Have an assistant push the brake pedal
down firmly while you carefully watch the piston when the pedal is released. By design, it is the soft piston
seal reforming itself to a square cross section that draws the piston back slightly. It does not take much
interference to keep that from happening. Remember, there are no return springs on a disc brake. A bad
caliper will not "walk" back and forth with pedal pressure. (FYI, it is the piston finding its position on the
pressure seal, and taking in fluid when the pads wear, that make disc brakes self-adjusting.)

The NUMBER ONE reason for piston drag is moisture getting behind the dust seal, collecting at the bottom,
and causing a slight buildup of rust on the land between the dust seal and the pressure seal. The rust
actually touches the piston and keeps it from free movement. These seals are usually damaged DURING
service (carelessness when sliding the caliper over the pads or the use of spray goo on the inner pad). That's
why the "bad" caliper symptom often appears shortly after the first rain after pad replacement.

If the pistons move nicely, rebuilding the calipers probably won't fix your problem (but it is good P.M.). | had a
similar problem with the same single piston setup on mine, and found the stainless steel guide plates and
preload springs had little dings in them from years of service, causing a grippy surface for the pads to ride
on, so they didn't slide as freely as they should. A $12 hardware kit fixed the problem.

If you DO rebuild the calipers, scrape any rust buildup you see on the thin area between the seals. If you find
signs of rust BEHIND the pressure seal, it means there was moisture in the fluid and it was not bled every
few years. Caliper bore surface is NOT critical, so scraping is allowable, but piston surface must be perfect.
Scored or pitted pistons must be replaced.

Rebuilding Calipers

Rebuild It Yourself or Buy a Rebuilt Caliper? [Tips from Editor/Chuck Jeckell] The shop | worked in insisted
on rebuilding calipers in-house. 60% or so had pitted pistons and/or bores. Caliper repair kits don't come with
pistons or sleeves, so I'd buy the rebuilt calipers from a reputable rebuilder. Consider the cost and quality of
doing it yourself: you do not have the tools or the expertise to extract rusted bleed screws, re-tap threads,
polish pistons and bores to correct dimensions or insert sleeves, and make the caliper leak-and-seizure-free.
Buy a rebuilt unit with a guarantee.

Quality Checks on Rebuilt Calipers. [Tip from Larry] Most rebuilders of Volvo parts are up to speed on the
necessary quality of the cores they rebuild. However, Girling placed a cast-dimple at the bottom of each
"half* of the front calipers. Mis-matched, incorrectly-rebuilt front calipers will have a dimple at the bottom and
a dimple at the top. The resulting internal cross-directed hydraulic pressures will cause bleeding problems
and weird failures of an otherwise sound brake system: remember a Volvo without ABS has 2 separate
hydraulic systems. Second, take metric wrenches with you to the parts store make sure the bleed screw
threads in the caliper are capable of holding the bleed screws, and while you're at it, do a visual inspection of
the threads and seals in the caliper. Occasionally a Volvo owner/mechanic will break a brakeline as it enters
the caliper. Rebuilders have been known to ruin the caliper threads when they remove the broken flare-nut
from the caliper body, so you gotta look there also. The test will come when you install them and bleed the
brakes: look for leaks and piston seizures. Often the brake pads used in rebuilt sets are at the low end of the
quality scale; you may want to replace them. In any event, make sure the new pads will fit the rebuilt
calipers: sometimes the rebuilder refaces the inner surfaces and does not leave room for the pads. Avoid
these problems by purchasing only high-quality rebuilds from a reputable retailer who will back the parts if
problems arise.

Removing Caliper and Installing a Rebuilt Caliper. The only difficulty installing a caliper is likely to come from
corroded brake pipe or line fittings. See the notes below for tips. To keep fluid from escaping the master
cylinder with a brake line open: 1) Disconnect battery negative (or pull relevant fuse) to keep brake lights off.
2)Connect a bleeder hose to the caliper (hose routed to waste container). 3) Open the bleeder, then slowly



press the brake pedal to the floor and block it there till you are finished. 4) Slowly press the caliper piston
back to expell as much fluid from caliper as possible. 5) Close bleeder and remove caliper for bench work.

Ignore the Above and Rebuild Them Yourself? Check This Advice First. [Tips from Dave Stevens] Here are
some caliper re-build tips from my own experience with my '95 940 (Lucas-Girling jumbo type 2 w/ABS).
Unless you have access to compressed air, before removing the caliper and disconnecting the line, pop the
piston almost all the way out using the brake pedal. Use the backing plates of old disc pads (or something
equally thick) as a guide to how far you can safely push the piston out before it is about to go past the seals
and spill fluid all over the caliper. To fully remove the piston, | prefer to do it on the bench to minimize the
mess, but you can also swing the caliper away from the rotor and wrapping it in a towel use brake pressure
to push it out. When removing the caliper you can clamp off the hose using something wide that won't
damage the hose and its interior lining -a section of heater hose or a wound rag with locking pliers works fine
for most people. Once on the bench you can usually easily blow the piston out with air (a tire pump with one
of those tapered plastic fittings will often do the job). If you have trouble getting the piston out it's best to put it
back on the car and use pedal pressure. Although not recommended, you can twist and pull the piston out,
but you mustn't risk scratching the outside of the piston with anything like pliers. Either grab the rough inside
of the piston with expanding pliers or try something like wedging in a single jaw of a large pair of channel lock
pliers or use something fairly benign like an F-clamp with those plastic jaw covers or a smooth faced c-clamp
wrapping a few turns of protective tape around the protruding piston.

The front caliper repair kit from Volvo includes two sets of piston dust covers, seals, guide pin dust covers
and guide pin brake grease. Take this opportunity to replace the seals as well as the dust covers. It wouldn't
be a horrid idea to do both front calipers to keep them performing evenly -a sticky piston can cause some
initial pulling during braking. The caliper seal grooves are slightly tapered to aid in sealing and retraction. It's
sometimes hard to tell, but the seals (at least the ones I've encountered) have a slightly tapered cross-
section to fit these grooves. Use calipers (the measuring kind) or try to stand the seal on edge on a smooth
level surface to determine which, if any, would be the narrow edge of the seal -it installs as the leading edge.
Lubricate all mating surfaces with lots of clean brake fluid as you go, especially the inner seal and the back
edge of the piston. Pull the new dust cover onto the back of the piston. It will fold inside out as you do this,
just fold it back so the lip is sticking out and can be inserted (pushed) into the caliper slot.

Now you're ready to push the piston back through the dust cover lip. Although not usually a problem with this
caliper design, to avoid damage to the seals press the piston straight in and not at an angle. Advance slowly.
Apply force in the center of the piston using something like a large c-clamp. If the piston or clamp walks to
the side immediately back off and straighten out. Initially it may seem like you're using a lot of force, but as
long as you remain lined up it will suddenly pop into place and move in easily. Once it's pushed in all the way
make sure the front lip of the dust cover is properly seated over the piston.

When re-installing the caliper, lube and check the caliper guide pins for wear and replace as needed. After
the hose is reconnected, remount the caliper loosely and perform an initial bleed (note that DOT4 fluid is
called for). Then remove and hold that caliper facing down at an angle and tap the caliper vigourously with a
mallet to dislodge any air bubbles that may be clinging to the walls inside the caliper, on the piston and
around the seal so they will float to the top. Re-mount the caliper and bleed some more until this process
runs clear. Torque the caliper mounting bolts properly to 105 Nm (930 inch-lbs). FYI it's 30 Nm (265 inch-lbs)
for the guide pins and an even 90 Nm (63-65 ft-Ibs) for the wheel nuts. Read the FAQ sections on bleeding.

Replacing the fluid and then pressure bleeding is certainly the best way to go and doesn't need a helper.

Rear Brakes:



Rear Ate Caliper Pins. [Inquiry] When replacing the rear Ate brake pad securing pins, is Loctite required or
would spring tension be sufficient to hold them in place? [Response 1: Tom Irwin] No way dude! Loctite
there will ruin your day. As you install the pins, notice the truncated, conical sleeve that is at the head of the
pin. | usually give each one a light kiss with a hammer to seat them a bit more firmly. However, the tension
springs are designed to retain the pins. [Response 2: Alan Carlo] Spring tension holds the pins in place. |
put a light coating of anti-seize compound on the pins to prevent them from rusting in place. | have been
doing it this way for many years without a problem. Inspect the pins though and if they are badly rusted or
the spring on the end is damaged or missing replace them. | usually seat the pins with a pair of channel lock
pliers as the spring makes it hard to use a hammer and punch.

Rear Brake Disk Removal. [740] Chilton's repair manual tells me to remove the center grease cap when
replacing my rear discs; but it does not appear to have grease caps and is not obvious to me how to remove.
[Response:] Had mine off last week. The disks fit pretty snugly over the axle hubs and a bit of rust can glue
then in place. Try knocking them loose with a few hammer blows. Also, you may need to loosen the
handbrake adjustment (inside the car) to let the disk clear the shoes.

Rear Brake Piston Rotation. [Inquiry:] I'm about to attack one of the ATE calipers on my wife's 740 to cure
a squealing brake problem. I've been thinking it must have a stuck piston, but in doing a little pre-reading in
Haynes (good illustration) and Chiltons (well....), they talk about the pistons being in the proper rotation and
its effect on brake squeal. It seems there is a little step in the piston surface that meets the pad, and it is
supposed be oriented to 20 degrees. | never noticed they were built that way. Does anyone know if it is very
likely that they ever get rotated out of the proper position, and if so, what's the effect? [Response: Jim Holst]
The ATE piston is supposed to be oriented in the bore so that the part of the piston in the direction of the
forward rotation of the rotor is slightly higher than the other side of the piston to reduce brake squeel. The
piston notches are angled 20 degrees from front to rear. According to the manuals, you use Volvo special
tools 2919 and 2918 to measure and turn the piston. Not having the special tools, | just replace the pads and
assume the piston hasn't moved in the bore. To turn the piston in the bore you need a tool which will fit inside
the piston and expand to grip the piston. Sort of a c-clamp in reverse. [Response: John B] There's supposed
to be a stainless steel shim between the piston and the pad...the shim has two punch-outs that fit in the rear
caliper pistons at the proper angle. Although you can use the special Volvo tool or make one yourself, I've
been satisfied with eyeballing the angle using the shim....the piston can be rotated with a needle nose pliers
or a screwdriver tip...be careful not to tear the rubber dust cover/seal.

Parking Brake.
Adjustment:

[Inquiry:] How do | adjust my parking brake? [Response: John Kaiser] Remove the rear center ashtray
from the console and the plastic mounting plate behind it by prying slightly on the two locking tabs on the
bottom using a thin knife or screwdriver. Adjust the cable housing with wrench or pliers so that the handbrake
lever can be tightened to 7-8 notches of which the first two must be free travel. Braking action should be felt
at the fourth to sixth notch. To tighten, rotate clockwise. Also check cable at rear differential left side.
Sometimes the cable pivot wears and comes loose. You may have to check the parking brake shoes by
pulling rear rotors if you cannot procure satisfactory p-brake adjustment. [Response:: Leo R.] Adjustment: If
you remove the ash-tray-holder behind the lever cover you'll see an adjustment for the whole brake. In cars
without "multi-link" (the majority of 740's, it is common that one of the 2 brake cables is going to fail due to
broken strands or a loose or rusty fastening which couples the right cable to the left. Easily seen when you
lift up your car a little.



Cable Replacement:

Replacing One Side of the Cable. [Inquiry] How do | replace one side of my emergency brake cable?
[Response: Peter Fluitman] Remove the right wheel and the caliper (no need to break into the hydraulics).
Then pull off the rotor which is secured by the screwed-in guide pin. Remove the handbrake shoes. The
cable is held in by a pin in the actuating mechanism. Assemble the cable in the mechanism and feed it
through the backplate. Remember to put the rubber boot back. Feed the cable through the 2 loops on the
axle casing. Then attach the other end of the cable. You'll need to slacken the cable off inside the car
underneath the centre console (you shorten the outer cable). You'll need a couple of new R clips for the
clevis pins. | normally remove both, clip the link to the new cable, then stick it back onto the pivot on the axle.
Re-fit the handbrake shoes, the disk and the caliper Adjust by setting the cable back to give you 5 or 6 clicks
on the ratchet.

Replacing the Long Cable Assembly to the Console. [Tips from Ken] A few months ago, the little ‘peg' on the
end of the cable that goes into the parking brake lever broke, leaving me with no parking brake. Not a big
deal since the car is an automatic, but something I still like having the use of. The job started out by opening
up the center armrest/console area and removing the rear ashtray and ashtray mounting fixture. Loosen up
the cable to the max by turning the plastic adjusting nut as much as possible.

Loosened the lugnuts of both wheels (just in case) and jacked up the rear of the vehicle (after chocking the
front wheels on both sides from rear and front... THIS IS A MUST) and placed it on jackstands. Herein lies
the troubles that | encountered: | do not have a nice floor jack. | have a bottlejack. What happened is that the
bottlejack brought the vehicle up to a nice height, BUT when | lowered the car back down on jackstands
located under the axle, the car would lower even more since the weight was still on the suspension. This
resulted in a very low clearance. Not the ideal situation for getting under the vehicle. You need a good
amount of clearance to comfortably get under the vehicle to disconnect things.

Second problem. The long cable goes to the LEFT parking brake. | removed the left wheel and rotor and
removed the brake shoes. Removing the parking brake shoes is a huge pain because of the strong springs.
While | was at it, | banged out the wheel studs because they needed replacing. Figured it was a good time to
take care of it. | threaded the leftside cable back towards the center of the vehicle where there was a little
mounting piece and started disconnecting things. There are 2 cotter pins and R-type retaining clips there.
This is where my second problem occurred. One of the pins and clips came off with no problems. | chose to
save and reuse the clip. The other clip came out without a problem but the pin was rusted in there pretty
solidly. This pin held the rightside cable in. Great, time to break out the PBlaster spray. After wiggling and
banging at the pin for a good 10 minutes, it came out.

Finally, with everything disconnected, | threaded the cable back. About 1/2 between the rear axle and the
hole into the console inside the vehicle, there is another retaining bracket. In order to remove the cable, you
have to undo the bracket, at least | think you do. This requires a 10mm wrench for one side, and a 10mm
socket for the other side. Finally, a little yanking and tugging and a lot of bad words later, | got the cable out.
Putting the new cable in was very, very easy and you basically just do everything in reverse.

So, what have we learned? If you have a lift and power tools, this job will take you all of 15 minutes. If you
are like me, it will take you 2.5 hours including cleanup time. On the plus side, | have a working parking
brake again, and it feels much more smooth and consistent than it used to before!

960 Cable and Shoe Replacement

[Tips: Paul Golden] In a 960 with independent rear suspension, the rear e-brake hardware and shoes and
dust shields were all gone and the cable from lever to axle was broke, all thanks to extensive rusting. There
was no way | was taking out the gas tank to access the cable above. | was able to replace the cables by
removing the exhaust system behind the catalytic converter as well as the heat shield. There is a cable



clamp close to the heat shield that holds the cable off the heatshield to prevent rattles. | removed the center
console and fished the new cable from inside. The two other cables were not fun. The aluminum had
oxidized around the steel sleeve and made the cables very hard to remove, but with patience, lots of PB
Blaster, and a pair of vise grips on a slide hammer | was able to work them out. | cleaned up everything and
made sure the cable routing matched the original installation. The new dust shields were quite difficult to
replace: they do not fit over the rear hub. | had to make a small cut in the new shields and remove the studs
from the hub to get the job done. Installed new springs, hardware and shoes, put the studs back in hubs,
installed rotor and brakes, adjusted hand brake and reinstalled the center console, heat shield and exhaust.
Total job was over 7 hours and not fun. But if | had followed the manual it would have been much longer.
[Tip] In my case, the cable was caught above the gas tank. One can barely get a 1/4 drive wrench above the
axle to remove the cable clamp. | had to undo the corroded nut on the exhaust side and all the nuts in the
front and back, the latter of which are the worst to access. If you have to replace the cables make sure to buy
the clip that holds the left rear cable to the end of the front cable.

[Inquiry] | have a 95 960 sedan that has a parking brake that went south. The handle and shoes don't
respond.[Response: John Shatzer] My experience with the V90 is that the shoe assembly rusts out, not the
cable. When this happens, the brake level is loose (no resistance). Replace the parking brake shoes.

Shoe Failure Due to Rust.

[Jim Bowers] Most cars need to have a working handbrake to pass state inspections. | had already replaced
the shoes on the right side as the friction material broke off when | opened it up for inspection to see why
they wouldn't adjust very well. On the driver side the friction material was loose for about half the length on
both shoes. Rust had separated the friction material from the shoe. This happened to my on the 745 as well.
| guess if you live in the "salt belt" you should plan on replacing handbrake shoes every 8 years or so. By the
way, in replacing the friction shoes, getting the return spring in place took several tries using different
approaches. Finally, a big screw driver resting on the hub lifted the end into the shoe's hole. Easy once you
have a viable method, but almost impossible otherwise.

Shoe Replacement Tips.

[Inquiry] After replacing my parking brake shoes, | can't get the rotor back on. The adjuster is full loosened.
[Herb Goltz] There are a couple things to check-- first, did you free up the actuators that the cables connect
to? They should pivot at two points, not just one. | live in the "rust belt" and have yet to encounter a set that
weren't at least partially seized on my last 3 Volvos. Antizeize is your best friend once you get them moving
again. Your car probably won't have the star adjusters in it, rather it will have a piece of flat stock with
notches in each end. Make sure that the new shoes fit all the way into the notches in the flat bar (I have had
to do fine fitting with a small file on two cars). The other possibility is that your cables are seized in their
sheaths-- you can check their operation once the shoes are in place but before the rotors go back on. One
final thing that | have encountered is cooked return springs on the shoes. [Mark] | like many others couldn't
get the new rotor back on. | called the dealer and a mechanic gave me the BIG HINT. He said it was a two
person job: one person pulls the cable towards the brake to allow sufficient slack to compress the shoes. He
also said remove the center console and make sure that the cable was "Real Loose" by adjusting the hand
brake adjuster out. | asked about the expander and if it should be replaced: he said they last a long time and
to just clean and lubricate it. So | put the long spring on the shoes: stretch the spring out by first clipping in
the bottom end and then with a long thin flat head screw driver, using the small hub and axle as a lever, get
close to the upper notch and then push it in using another screw driver in the other hand. | placed the disc on
the wheel lugs and while hunched over the brake | pulled the cable towards me while using my knees to
press on the rotor. It went on like a charm.



Master Cylinder:

Don't Ruin Your Master Cylinder While Bleeding. [Editor] Master cylinders can develop a corroded bore
outside the area swept by the seals. If you bleed your brakes using the brake pedal, press the pedal only as
far as it normally travels and no farther. If the seals enter the corroded area, they will almost instantly tear
and the master cylinder will be ruined.

Replacement and Bleeding. [Editor] To replace your master cylinder:

1. Spray the brake fittings under the master cylinder with PBlaster. Place rags under the master cylinder

to protect your paint (brake fluid dissolves paint).

Disconnect the brake fittings and 7mm master cylinder mounting nuts.

3. [Manual transmission cars] If you have a hydraulic clutch, disconnect its hose from the reservoir and
block the hose connection.

o

4. Remove the master cylinder
5. Don't consider rebuilding it: buy a rebuilt unit from an auto parts store
6. The end of the servo pushrod should extend slightly beyond the face of the servo body by the
following amounts:
Models to 1991 Models from 1992+
10" 2X8" 10" 2 X 8"
Without ABS 2.5mm 2.5mm 2.5mm 2.5mm
33.4mm incl
With ABS 0.5mm spacer 2.5mm 2.5mm
7. Install master cylinder and tighten nuts to 23 Nm or 17 ft-lbs.
8. Reconnect brake fittings and clutch hose.

9. Bleed brakes. To bleed the master cylinder, pressure bleed the system WITH THE OLD PADS until
the fluid runs clear, then press the pistons back in the calipers without loosening the bleed screws and
install new pads, thereby reverse bleeding the master cylinder. Don't do this on ABS-equipped cars.

10. Pressure test by pressing hard on the brake pedal for 30 seconds and inspect the master cylinder for
leakage.

Brake Hoses

Brake Hose and Line Replacement. [Inquiry:] Can anyone explain the details of replacing brake hoses and
lines on a 1985 740? How long can | expect the factory originals to last? Do the hoses suddenly fail when
old? [Response:] It is very unlikely that the original hoses will suddenly fail at ages less than 15 or 20 years
unless the hose had been subjected to abrasion, cutting, or severe stretching/bending while working on the
car. The mode of failure is usually loss of rigidity allowing the hose to 'balloon’ under pressure so that the
brake system pressure is not completely transmitted to the caliper - result - soft pedal. The other potential
mode of failure is that the inner liner of the hose becomes soft and collapses inside the hose - the brake



system pressure is transmitted to the caliper, but when the pedal is released, the hose collapses and acts
like a check valve keeping pressure on the caliper - result is dragging brakes, overheating and warped
rotors, and excessive rotor/pad wear. If your car is more than 10 or 15 years old, check those rubber lines
carefully. If there are signs of deterioration, or if you can feel the line expand at all when someone steps hard
on the pedal, then it is time to replace.

You can buy the IPD DOT approved stainless braided brake lines for about the same price as the Volvo
replacement parts.

Tool Requirements. DON'T USE A WRENCH that DOESN'T FIT PERFECTLY!! Don't use an open end
wrench, an English 7/16 size, or the wrong metric size (most fittings are 11mm or 14mm); don't proceed until
you get a wrench that fits right/tight on that particular fitting. Buy tubing fitting (“flare”) wrenches - here it is
worth avoiding the cheap grades of flare wrenches, since they are not thick enough and will spread enough
to round the nut. Buy a good professional set - they will work a lot better, and even though they may cost
more than the inexpensive brand, if it saves you one or two fittings, they are well worth it. Also, if there is
evidence of steel tube twisting as you attempt to loosen, put on more penetrating oil and work it back and
forth a very small amount lots of times. It will gradually work loose because the torsion of the tube inside the
fitting will crack the rust. Takes lots of patience, but almost always works.

Removal Tips and Frozen Parts. Replacement is straightforward EXCEPT that you need high quality tubing
nut “flare” wrenches (most fittings are 11 and 14mm). First clean off the fittings with brake cleaner to expose
the threads as best you can. Then soak all fittings with good penetrant like PB 'Blaster’ or 'Kroil' several times
for a week or so prior to trying to remove. This may save some of the fittings and hard lines that you might
otherwise have to replace due to frozen fittings. Often the copper tubing seizes in the threaded fitting, a
result of corrosion and the soft copper binding. Often breaking the threads loose is the source of rounding or
breaking the fitting hex flats, while the line frozen in the fitting causes twisting and failure of the line.. Usually,
if | can break the threads free, | can get the fitting loose from the line with persistent back and forth motion
and plenty of penetrating oil.

[Caveat:] | just finished replacing ALL the metal brake lines in my 740 since | couldn't get the rubber lines

off. Soak before trying - but even on my '89 w/original lines | couldn't get them off with a flared open end
wrench (they still spread a tiny bit and the old nuts weren't perfect) and rounded a few and the others
actually CRACKED off leaving the threaded nipple part inside the rubber line. If you're committed to doing
this (i.e., you don't mind going through the hell | went through to replace the metal lines - a lift would have at
least helped greatly with the rear ones, but it's the right front caliper lines that are the real PITA) then you can
cut the rubber lines on the car near where they connect to the metal lines and then get a socket over what's
left to help get a better grip at least there. The big problem is the nut on the metal line. | did manage to get
ONE of them free by using PB and heating with a torch. BUT even after | got them off the threads on the
nipple weren't very healthy and seemed to thread rather loosely onto the new rubber hose, so | replaced that
line too.

[Tip from Mike Missailidis] | can tell you that | successfully removed all six flexible brake lines without ruining
even one hard line or flare nut. How? | used a Mac Tools 11mm flare nut wrench, started soaking the fittings
once a week for two weeks with PB B'Laster prior to doing the work and used a propane torch to heat the
fittings and let cool twice, spraying more PB B'Laster between heating and cooling and tapping on the fittings
with a small hammer. Even so, it wasn't easy. [Rhys] | wire brush the crud away from the line fittings, and
then use a small oxy-acetylene flame to heat the fittings - not to a visible heat of course - just heat them to
expand them a bit. Normally | let them cool for ten minutes, then heat them a second time. A high quality
flare nut wrench is then applied, and tapped with a hammer. If they move at all, then | apply a penetrating oil,
and tighten and loosen the fitting to work the oil into the threads. If that doesn't do it, | tear the lines out and
get to work, and make new lines myself.

[Inquiry] How do | disconnect and reconnect both redundant brake hoses on the front brakes of a non-ABS
7407 The hoses don't appear to be able to pivot, and when | turn one, it curls up like a telephone cord. I'm
thinking this can't be good for the hose. [Response: JohnB] Look back up the flexible hose to where it
attaches to a solid line. Chances are there's a male fitting that screws into the female end of the rubber hose.



You first unscrew the male fitting and release the rubber hose from the bracket (generally just pull a U-
shaped sheet metal tab. Then you can unscrew the hose(s) from the caliper.

[Caveat:] If you run into problems, you can cut the metal line close to the nut and re-flare it
at the end using a new metric European (not Asian) fitting. Two new nuts could be taken off

of each short line you purchased and cut (available in 12" lengths.) The line has what is ISO57.5
called an "ISO double flare". | remember that it can be duplicated with a normal flaring tool Degree
but takes a bit of talent and practice. It involves a two step procedure. You need a special Double
double flaring tool to do the lines - the normal single flare tool will not do the job. And even Flare

with the tool - it takes a bit of practice to get them to come out right consistently. It is a lot
easier to use the tool on the bench than it is under the fender of the car on the end of the
brake line. It is well worth spending a few hours with penetrating oil and careful working

back and forth of the nut than to try to repair a broken line. After replacement, the entire brake system will
require flushing/bleeding (Use pressure bleeder like Eezibleed).

Installation Tips for New Hoses. [Zee] Pretty straight forward. | found it good to

1.
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Replacement Brake Lines. [Rob Bareiss] Volvos and
almost all European cars use the ISO 57.5 degree
"double flare" lines- the end flares out and back in. It
almost looks like a rivet. The fittings are European
(not Asian) metric. When sourcing new lines, it's Measuring Brake Line and Fitting Angles
best to have the old lines in hand unless you're sure
what you're looking for. Dealers, most auto stores
and Internet Volvo aftermarket retailers stock
straight lengths of made-up brake lines as well as
the correct hoses. [Editor] The Volvo OEM lines are

Place a plastic membrane under the fluid bottle cap for extra suction to prevent fluid from gravity
draining as fast while each old flex hose was loosened/disconnected. Open a bleed screw, block the
brake pedal down with a wood stick, then close bleeder—to stop fluid loss from the master cylinder
while lines are open.

It helped to loosen each end of the hose (fitings) to make sure they will let go. If one joint will not, you'll
be better off tending to that before loosening or removing any of the others. | didn't need to soak the
unions very long in penetrant [but see the cautions above about frozen fittings].

Unclip the ABS line (if you have ABS) from the flex hose. It will give you more room to work. Undo the
upper end of the hose before the lower end. This makes it easier to unscrew the lower end because
you can stand up the hose and rotate the thing.

You'll need two 14mm wrenches and an 11mm. Use quality flare wrenches to prevent rounding the
fittings.

Use a large catch basin and some cardboard under it on the floor. You won't expel a lot of fluid, but
this does leave a mess. [Art Benstein] Insert a sharpened golf tee in the end of the line or hose to
prevent fluid loss.

First remove the hose at the brake line end, then at the caliper side.

Think about a way to "fill" the new hose with brake fluid before bleeding that column of air into a
perfectly bled caliper. Even though you need to screw the lower end onto the caliper before joining the
top end to the flare nut hard line, you can leave the lower end loose, connect the top, then let gravity
bleed some brake fluid into the new hose to fil it just before tightening it to the caliper. It will minimize
the amount of air you will introduce to your system. Clean up the caliper area later with a shot of brake
cleaner.




made from cupric-steel which is softer and easier to bend. [Adapted
from Brake and Front End Magazine, Aug 04] Most jobbers stock
precut lengths of tubing with a flared connection on both ends.
These precut lines can be used to fabricate a replacement. With the
proper tools and practice, the damaged lines can be duplicated
Bending Brake Lines from the precut tubing. Tube bending is part tool and part black art.
The tool part is a bender that has the three following components: a
bending die, a following die and a latch or fixture to hold the tube to
the bending die. The purpose of the bending and following die is to
maintain the diameter of the tube as it is bent to a specific angle.
The black art is measuring the length between bends and bending
to the correct angle. The length and bend at the flared fitting connection is important to prevent cross
threading the fitting. You can "eyeball" it and use your bending tool to fabricate the line. When using this
method, bend a little and compare a lot. Angles at the flared end of the tubing can be measured using a
protractor and a piece of bar stock or a miter gauge. Brake fitting threads, by the way, are 10mm x 1.00mm
pitch.

Brake Hose Deterioration and Brake Binding. [Inquiry] My front brakes are dragging - both sides and quite
severe. On the right side the pads are worn evenly and the pistons move
freely. How can | check the brake line for internal swelling/collapsing? [Tip
from Herb Goltz] An old brake hose acting like a one-way valve is a very
common problem. The inside of the hose rubber deteriorates, creating a flap
internally that blocks the return of fluid when the brake pedal is released,
causing dragging brakes, warped rotors, and pad wear. Many "dragging" Brake Hose Failure
calipers get replaced for this reason. [John Randstrom] The easiest way to
check for a bad brake hose is to pump and release the brake pedal, then open
the bleeder screws on the caliper. If pressurized fluid escapes the hose is bad.
| have had quite a few hoses that were bad that caused a caliper to drag.
[Colin] Apply the brake a few times to get the brakes binding and then slacken
the bleed nipples. If you get a spurt of fluid and the brake frees off you have a restriction preventing fluid
returning back to the master cylinder resevoir. This could be brake lines or master cylinder. Do the same
again but slacken the lines at the master cylinder this time, instead of the bleed nipples. If both brakes are
binding equally it's more likely to be a master cylinder problem.

Troubleshooting:

Low Pedal and Soft Brakes Problems.

Low Pedal After Pad Change: [Inquiry] | recently replaced the front pads on my Volvo. Now | have
excessive travel of the pedal. I've tried bleeding the system with no luck. | assume there is air in there
somewhere but can't find it. Can anyone tell me if I'm on the right track or if there is some other cause

for this. [Response: Bob Dietz] Usually the wear lip on the rotor holds he pads away from the braking
surface. Until the pad wears in the pedal will stay low. Additionally different brake pad compounds have a
different pedal feel.

Bleeding for Soft Pedal:

[Excerpts from "Low Pedal Blues" by Bob Freudenberger, Motor Service magazine, Feb 00 ] You can find
out all you need to know about the master cylinder by removing the lines, screwing brass or plastic plugs



(either ISO or double flare) into the outlets, then applying the brakes. If the pedal's high and hard now, the
master's properly bled and its seals are okay because, as we said, the pedal would sink gradually if it were
bypassing. You have also confirmed that the booster's okay.

Continue in this process of elimination by capping lines or clamping hoses to isolate the wheels (clamp with a
suitable rounded-jaw tool, please, not sharp-toothed Vise-Grips, or at least use heater hose to pad the jaws
of whatever type of squeezing device you choose). Releasing one at a time should locate the problem.
When it comes to the bleeders at the wheels, we know most of you just open them and let the fluid squirt.
But that's thoroughly uncraftsmanlike. Not only will it make slippery puddles on the floor, it can shoot farther
than you might expect (how about the 2,500+ psi of line pressure on some ABS-equipped cars?), perhaps
ruining the paint on the car in the next bay. We use a tube and transparent bottle (which attaches to the
chassis with a magnet) half full of fresh fluid because it's neat and it lets us see what we're getting out. Also,
it eliminates the need for a helper if we're not using a pressure bleeder.

Hard Pedal Problems and Brake Booster Diagnosis. [Inquiry] My turbo's brakes feel like there is no
engine assistance because the pedal is very difficult to push with minimal effect.[Response: Colin Shepherd]
it sounds as if the servo/booster is not working . To test it, turn the engine off and pump the pedal half a
dozen times to exhaust any residual vacuum. Then, maintaining a steady pressure on the pedal, start the
engine. The pedal should sink about 1/2" as the vacuum does its work. If nothing happens, carefully pull the
white vacuum check valve on the front of the booster out of its seal and see if there is vacuum at the servo/
booster side of the valve with the engine running. If you don’t have vacuum there, either the valve is stuck
shut, or you have a blockage in the plumbing. You should be able to get the valve as a separate part. Be
very careful pushing the valve back in as the seal can be pushed back into the inside of the servo. If it turns
out to be a faulty servo then it's time for a a second mortgage, or a trip to the breakers yard !!!

[Inquiry] My 740GL has a soft pedal and air
noise (like air escaping) in passenger cabin
when pedal depressed. How do | diagnose a Brake V acuum Booster
brake booster or check valve problem? | Brake Booster Check Valve Check Valve
understand these are rare. [Response: Bob &
KSwan] First, visually inspect the vacuum
hose and the check valve on the brake
booster inside the engine compartment for
damage. The valves are plastic and can get
brittle over time. Next, pump the brake pedal 5 or 6 strokes to bleed off any vacuum. Now hold the pedal to
the floor, and start the car. The pedal should drop a bit as vacuum builds. Hold pedal down and stop engine.
Pedal should stay down. If it tends to push against your foot, you have a leak. If you can hear it inside, odds
are the booster diaphram is leaking. But try the check valve route first. Note, NEW boosters are $400-500.
They fail rarely so a used one will do.

Leaking or Missing O-Ring. [Tip] My car always suffered from hard pedal, but after investigating | found a
missing o-ring between the master cylinder and the booster. Replacing this 5cm o-ring solved the problem.

Brakes Pull When Applied: Control Arm Bushings. [Inquiry:] Brakes seem to pull for an instant upon first
application giving the steering wheel a small jerk when brakes first applied. Recent brake pad replacement
and rotors turned seemed to help somewhat but did not cure problem. [Response 1: Steve Seekins] This is
the classic symptom of bad radius rod to control arm bushings. There are 2 cone shaped bushings at the
front end of each radius rod where they connect to the control arm. Easily replaced, be sure you get the
newer more durable ones. Also, when replacing, be sure to clean out the holes in the control arm of ALL
corroded metal and rubber residue from the old bushings. Also, do not do final tightening of the bushing bolts
at either end of the radius rod until the car is on the ground and the suspension fully loaded and settled -



otherwise you risk premature failure of the new bushings. See Radius Arm Bushing Replacement

Brake Calipers Rattle on Mounting Bolts. [Inquiry:] | have a '89 745GL with 226K miles and the brake
calipers on both front wheels are rattling. | can jiggle them ever so slightly with my hands. The Volvo dealer
says that this is a wear sign with so many miles on the car; | have only had the brake pads replaced when
needed throughout the life of the car and | am the original owner. The dealer said that over time the bolt
holes attaching the calipers to the car wear and get larger; it is not a safety concern but the only cure for this
‘rattling’ is to replace the calipers. This seems like an expensive fix and when | suggested that we get bigger
bolts, they laughed. Any advice? [Response:] There is an updated set of caliper pins, at least for Girling front
calipers. | know, since | installed them on my car. As | recall, they meant to fix rattling calipers (and perhaps
something else as well.) There was a Technical Service Bulletin to this effect, which is how | found out. Talk
to a different mech/dealer. Sounds like your current mech/dealer is perhaps not aware of this fix. [Editor's
Note:] This is Volvo TSB 51907, Feb 94. See also TSB 518910401, Apr 91 if you have Bendix calipers.

Pulsating Brakes: Runout in Hub and Rotor. [Tip from Don Willson] For 9 months | have been fighting
pulsing brakes with 2 rotor turnings and freeing up the caliper pins. | was about ready to go buy new rotors
but first | thought | would see how "wobbly" they were. | put a dial indicator on and found they were 0.006
inch and 0.008 inch runout. | cleaned the hub and inside of the rotor. Then | put the rotor on and tightened it
down in each of the 5 positions, and on the opposite wheel. | found a position where the runout was least,
about 0.003 to 0.004 inch, and reassembled the wheels. On a run around the block if felt good, I'll go make a
highway run and see if it helped. The Volvo spec is 0.003 inch maximum runout. [Response 2: Ross Gunn] |
am a believer in the the importance of careful torquing of the wheel nuts. Regardless of the shape of the
discs, | still believe that over-torque or uneven torque can preload the discs and then when they are heated
through heavy braking, they can take a permanent set. This is just a conclusion | have come to after
experiencing new discs that were OK for the first while and then began to wobble after some use (1000 or
2000 km.) I also have used a dial test indicator to find the best position of the discs and agree to the
effectiveness of this method in getting a smooth feel. Sometimes a piece of aluminum foil added strategically
between the hub and the wheel can help. Too bad the hubs can't be manufactured truer (more true? - more
truly? - with less runout!).[Editor's Note: See also Brake Rotor Installation Techniques to Minimize Pulsation]
[Response 3: George Downs] My second 122 had BENT front hubs! | had them trued at a machine shop
which brought the runout from 0.080 down to about 0.010". The disks were perfectly true. | finally got them
down to 0.001" runout by sticking pieces of feeler stock between the disks and hubs in a trial and error
method. | have not the faintest idea how they got that way but the PO had given up on ever having
reasonable brakes.

Brake Rotor Pulsation: Causes. [Comments from Wagner Brake div. Of Cooper Industries:] Brake rotor
thickness variation causes brake vibration due to changes in the braking force as thick and thin portions of
the rotor pass between the pads. Eric Smith, Senior Instructor for Wagner Brake at the Moog World Training
Center in St. Louis, says technicians sometimes pin the blame on a defective rotor, but often it's due to
excessive system run-out, which has not been checked by the technician.

Smith says the run-out will cause the rotor to wear itself out of parallel, and is why turning or replacing the
rotor won't solve the problem. System run-out can be caused by poor mating of flanges between the hub and
rotor when assembled as a unit ( by excessive rust, preventing a clean fit of the rotor on the flange),
excessive run-out and even improper torqueing of the wheel bolts. Once the rotor heats up during operation,
if one lug is a little less tight that the others, the rotor will expand at that point and cause run-out, says Smith.
Compounding this is the fact that the brake might only have run-out when the rotor is hot. When the
customer takes the car back to the shop, it's cooled when checked by the technician and by that time the run-
out disappears. If not corrected, though, it will eventually have a permanent run-out, and be worn out of
parallel.

Make sure rotor run-out is below specifications before reinstallation; also make sure the hub is clean and rust
free before installing the rotor. System run-out should be checked after installing the rotor (new or turned). If



run-out is above spec, the solution may be as easy as re-indexing the rotor one stud at a time, until run-out is
within spec. It may also be necessary to replace the hub assembly. And see below for tips on front end

shimmy and vibration, which can feel similar to brake problems.

960/90 Series Pulsation Problems: Runout Issues. [David Aidnik] | have two '94 960 wagons, and | have
been less than satisfied with the pulsations during braking that are more or less notable on the two cars.
Over the years of browsing this board for clues and answers, | have seen various possible causes, most of
which allude to warped rotors or front control arm bushings.

These are true and reasonable clues, but the real culprit is the design itself: the braking force of the front
brakes is transmitted directly to the car body through the control arm in compressive force. This direct
transmission of the braking force straight through the axis of the control arm makes for a harsh transmission
of road shock and any uneven forces of the pads/caliper and rotor. The requirements of measured runout at
the rotor are quite stringent to minimize any pulsations.

Measured runout of even 0.0005 inch can be just barely discernable as pulsation in some conditions. This
leads me to the conclusion that to do the brakes right or well when you replace the pads on this design
requires that you have an indicator and a magnetic base to hold it to enable you to accurately measure the
rotor runout.

After you take the caliper off the wheel mount, mark the hub & rotor positioning so you know how they were
lined up before. Then take the rotor off the hub & clean both the mating faces of the hub & the rotor as best
as possible using a wire brush & steel wool. While you're there, you can also clean out the wheel sensor
magnet and the brake dust off the hub. Then measure the runout. | started with the original position and tried
several others of the five possible positions. At each, you make sure that there is no dust or dirt on the
mating surfaces of rotor or hub, then carefully push it straight on and put three lug nuts on, snugged without
moving the rotor. Then measure the runout near the center track of the brake pad. Hopefully you can find a
position that gives 0.0005 inch or less.

You can reduce runout by careful cleaning of the rotor and hub mating surfaces: | reduced mine from 0.0015
to 0.0005 just by cleaning.

Volvo manuals show a machine for double-grinding of rotors on the car. This is an indication of the sensitivity
of this design to rotor runout.

Intermittent Brake Failure: Bad Sensor Seal. | was losing brake fluid because the brake failure sensor
block's switch *seal* had deteriorated. The brake failure light had never illuminated and the entire brake
system was in excellent working order. I'd noticed the fluid level in the reservoir dropping slowly; eventually
would have aerated the master cylinder with consequent problems. The brake system has been fine and
leak-free for the last 20K miles. [Also:] the whole 8-way distributor/brake warning thing is very expensive.
The plastic plug/switch is not intended to seal against the hydraulic pressure, that is done (or not) by seals
on the piston, changing the plastic plug will not stop the leak.

Wheel Shudder: Diagnosis. [Inquiry:] Has anybody ever had a problem when a steering wheel shakes
anytime you brake on speeds higher than 30 mph? It seems to be brake rotors' uneven wear. [Response:
Paul Grimshaw, alt] Shaking under braking is usually associated with warped rotors. In Volvo cars, warping
normally occurs if the wheel lug nuts have been improperly torqued or brakes have been over-heated or if
they have been subjected to a number of heating and cooling cycles after having been machined. For this
reason, it is always best to resist having the rotors turned and purchase new rotors anytime symptoms like
you described are noted. Uneven wear on the rotors can only be confirmed by a dial caliper, just as rotor
thickness can only be accurately judged by using a micrometer. For handy reference, Volvo rotors have the
minimum rotor thickness value stamped on the rotor hat -- any rotor that has become thinner than specified
should be replaced.

Uneven or excessive torquing of the wheel lug nuts can also warp rotors. One should always tighten
the wheel nuts with a torque wrench to avoid over stressing the stud/nuts (900-series and older) or bolts (800-



series and higher). See the procedure tips in Wheels.
Although brake rotor faults are the most common cause of what you describe, worn bushings, tie rod ends,
ball joints, or even tire faults cannot be ruled out either. See the FAQ reference.

Brake Shuddering and Suspension Bushings. One reason we got some shuddering on braking our '90
745 was that the suspension bushings were shot. Those conical rubber bushings on the lower control rod
where it enters the main lower suspension arm take a beating under braking, and eventually allow quite a bit
of fore and aft movement of the wheel. Maybe the rotors are warped, but, especially if you get shaking
without brake pedal pulsing, could it be bushings? They're cheap, and take about an hour to do.

Wheel Lockup. [Problem:] | am having the left rear wheel lockup when braking hard on wet pavement.
[Diagnosis:] Calipers are a common source of sticking brakes. On rare occasions this has been caused by
degraded brake hoses. If your 740 is still running its original brake hoses now would be a good time to
replace them before bleeding the brakes. What sometimes happens is that the inside of the hose swells up
enough to form a rubber one-way valve where there should only be straight hose.

Brake Light "On" After Bleeding. [Inquiry:] | just replaced the front brake pads on my 1988 740 GLE
wagon. | bled the front brake lines and the brakes seemed to work well except that the brake light came on
during hard stops. So | bled the entire system and replaced the entire volume of brake fluid. The brakes
work very well now except that the brake light is on constantly. What is going on? [Response 1: Stefan
Schader] During your bleeding process you probably created a pressure imbalance in the dual brake system
setting off the light. This light is activated when the floating balance piston moves to one side. Then a plunger
drops activating the light and preventing the piston from going back to it's neutral position. To reset this,
unscrew the brake failure light sensor and then press the brake pedal to reset the piston to neutral. Then
remount the sensor switch. [Response 2: Peter James] You will need to undo the brake failure sensor switch
and allow the piston to centralise before refitting the switch. If there is fluid present when you remove the
switch from the junction block (in front of the passenger on the inner guard down towards the bottom) on RH
drive cars (drivers side US) you will have to dissasemble the block and renew the 2 "O" rings, tightening the
switch will not work!

Front Brake Squealing on 92-95 940/960. Volvo has come up with a shim kit (Part No. 272187-6) to correct
this. Before installing the kit, though, here are a few things to check: If the caliper piston doesn't spring back
when pressed in, replace the caliper; if the caliper dust seal has been corrupted and dirt got in, either rebuild
or replace the caliper; if there's rust on the caliper, especially the guides, clean it up. Finally, install the shims
to the upper section of the brake pad backing plates where the piston makes contact.

Brake Reservoir Seal Failure. Here's an interesting old car failure, perhaps something to put on the 10 year
list and/or an FAQ for bricks:

The brake fluid in my master cylinder reservoir kept going down slowly over a few weeks...wouldn't leak fast
enough to tell where it was going so | just kept adding fluid and looking. Now | see it appears to be coming
from the seal(s) between the master cylinder reservoir and the master cylinder. Since this type of
construction seems to be more and more the norm (a lot of old cars had integral reservoirs but that weighs a
lot more) this is something to look for. The seals cost about $7 apiece on my application (need 2) so it looks
like a little job this evening--one of the few jobs no tools required, if I'm lucky and the reservoir is self
bleeding...If | may add a bit of cautionary advice to this, especially for older cars where the reservoir may be
becoming somewhat brittle:



. Never lean on the reservoir or grab a hold of it to anchor yourself when applying wrench torque to
something else under there.

. If your seals have begun to leak, be *very* careful when you remove the reservoir since it can be
brittle.

. Until you get around to doing it you might find that two plastic zip ties over the top of the reservoir and
under the master cylinder with a third horizontally around the reservoir (to hold the other two so that
they do not slip off of the ends) will temporarily stop the leak.

. Push the reservoir over to one side to get it started, rather than prying straight up. Carefully pop the
reservoir out and replace the seals.

Upgrading:

Stainless Steel Braided Lines.

Part Compatibility. IPD lists the stainless brakes lines for 740/760 1983-1987. Also for 740 with ABS from
1988-1991. As this excluded BOTH my '90 745 and '92 745T | asked them why. Basically the reply was,
because they had an omission in the catalog (for the non-ABS models) and couldn't find a cross-reference
for the ABS model. The 1983-1987 option, IPD model CG5205(non-ABS) is actually good up to model year
1992, and is printed that way on the lines (at least, since I'm guessing the 940's shared brake lines with one
of these two categories of 740s). On the 1988-1991 w/ABS models, IPD model CG5206 was compatible
with Volvo part number 1329611 (front) and 1329594 (rear). If anyone knows if these two Volvo parts
correlate to other/later brake lines in the 7/9 series, please let me know.

Upgrading Older 7XX Brakes to Big Brakes or Later 9XX Jumbo Brakes. [Inquiry] I've heard that fitting
the "Jumbo" brakes from the 900 series on my 88 740 Turbo will help/cure the"warping problem". Three
guestions: a) Does anyone have a detailed parts list for the job ? b)Is there a reason NOT to do this ? and c)
Can anyone supply step-by-step instructions for the job ?

Background. [John Sargent] There are two kinds of large-capacity brakes: "Jumbo and "Big" brakes. Jumbo
brakes only came on ABS cars and they are all single piston/single brake line calipers using 11 inch, one-
inch-thick rotors and larger pads. Big brakes (11.25" diameter) have different calipers, caliper holding
brackets, and smaller pads than the Jumbo brakes. To upgrade an ABS car with either 10.25" or 11.25"
rotors to Jumbo brakes you need calipers, caliper holding brackets, pads, and rotors, as noted below. The
brake calipers do not bolt directly to the strut: a caliper holding bracket (or Jumbo Brake Bracket) is needed
to mount the caliper to the strut. To upgrade a non-ABS car to Jumbo brakes, you need the same parts and
two brake master cylinder plugs. You will be removing two brake lines and hoses, noted in the second
section below. Jumbo Girling brakes with 11 inch rotors use the 1198 brake pad. The Girling brakes for both
11.25 inch (we call them the Big brakes) and 10.25 inch rotors take the 508 pad. ABS makes no difference
on the pad use for Girling 11.25" and 10.25" rotors. [Tim] If you visit a pick-n-pull boneyard for parts,
remember to take along a 10mm allen socket to pull the 2 bolts that hold the caliper brackets in place.

Conversion for Cars with ABS:

[Response: Abe Crombie] | have done this to my parents' 88 764 turbo. It requires left and right calipers
from a 92-94 960 or 92-95 740/940. It requires two rotors. The hubs are the same and the brackets on a
complete caliper with slides/mounts will bolt with no mods to your struts at the same attaching points. The



brake hoses are a direct fit to the newer calipers. I'm not so sure that the bigger brakes will fit if you have 14"
wheels though. All jumbo brake 700/900 have 15" wheels and there are some references in parts catalog to
differences in 91 and older with 14" brakes and 15" brakes. Their car does seem to have better brakes and it
has had no trouble with brakes in the 50-60K miles since swap was made. | got all the pieces from a salvage
parts place from a front-end total that had no useable front suspension pieces and had just arrived and had
not been picked over.

[Inquiry:] I assume all the 92+'s have ABS as my '89 does? How are the rotors different (mine currently has
the larger of the two available sizes - do | still need to change)? [Response: Abe Crombie] The offset of the
"jJumbo" brake rotors are different and you will have to change the rotors as a result. The 95 to 98 960/s-v
90 are also different so don't get parts from one of those models.

Conversion for Cars without ABS:

[John Sargent] In order to upgrade your non-jumbo brakes to jumbos with larger rotors, you replace the
calipers, rotors and pads with jumbo units from any of the following cars (as described above): a 1992 —1995
940; 1991-1992 turbo 740; 1992-1994 960. You will have to plug one brake line on non-ABS cars, since you
are changing from a dual circuit to a single circuit for each front caliper. See the illustrations and procedures
below. This conversion works whether you originally have Bendix or Girling brakes.

1. Re-Using Your Present Calipers and Installing Larger Big Brake Rotors

Girling Calipers. You can convert your 700 series cars with non-ABS Girling brakes to Big brake 11.25 inch
rotors. These 700 series cars without ABS originally had 10.25 inch diameter discs. The 87 and earlier
models were originally one piece disc and rotor, but many have been converted to 2 piece hub and rotor. If
you have an 88, or later, you already have 2 piece hub and rotor. All you need are the caliper holding
brackets from a 700 series with Girling ABS brakes (all ABS brakes appear to be 11.25 inch diameter, but a
few early ABS cars have the 10.25 inch rotors), or the caliper holding brackets from a late model 700 series
with the large discs, and new 11.25 inch diameter discs. You will use the same part number pads, but get
some new ones. Remove the Girling caliper from your car. Now remove the caliper holding bracket from the
strut, and discard it. Remove and replace the disc. Install the new caliper holding bracket from the donor car
with Girling 11.25 inch diameter brakes. Reinstall the caliper with new pads. Wheel nut torque (63 ft-1bs) is
very important on these cars. Uneven torquing will contribute to brake pedal pulse, and uneven wear of the
disc.

Bendix Calipers. You can install the big brakes (11.25 inch diameter front rotors) on the early 700 series
which are equipped with the small (10.25 inch diameter) rotors on the front with Bendix calipers. Assuming
that you already have the separate hubs and rotors with your 10.25 inch diameter front Bendix brakes, all
you need are the caliper holding brackets for Bendix and the larger (11.25 inch diameter rotors). It is quite
easy and does not involve opening the hydraulic brake lines like the installation of the Jumbo brakes on my
1987 745T. If you don't already have the separate hubs and rotors, the separate hubs can be purchased
inexpensively from a wrecking yard.

2. Replacing Your Non-ABS Calipers with ABS Jumbo Calipers, Pads and Rotors



The Jumbo
caliper brakes
do provide more
stopping power
than the larger
rotor Big brakes.
The Jumbo
brakes weigh a
little more than
the Big brakes,
so you have a
little more Parts Comparison: Jumbo to Regular Girling Brakes
unsprung weight
which is a very
slight drawback.

Ordinarily a non-
ABS Volvo has
a dual master
cylinder with
dual front piston
calipers. The
pistons in these
non-ABS

calipers are hydraulically isolated from each other. Each brake ciruit in a non-ABS car takes care of a front
piston on each side and one rear piston. The Jumbo brakes are single piston, single line calipers and you
must disconnect and plug two brake lines which connect to the front calipers. When done with this
conversion from non-ABS to Jumbo brakes, you have regular dual circuit diagonal brakes just like about
every other car which | am familiar with.

Right Front Brake Line Plugged at Master Cylinder Extra Brake Line Disconnected at L eft Front Brake




Right Front Extra Brake Line Disconnected

Cars

Parts needed include two ATE brake port plugs part
number 1387506; the 11 inch Jumbo rotors; the
Jumbo calipers from a 900-series car; and new 1198
pads for the calipers. You must disconnect two
brake lines, one to the right brake at the master
cylinder and one to the left brake at the brake
junction block. Plug these ports. See the illustrations
for information. Then remove the existing calipers,
brackets, and rotors. Install the jumbo brackets to
the strut bottoms, then the new 11 inch rotors and
jumbo calipers. Install new 1198 pads.
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Maintenance:

Pad and Rotor Identification and Replacement. See the detailed tables describing pads and
rotors for ABS brakes at Brake Pad Identification and Brake Rotor Identification.

Brake Rotor Removal on 740 with ABS. [Inquiry:] | have two new front rotors to install on my
1990 745T with ABS. My Chilton manual isn't very descriptive. From looking at the new rotors,
it doesn't appear that | need to remove the wheel bearing. Is that correct? Are the ABS sensors
difficult to remove?. The manual mentions an internal toothed ring which has to be removed
from the old rotors and installed in the new. The manual suggest that there may be some
problems removing these and that a puller may be necessary. What size puller works best if



necessary? [Response:] If yours is like my '90 740 GLE, forget about Chilton. The disc and hub
are separate on your car, not like the setup Chilton is describing. Once the caliper is removed,
the disc simply lifts off (after removing the locater pin). The ABS sensor is on the hub not the
disc, so you don't touch it at all. 2 bolts hold the caliper - support it after removing the bolts so
the weight will not strain the flex lines.

Cleaning Sensor Rings. [Tip from Tim:] While the rotor disc is removed, take the time to use a
soft bristle brush and clean the ABS sensor area, and the toothed sensor ring that is part of the
hub. It is usually pretty dirty with an accumulation of brake dust and magnetized sacrificial
brake material. | did this with a fan blowing the ever toxic dust away from me, and out the
garage door. Most of the stuff fell onto a newspaper for quick clean-up.

Brake Job Tips: Hose Clamp; ABS Sensors.

Forcing Dirty Fluid Back into the ABS:

[From Motor Service Magazine] We believe the biggest brake bungle techs are making today is
forcing caliper pistons back without clamping the hose and opening the bleeder. Since the line
comes in near the bottom of the cylinder where the sediment is, this forces debris up into the
ABS unit, and that will likely result in a comeback for a glowing anti-lock warning light. Just
opening the bleeder as you may have done in the past isn't good enough anymore. You've got
to choke off that hose. [Editor's note: you can buy inexpensive plastic pliers with rounded jaws
designed to clamp rubber brake hoses without
damage, just enough to keep most of the fluid
from passing through. Check your auto parts
store. And don't squash the hose, just clamp it ]
And note there is some controversy about this:
Ford and GM do not recommend clamping
because of the potential for damage to the hose. |ABS Front Wheel Sensor, Courtesy
Wheel Sensor Damage: FCPGroton

Another thing to remember about ABS is that it's
easy to damage those delicate wheel speed
sensors while doing brake work, or to cause
metal particles to attach themselves to the
magnet. Either is likely to put the system into
default, or make it go permanently into anti-lock
mode (called "false modulation™), and turn on the
warning lamp. On ABS, speed sensors are at the top of the list of failures. As far as the ABS
problems are concerned, the first is speed sensors with metallic particles sticking to the sensor
nose. This may cause system default, or make it constantly go into anti-lock mode called 'false
modulation." Make sure the air gaps are correct, and the sensors and tone wheels are clean
with no iron filings or debris in the vanes, which can give an erratic speed signal, set a code,
and put the system in default.

Another problem on wheel speed sensors is an internal break in a wire. Be careful doing any
wheel work because those sensors are delicate. The second thing is rust where the sensor
mounts or in the wheel speed sensor bore, which makes the sensor hard to remove. As time
goes on, we're going to see more and more corrosion in the electrical parts. Another problem
Is moisture infiltration into speed sensor electrical connectors, which causes intermittents.




Anti-Lock Brake System Service Precautions from Raybestos [Courtesy 1998 Brake Parts
Inc. & Online Technologies Corporation, Raybestos, all rights reserved]

1.Always refer to the appropriate anti-lock service manual before attempting to service any
portion of the brake system.

2.Warning: Some ABS systems store brake fluid in an accumulator under high pressure. Failure
to depressurize these types of anti-lock systems before servicing can cause physical injury! The
majority of these ABS systems can be depressurized by simply turning off the ignition and firmly
depressing the brake pedal between 20 and 40 times. Check service manual for exact number.

[Editor's Note: Not true for Volvo cars: see Abe Crombie tips on bleeding/flushing below.]

3.Use the proper DOT 3 or DOT 4 brake fluid specified by the vehicle manufacturer. This can be
found on the master cylinder cap or reservoir body. DOT 5 (silicone) brake fluid can not be used
in any ABS system. [See Brake Fluid Comparison for more information.]

4.Do not hammer or pry on wheel speed sensors and/or sensor rings to adjust the air gap.
These components are delicate and can easily be damaged!

5.ABS and other on-board computer can be easily damaged by high electrical system voltage.
Do not attempt to jump start an ABS equipped vehicle with a gasoline powered booster or 110
volt type battery charger on the fast charge/ boost setting. Slow charge the battery first before
attempting to start. If this is impractical, disconnect the negative battery cable before fast
charging the battery.

6.All four tires must be of the same size and type. Failure to observe this rule can cause the
ABS and/or Traction Control system to disengage and the warning light to come on. Follow the
vehicle manufactures recommendations before installing any optional tire sizes.

7.Never unplug or reconnect any electrical ABS component with the ignition on. This can cause
a current surge and damage one or more of the system components.

8.When installing any "add on" electrical accessories' (CB's, Telephones, Stereos, etc.), it is
important that any antennas or other wiring be located away from the ABS computer and sensor
wiring. A magnetic field is generated as current flows through this additional wiring. The
magnetic field that is created produces electro-magnetic interference (EMI) that can affect the
signals from the wheel speed sensor to the ABS computer.

9.When electrical welding on a vehicle, it is recommended that all of the computers be
disconnected from the wiring harness to prevent possible damage. Care should be taken not to
damage the connectors.

10.When replacing unitized wheel bearings, half shafts, steering knuckles, or any other
component that could affect the air gap between the wheel speed sensor and sensor ring, then
the air gap must be checked.



11.When servicing disc brakes, open the bleeder screws and vent the brake fluid, if it is
necessary to push the caliper pistons in. There is sediment that naturally collects in calipers
over a period of time. This sediment, if allowed to flow back into the master cylinder along with
the brake fluid, can possibly damage the ABS hydraulic unit. [Editor's Note: see above notes on
clamping the rubber brake lines.]

Brake Fluid Bleeding/Flushing Procedures for Cars with ABS.

Depressurizing Fluid?

[Tip from Abe Crombie] The ABS doesn't need to be "de-pressurized" on a Volvo. There are a
few cars out there that have the master cylinder/hydro-boost/ABS pump as a unit. These are the
ones for that precaution. You never get the fluid completely changed on ABS cars as some fluid
IS in a storage accumulator that is not accessible. If you periodically change fluid this is never an
issue as the fluid left in these areas will be circulated eventually through much of the system and
it will be diluted by the clean fluid and will pose no problem.

[Editor's Note: Consider a pressure flush of fluid instead of a mere bleed; highly recommended

both to remove air as well as to purge and renew the fluid, required every two years.]

Using Line Clamps When Flushing/Bleeding:

[Tip from Motor Magazine] Add the step of line-clamping the brake hose to the caliper when you
retract caliper pistons. If you don't, you may be forcing brake fluid from the caliper bore (where
rust and other debris may have collected) and sending this dirty fluid upstream.

It's long been standard practice to open the caliper bleeder screws to give brake fluid a place to
go while retracting pistons. However, sometimes the bleeders are partially blocked. In these
cases, they may not let out all of the fluid that you meant to let escape. Instead, the fluid may
take the path of least resistance - upstream. Nowadays, that's likely to send it to sensitive ABS
components.

If the vehicle you're servicing has a blocked bleeder, you may get around the problem by
cracking open the fitting where the brakeline attaches to the caliper before retracting the piston.
For added assurance, you may also want to line-clamp the hose feeding the caliper with
genuine clamps designed for this purpose.

Troubleshooting:

ABS Diagnostic Code Retrieval.

1984-1991 Cars without ABS Self-Diagnostic Capability. Pre-1992 cars lack any self-diagnostic
capability for the ABS system. Fault tracing is done with a multimeter, circuit by circuit and
sensor by sensor, according to detailed instructions in the Volvo OEM technical manual. A fault
in the ABS unit will be indicated by an illuminated ABS lamp on the instrument panel and the
ABS system (but not the normal brakes) will cease to function. The internal fault code may be
cleared by disconnecting the battery.




1992+ Cars With Underhood Diagnostic Units. [Tip from Tom Irwin] To retrieve any ABS
diagnostic codes which are stored and are noted by a lit "ABS" lamp, turn the ignition switch on
to KPII and leave the engine off. Look under the hood to locate the Diagnostic Link Connector
boxes. Your car can have one box ("A") or two ("A" and "B", 1992+). The "A" box has the
diagnostic connector pigtail, the test button, and the LED readout lamp.

Put the Diagnostic Link Connector probe into Box A, Position 3. Push button on DLC for >1sec.
and capture codes flashing in the red lamp.

To clear codes, place the DLC probe into position 3. Hold DLC button down for >5secs.
Release for 3 secs, then press again for >5 secs. This will clear the codes.

The codes are shown in the table below. Note that these are generic; your car may not have
two rear wheel sensors and thus the code will not apply. If you cannot pull any codes but the
lamp still lights, see Diagnostic Unit Malfunction: Surge Protector Failure below.

Code |ABS System Diagnostic Information

Mode 1: (40 km/h=25 mph)

1-1-1 No error code set

1-2-1 Left side front wheel sensor: faulty signal at speed less than 40km/h

1-2-2 Right side front wheel sensor: faulty signal at speed less than 40km/h

1-2-3 | Left side rear wheel sensor: faulty signal at speed less than 40km/h

1-2-4 | Right side rear wheel sensor: faulty signal at speed less than 40km/h

1-2-5 | Signal faulty from at least one wheel sensor for a long period

1-3-5 | Control Module (CM) faulty

1-4-1 Faulty pedal sensor: shorted to ground or supply

1-4-2 Faulty stop (brake) lamp switch: open circuit

1-4-3 | Control Module (CM) faulty

1-4-4 Brake discs overheated

1-5-1 Left front wheel sensor: open circuit or short-circuit to battery voltage

1-5-2 Right front wheel sensor: open circuit or short-circuit to battery voltage

1-5-5 |Rear axle sensor: open circuit or short-circuit to battery voltage

2-1-1 Left front wheel sensor: no signal on moving off

2-1-2 Right front wheel sensor: no signal on moving off

2-1-3 Left rear wheel sensor: no signal on moving off

2-1-4 | Right rear wheel sensor: no signal on moving off



2-1-5 | Valve relay: open circuit or short-circuit

2-2-1 Left front wheel sensor: ABS operation signal missing

2-2-2 | Right front wheel sensor: ABS operation signal missing

2-2-3 | Left rear wheel sensor: ABS operation signal missing

2-2-4 | Right rear wheel sensor: ABS operation signal missing

2-3-1 Left front wheel sensor: signal missing

2-3-2 Right front wheel sensor: signal missing

2-3-5 | Rear axle sensor: signal missing

3-1-1 Left front wheel sensor: open circuit or short-circuit

3-1-2 Right front wheel sensor: open circuit or short-circuit

3-1-3 |Left rear wheel sensor: open circuit or short-circuit

3-1-4 |Right rear wheel sensor: open circuit or short-circuit

3-2-1 Left front wheel sensor: irregular interference at speeds over 40 km/h

3-2-2 Right front wheel sensor: irregular interference at speeds over 40 km/h

3-2-3 |Left rear wheel sensor: irregular interference at speeds over 40 km/h

3-2-4 | Right rear wheel sensor: irregular interference at speeds over 40 km/h

4-1-1 Left front wheel inlet valve: open circuit or short circuit

4-1-2 Left front return valve: open circuit or short circuit

4-1-3 |Right front wheel inlet valve: open circuit or short circuit

4-1-4 Right front return valve: open circuit or short circuit

4-1-5 |Rear valve: open circuit or short circuit

4-2-1 Rear wheel circuit inlet valve: open circuit or short circuit

4-2-2 Rear wheel circuit return valve: open circuit or short circuit

4-2-3 | Traction control system (TRACS) valve: open circuit or short circuit

4-2-4 | Pressure switch for TRACS: faulty or short circuit
4-4-1 | Control Module (CM) faulty

4-4-2 Pump pressure low

4-4-3 | Pump motor/relay: electrical or mechanical fault

4-4-4 | No power supply to valves in hydraulic unit

Diagnostic Notes on ABS Systems by Larry Carley, Import Car Magazine, March 2002,
[adapted for Volvo RWD]



All anti-lock brake systems control tire slip by monitoring the relative deceleration rates of the
wheels when the brakes are applied. If one wheel starts to slow at a faster rate than the others,
it means the wheel is starting to slip and is in danger of losing its grip, locking up and skidding.
The ABS system responds by momentarily isolating the brake circuit for that wheel, releasing
hydraulic pressure and then reapplying the brake in rapid sequence until traction is regained or
the vehicle comes to a halt.

Electrically operated solenoid valves in the ABS modulator hold, release and reapply hydraulic
pressure to each brake circuit. This produces noise and a pulsating effect that can be felt in the
brake pedal. All ABS systems keep track of wheel
deceleration rates with wheel speed sensors. [Volvo RWD
cars use Ja common sensor in the differential ... for both
rear wheels (three-channel system). The common sensor
for the rear wheels reads the combined or average speed
of both rear wheels....

Dirty ABS Wheel Sensor

Wheel speed sensors consist of a magnetic pickup and a
toothed sensor ring (sometimes called a "tone" ring).
Wheel speed sensors generate an alternating current (AC)
signal that increases in frequency and amplitude as wheel
speed increases. Because the sensors are magnetic, they
can attract metallic debris from semi-metallic brake linings and rotors that stick to the tip and
interfere with the signal. If the ABS module doesn't see a clean WSS signal, it may think there's
something wrong and set a wheel speed sensor code.

The distance or "air gap" between the end of a wheel speed sensor and its ring is also critical. A
close gap is necessary to produce a strong, reliable signal. You don't want metal-to-metal
contact between the sensor and its ring since this would damage both. But neither do you want
too much clearance. An air gap that's too wide may produce a weak or erratic signal or, worse
yet, no signal at all... [Per the Volvo shop manual, the required air gap is determined by an o-
ring inside the sensor housing: make sure this is in place. If you need to measure gap,] insert a
non-magnetic brass or plastic feeler gauge between the end of the sensor and ring... [Because
wheel-speed sensors are magnetic, they attract metallic particles. If debris cast off from semi-
metallic brake pads, rotors or drums ends up in the vicinity of the sensors and sticks to the tip, it
will weaken the magnetic field and reduce the strength of the sensor signal. Gap and signal can
be seriously distorted by steel particles picked up by the magnetic sensor: remove these at
regular intervals.]

A good wheel speed sensor will generally produce an AC voltage reading of 50 to 700 MV when
the wheel is spun at a speed of about one revolution per second. If the voltage reading is low or
non-existent, check the sensor's resistance (with the key off). This can be done through a
breakout box with a DVOM. Checking resistance through the breakout box will tell you if the
sensor's wiring harness is okay. If you don't get the specified value [between 900 and 2,200
ohms for Volvo RWD front sensors and 600 and 1600 ohms for the rear sensor], disconnect the
sensor from its wiring harness and check the sensor's resistance by attaching the DVOM test
probes to the sensor leads. A resistance reading that's now within range tells you the problem is



in the wiring, not the sensor. If the sensor has too much internal resistance (opens) or too little
resistance (shorts), the sensor is defective and needs to be replaced.

Damage to the teeth on the tone ring can also upset the WSS signal. If one or more teeth are
damaged, even slightly, it may cause enough of a variation in signal strength to confuse the
control module. We’'re talking a difference of only .050 inches in tooth height in some cases.

Grounds or shorts in the wheel speed sensor cables can be found by checking continuity
between the wiring connectors. If a defect is found in the wires that run between the sensor and
the chassis, replacing the wires with new ones is a better repair choice than trying to fix or splice
them. These wires undergo a great deal of flexing every time the suspension encounters a
bump, so new wires will hold up better than ones that have been soldered, spliced or taped.

The operation of the ABS system can often be affected by electrical problems in the vehicle, as
well as the ABS system itself. Underlying conditions that may cause trouble include: -

. Low battery charge - A low charge can interfere with the operation of the anti-lock control
electronics.

. Blown fuses - Check the brake control module fuse, main relay fuse and pump motor fuse.

. Corroded/loose connectors - The main relay, ..., fluid level sensor and control module
connectors all must be tight and correctly installed.

. Water intrusion - The most common causes of excessive harness resistance are water
intrusion and corrosion at the sensor to main wiring harness connector. Water intrusion
can occur at the sensor can or at the harness connector.

. Bad grounds - Check body grounds, especially on the modulator and ABS module.

[Your Volvo reports diagnostic scan codes through the OBD-I diagnostic connector.] Once you
have a code, you have a place to start your diagnosis. Refer to the diagnostic chart or
procedure for the code, and follow the steps to isolate the fault. This will usually involve
measuring voltage or resistance within various wiring circuits or components. You'll need a
multimeter and possibly a breakout box to make these checks. [Recommended: Volvo OEM
"green manual” for brakes/ABS].

Diagnostic Unit Malfunction: Surge Protector Failure. [Tip from 10333] This info pertains to
Volvo 740/940 through 1993 model years. If your ABS light is on, and the DLC procedure for
obtaining the codes from the ABS ECU produces no codes (no blinks after holding the button for
>1sec with the DLC probe attached to #3 in the "A" unit, yet the DLC LED lights when the button
is pushed), the transient surge or over-voltage protection relay may be defective. In later cars,
this relay is located near the ABS control unit high under the kick-panel (you'll need to remove
this), behind the instrument panel, to the left of the steering wheel. It is on the other side of
metal bracket that holds the ABS computer (the large metal box with many wires going into it
through a sturdy connector, very close to the left fender). In earlier cars, it is located in the well
in the rear trunk that contains the ABS unit. The surge protector looks like a regular relay,
except that there is a 10amp fuse pushed into the top of it. If you follow the wires coming from it,
you'll see they lead to the main ABS computer. The relay can be removed from the bracket by



pushing up and twisting the bottom towards the footpedals. Now first remove the fuse and check
that it is OK. If it is, put the fuse back in the relay and obtain a voltmeter. Leave the wiring

connector on the relay and switch the ignition on, start the engine and leave it running. The pins
are labled 1, 2, 3, 4 on the connector (as well as inside the relay, but the numbers are hard to
see). Pin 1 (red wire) should show +12V. Pin 3 (black wire) should show continuity to ground.
Pin 2 (yellow/red wire)is the switched circuit, and should show +12V with the engine running,
and 0V with the car switched completely off. If you are not observing this behavior from Pin2,
the relay is bad, and needs to be replaced. The relay is essentially impossible to dissasemble
without destroying it, so a replacement unit will be required. My dealership charges $85 for the
part, and it is listed in their catalog as an "ABS over-voltage protection relay." Post -1993 cars

do not have this device.

Intermittent "Check ABS" Lamp. [Inquiry:] | have a 1989 740GLE that sometimes has the anti-
lock brake warning light on. The brakes are new so | know the're OK. Is there a connector
somewhere that should be cleaned? [Response:] Check ABS sensors at front wheels, and clean
them. Check B+ wires at the positive battery cable. Corroded positive terminal could be the
problem.

[Another Inquiry about ABS Lamp On:] Found a 1990 760T in great shape; original owner with
all the maintenance records. BUT: the ABS light stays permanently on. Am | facing a major
repair, or just an adjustment / clean-up of the ABS sensors ? [Response 1: Roy-Magne Mo] |
had exactly the same problem with mine. Clean the connector at the front wheels, and check the
wires going to the connectors. The wires were the problem with mine. [Response 2: John B] |
agree with Roy.....but you won't know until you have the system checked out. Before | bought it
| would pay the $80 or so to get the car and the system checked out by a Volvo dealer. You
DON'T want to buy a new ABS head for that car

[Response 3: RC] I should tell you that | had similar characteristic with my ABS. Luckily, a flush
of the brake fluid did the trick. | can only hope that your fix is as simple; ABS repairs sound
scary.

ABS Light "On": ABS Sensors/Wheels Dirty.

ABS Sensor Basics. [Inquiry:] During the snow here over last couple of weeks (UK) our 1992
Volvo 940 2litre turbo started flashing the ABS light up, and even now the snow's gone it came
on once but brakes are all fine and the light hasn't come back on for week or so does anyone
reckon we have anything to worry about, | reckon it may have just been the cold weather and
snow, and surely if the ABS was faulty the light would have stayed on all the time? [Response:
Paul Grimshaw/Bob Dietz] A common problem with ABS is that the sensors and reluctor wheels,
used to measure and compare tire rotational speeds, can become fouled by dirt and brake
carbon. This typically occurs on the front axle where the sensors and reluctor wheels attract a
considerable quantity of brake dust shed by the front calipers. As the wheel turns an analog
signal is generated from each sensor and monitored by the control unit. If the amplitude of the
signal decreases due to iron particles accumulating on the sensor the control unit cannot
accurately compute the wheel speed and begins to modulate the brake pressure to the wheel



whose signal has been lost. Since higher wheel speeds generate a higher voltage the problem
does not occur at higher speeds since the differential value detected among the channels falls
into an acceptable range. As accumulation of brake dust grows, heat fuses it into a carbon-like
coating that attenuates the minute changes in reluctance measured by the sensors. This is
interpreted by the car's ABS computer as a continuous difference in rotational speeds between
one or more tires -- eventually exceeding a threshold value and triggering a "fault” light.

It is good practice to carefully clean the reluctor wheel and ABS sensors whenever the brake
rotors are removed (usually during replacement of the rotors), as these parts lie inside the rotor
"hat". Unfortunately (in this case), Volvo brake rotors last quite a long time. The result is
considerable build-up -- and occasional fault light activation -- in otherwise functional systems.
Three-channel ABS systems employ a rear wheel sensor in the differential housing. These are
very reliable and need not be removed nor cleaned unless a specific problem is encountered. A
variety of Bosch and Teves systems are of the four-channel type employing reluctors and
sensors at each wheel; these are not used on Volvo 200/700 or 940 cars.

Cleaning Sensors. [Response: Paul Grimshaw/Bob Dietz] When cleaning the ABS sensors, it is
best to avoid the urge to remove them from the dust shield as their plastic bodies can become
brittle with age and crack if forced. A better cure would be to clean the wheel sensors by wiping
them clean with a rag or soft brush. Another problem is the possibility of signal loss through non-
waterproof connectors or cracks in the wiring or its insulation. | have seen cars where the rear
wheel sensor anchor bolts were absent; with metal shavings on sensors that looked like a dead
mouse (the sensor magnet is smaller than a pencil); or with broken wires inside intact insulation
at the waterproof connectors both at the differential and shock towers. Most of the failures are
very simple. The system isn't rocket science, which is probably why it works. But it needs to be
maintained just as any high tech system needs to be maintained. [Chris Herbst] If you remove
the sensors, make sure the o-rings are seated properly. | usually grease the O-rings a little bit
on reinstallation.

Cleaning Reluctor Wheels. [Tip from Chris Herbst] Usually there is a big buildup of garbage in
the sensor reluctor wheels that obscures the sensor from reading it. The more junk that is on the
wheel, the less defined the impulses will be. | scrape them out usually with a small drift pin and
then blow compressed air at them. Some of the junk doesn't blow off of the wheels with
compressed air and you will need to scrape it off.You could also use an appropriately sized
dowel or something with an edge that will scrape the debris from the wheels. Try not to damage
them by putting surface scratches in them. If you use compressed air on brake parts, use
appropriate precautions so as not to inhale the dust!

ABS Light "On": Rear Sensor? [Inquiry] Is there a ABS sensor in the rear somewhere? |
have cleaned the 2 up front and sprayed them well with contact cleaner. It seems to light up
when braking and hitting a bump then it just stays lit.. The wires that lead to the sensors up front
look in good condition. [Response: Chris Herbst] There's a single rear sensor (single wire) that
goes to the differential. The sensor sends the same signal to both speedometer and ABS units
through one pair of wires leaves the sending unit. . The "over bumps" part is a good clue. That
thing acts up over bumps first, and eventually breaks or becomes totally ineffective. Some days
your system will work until you hit a bump and then BINGO- your ABS lite comes on and the



speedometer fails! Play around with the sensor and connector and see if it might be your
problem. It often is.

ABS Light "On" After Jump Start. [Inquiry:] On my 1993 940, | had to change the battery and
after the car was started the ABS light was on and now doesn’t go off. | checked all fuses at the
fuse box, | read there's another one up by the ABS ECU? Please tell me there's another fuse to
check, | fear this may be an expensive repair. What else can | check? [Response 1: Jim
Bowers] A possible source of system overvoltage is a loose battery cable. If the cable
disconnects, even for a few thousands of a second, while the alternator is charging, the
alternator output voltage will jump to a very high value, usually killing the alternator diodes also.
[Response: Abe Crombie] First, make sure the leads that attach to the bolt on the positive
battery terminal are tight as one of these is the feed for the ABS modulator under hood.
Second, there is a fuse on that year model (94 and later 900's don't have this fuse or the relay)
on a relay under dash clipped to the bracket for ABS control unit. This control unit is high up on
the left on 940 and over under the kick panel in right passenger's foot well forward of door on
960. Itis a 10A push in fuse. The relay that the ABS fuse is located on blows the fuse if there is
an over-voltage condition to protect from excessive voltage level to control unit. The usual
reason that it blows is when you jump start vehicle.

ABS Sensor Replacement. If suggestions of cleaning the front ABS senders (sensor and
pulse wheel) and associated electrical connectors doesn't stop the intermittent ABS fault then
you may need new sensors. | found the original old style sensors (rectangular tipped) on my '89
were over-sensitive, especially at low speeds on very smooth surfaces. Your car may or may
not have received the in-warranty upgrade to the less sensitive new style sensor (diamond
shaped tip). If not, it would be a relatively easy DIY upgrade.

[Tips on Removing ABS Sensors:] How do you safely remove the ABS sensors? After
removing the 5mm Allen screw mine seem to be seized in place. | don't want to break them so
I'm looking to some experienced people for some advice. My ABS is pulsing inappropriately at
very slow speeds. | have reseated both electrical connections on the inside of the shock towers.
[Response: Abe Crombie] The sensors fit into the holes in the spindles with clearance to spare.
Twist them as you pull on them and they should come right out. If they are the style constructed
with two steel strips bonded to a magnet in the center to make the tip (made by VDO) then they
will have a much greater tendency to have the low speed modulation as you have experienced.
The other style (Bosch) have a diamond-shaped tip that is all steel.

ABS Pulses at Low Speeds. [Inquiry:] The ABS acts up when I'm driving at low speeds and
applying hardly any pressure to the brake pedal of my 1990 740 GLE. The ABS lifts the brake
pedal in the same way as if it was locking up. [Response:] You should remove and clean the
front wheel speed sensors. To do this turn wheel full lock to one side and then remove the
sensor from wheel that is turned out by undoing a 5 mm Allen screw you will see adjacent to
arm where tie rod for steering attaches. Then turn wheel to full lock the other way and do the
same on other side. Also unplug and then reconnect the sensor connectors that are in the



engine compartment near top of struts. This should effectively clean the connections. This can
also cause low speed inappropriate ABS activation.

[Tip from Bob Dietz] Apparently when the waterproof connectors to the ABS sensors at the
differential (rear) and shock towers (front) are molded on the sensor wire itself is under a lot of
tension--1've found many of these with only one or two strands of wire left unbroken, even
though the insulation looks fine. This can cause lost ABS signals. Volvo can supply replacement
pigtails. It's a piece of white wire with the identical end molded on. | line splice and solder the
joint, shrink tube over. Try to maintain the twist. All the signal cables for ABS are twisted pair.
There is also the possibility of signal loss through non-waterproofed connectors.

Noise from 960 ABS System. [Inquiry: My 960's ABS system makes a strange noise on
stops.] [Response:] The ABS does do a self test if you come to a complete stop for over a
couple of seconds. This is in addition to the initial test that occurs on the first roll over 4-6 MPH.
To verfiy that this is the noise, pull out the fuse for the ABS and drive (carefully so as to not
need the now nonfunctioning ABS) in the conditions to see if the noise is gone. Putting in the
fuse and switching ignition off and then restarting and driving again will turn off ABS warning
lamp.

ABS Lamp Lights After Start-up. [Inquiry 1:] The Anti-lock light illuminates on my 1990 760 a
while after | start driving, before that ABS seems to work OK. The light seems to become lit
when | exceed 25 mph, but lately it seems like the speed has been higher, yesterday | had as
much as 75 mph before it became lit. Can a slight shiver in the front wheel bearing cause this?
[Response 1:] If the light comes on as you gain speed through 3-5 MPH then you might have a
faulty pump motor relay. The pump is tested as you gain speed the first time after starting car. If
it comes on after you have driven a distance and hit a bump then a problem with wheel speed
sensor wiring is likely. The ABS system on that year model doesn't have fault diagnosis code
feature. If it's a wagon with solid rear axle the wire from car to axle is subject to motion with
every bump and will fatigue and break inside insulation. This usually is no sooner than 100 K
miles unless the car is driven on poor roads a lot. If it were the cable it would predictably do it on
bumps. If there is a severe build up of metallic particles on front sensors that can make light
come on. If your wheel bearing has expelled grease that may have built up on sensor and made
it retain the metal pad wear particles. That might be the place to look first. A bent pulse wheel
(part of hub and runs next to sensor to create the signal , looks like a gear) can do the same.
The system is designed to be a little forgiving when the signals from wheels are not equal as
this could be due to normal things like having the mini-spare on car. If the signal is too different
then the ABS lamp will light . The wheel bearing is a ball, not tapered, roller type that is not
adjustable and must be replaced if it is loose.

[Inquiry 2:] The ABS light on my '90 740T Wagon came on as soon as | started the car after
lunch today (very hot, very humid). And it stayed on after | drove it and after restarting the
engine a couple of times. [Response 2:]If the light is on at start and doesn't go off then you
likely have a problem with the surge relay next to ABS ecm or the solenoid valve relay on ABS
modulator under hood. The fuse on the surge relay can come lose or relay can fail. The solenoid
valve relay (the smaller of the two on ABS modulator under black cover) gets eroded contacts



and will need replacement if that is in fact failed. Turn on key, start engine, check to see that
ABS light is on and then tap on AS modulator, if light goes off then sol. valve relay is at fault.
Otherwise check surge relay next to ABS ecm for loose fuse. See also Speedometer Relay and

ABS Lamp
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Coolant and Maintenance:

Coolant Recommendations. See the FAQ File with more technical information about coolants.

[Editor] Folks have tried various coolants in place of the Volvo Blue-Green, which is expensive.
Your choice falls into three categories:

. Highly-silicated conventional green antifreeze (e.g., Prestone and many other brands)

. Dexcool orange with no silicates and organic acid corrosion protection (e.g., Havoline
Dexcool and Prestone Dexcool)

. Glysantin orange-yellow with low silicates and organic acid corrosion protection (e.g.,
Zerex Extreme G-05)

My own experience with Dexcool has been positive with one exception: the solder in a Nissen
brass radiator began leaking . Dexcool is known to have problems with high-lead solders, and is
also sensitive to air levels in cooling systems. If you don't keep the system topped off to the
"min" mark on the reservoir, it may cause scaling and rust precipitation. The last Glysantin
alternative is new in the US, although well-known in Europe, and may be the optimal
replacement coolant for Volvo. It has a small amount of silicates to improve corrosion protection
for lead and aluminum, but not so much as to precipitate out, and in addition uses an OAT
package.

Dexcool Coolant [From the AC-Delco site:] Neon orange in color, the coolant lasts up to five
years or 150,000 miles, whichever comes first. Conventional coolants need to be replaced every
two years/30,000 miles. DEX-COOL'’s benefits include: Lower maintenance costs, due to longer
change intervals; enhanced component durability -- improved water pump seal performance and
superior heat exchanger protection over regular-life coolants; recyclability. Note: DEX-COOL'’s
unique orange color acts as a reminder not to mix the new formula with conventional coolant
(usually green in color). Although it won’t damage your car’s cooling system when mixed with
other coolants, DEX-COOL will lose some of its effectiveness. (Warning: Do not use DEX-COOL
with Cooling System Seal Tabs, Radiator Fast Flush or Radiator Stop Leak.)

[Motor Magazine, Aug 2004] One of the coolant issues that may arise is the use of an
aftermarket replacement radiator or heater core made of copper-brass with lead solder. We
have in previous articles pointed out that today's coolant inhibitor packages contain a small
amount of copper-brass protection, but may provide little protection if a radiator is made with



high-lead solder. Results of industry standard tests of the new Toyota extended-life coolant now
show a substantial weight loss (corrosion), both in a 50-50 mix and in a 33% coolant mixture
(solder corrosion is much greater in this more diluted solution). If you have to change a radiator
or heater core, use aluminum. Or, if it's an older car and the owner wants the lowest-cost
radiator, you might procure a soldered-together copper-brass unit. Conventional American
coolant should provide better protection against solder corrosion, which can result in radiator
tube restrictions and leaks. But no coolant provides perfect protection.

[Ywan Mason] Dex-Cool, according to a GM service bulletin only gives the extended life when it
was used as the first and only coolant in the car. Residual amounts of conventional coolants left
in the system even after careful draining require that the Dex-Cool be changed at the same
interval as any other coolant, every two years. [Chris Herbst] Dexcool can cause problems if
installed in a leaky system, or if it is used in a system run low on coolant. Also, it finds leaks
where typically there may not be any (or one might not see any).

Zerex G-05. This is Valvoline's new Zerex coolant, known as Extreme G-05. From their
website: Extreme G-05 is a low-silicate, low-pH, phosphate-free, formula that is designed to
protect diesel engine cylinder liners from cavitation. Extreme GO5 is safe for both gasoline and
diesel engines and is approved by DaimlerChrysler for worldwide MTU applications. Utilizes
hybrid organic acid technology to minimize inhibitor depletion; Low-silicate, low-pH and
phosphate-free formula; Protects all cooling system metals, including aluminum

Makeup Water. [Tip from Prestone's Info Line] We would consider the order of preference for
water to be as follows:

1st choice: Type IV water- Both demineralized & Deionized.
Next choice: Distilled water

Next choice: Bottled water (like the type at a grocery store)
Last choice: Tap water

sl

Draining Engine Coolant.

Which Coolant to Use? See the discussion on Coolant Recommendations .

Block Drain Plugs Location.

B230F. [Inquiry:] B230F - | want to flush the cooling system, but the only block drain | see is a
threaded male plug on the RH side of the block (kinda high) below exhaust manifold runners 1
and 2. Is that all there is? [Response: Randy] Look for the block drain on the passenger's side
of the block, #4 cylinder back just above the oil pan and in front of the transmission bellhousing.
13mm wrench will loosen, continue to turn counterclockwise and the coolant will flow out. You
can attach a hose and run it into a container with about a 2 gallon capacity. If it hasn't been
used in some time you may have to clean it out to get a good flow. You can also unscrew the
entire drain. Open the reservoir cap to increase flow. You will not be able to remove all the
coolant: it always seems as though about two quarts remains in the system. On the 940Turbo:



the coolant drain is at the end of the short hose leading from the oil cooler, about five inches
behind the oll filter beneath the car. It points down from the tubing on which it is mounted.

Draining Coolant. [Inquiry:] | must be missing something here. My 944 needed an antifreeze
flush and refill, so off | went. | set the heater on "high", disconnected the vacuum to the water
valve to make sure it was open, disconnected the upper and lower radiator hoses and drained a
large quantity of coolant out of the radiator, water pump and overflow bottle. The heater hose
was stuck on to the firewall pipe; not wanting to cut the hose, | did not disconnect it, thinking that
the upper radiator hose disconnection would encourage the head and heater to drain. | also
drained the block via the block plug screw. After refilling and draining again once, | put in what |
thought was exactly half (5 gts) of the system capacity in new Dexcool antifreeze. This filled the
system, so | obviously had another five gts of undrained water sitting in there somewhere. Has
anyone figured out how to drain the cooling system down to zero? Can the heater actually hold
that much fluid? [Response:] You will never be able to get all the coolant out. Have you ever
replaced an engine thinking you got all the fluids out only to have a mess all over the floor. The
engine has areas that can't be drained unless the block is tipped over. You did as thoroughly as
the job can be done. When refilling premix the coolant so that when you top off, the mixture is
still 50/50 .

Engine Flush Procedure. [KenC] For a thorough flush, try this technique. You will need sockets
for the clamps' nuts, a garden hose and a couple of feet of 1" I.D. RBU (reinforced with braided
vinyl) or solid vinyl transparent hose (transparent, so you can see the quality of the water
coming out). This hose is available in all hardware/plumbing stores, and it's external diameter
lets it snugly fit into the upper radiator hose forming a good connection.

1. Turn the heater temperature control to "hot" to open the water valve.

2. Drain the cooliing system (preferably when cool, so there won't be a temperature shock or
overheating to the engine). If you can reach the engine block drain, so much the better,
but at least pull off the lower radiator hose where it goes in the radiator. Be careful pulling
off this hose so you don't break the plastic outlet.

3. Remove the thermostat and then reinstall the thermostat housing without the thermostat.
Don't worry about a gasket -- there's no pressure in this process, so just finger tighten the
two nuts. And throw away the old thermostat -- treat the car to a new one and its gasket,
after all this effort, it deserves it.

4. After draining, slip the lower radiator hose back onto the radiator's "neck", but don't bother
with a clamp (again, no pressure).

5. Pull off the upper radiator hose from the thermostat housing. Now, stick the transparent
hose into the housing, so that the transparent hose extends forward over the radiator (so
discharged coolant doesn't fall into the engine compartment) -- later you'll be watching the
appearance of the coolant in the hose before being discharged, a more reliable view than
watching the stream of coolant. Be careful in this process that you do not lean on or crack
the plastic upper radiator hose inlet: it can be brittle.

6. Wrap a little tape around the end of an ordinary garden hose, and jam it (gently) into the
open end of the upper radiator hose -- it will fit nicely. Now, turn on the garden hose's
water supply.

7. Watch as the fresh water circulates throughout the cooling system, flushing out the old
stuff. Keep an eye on the color of the solution in the transparent hose before it spills out.



You can even turn on and run the engine (at idle, only) to use the engine's water pump to
help circulate the fresh water and dislodge heavier debris. But don't rev the engine, as the
garden hose usually can't keep up with the pump's needs, and you'll get pump cavitation.

8. After it's thoroughly flushed, drain all the "garden hose water" in the system by pulling off
lower radiator hose and opening the block drains.

9. Re-attach proper hoses with tightened clamps, install a fresh thermostat, and then refill
with a good quality antifreeze (about a gallon of antifreeze to similar amount of distilled
water -- depending on your model engine.

An Alternative Flush Procedure. [Robert Ludwick]. You should have a block drain with a nipple
on it on the passenger side at the rear of the block (or, for turbos, a coolant drain fitting in the
bottom of the u-shaped hose near the oll filter). Go to the hardware store and get a piece of
clear vinyl hose to fit it, a couple of clamps, and a garden hose end fitting and attach it to the
hose. Remove the thermostat housing and the thermostat and replace the housing. Remove the
coolant reservoir cap. Turn on the hose and the system will be flushed up and out the reservoir.
To drain the system afterward, remove the block drain and the pump end of the lower radiator
hose, bending it down to drain the water.

After flushing just hook the system back up and pour 1 quart of 100% coolant into the coolant
reservoir (to mix with residual water in the block and heater core), then top up with a 50-50
coolant/distilled water mix.

Bleeding Air from the Cooling System. [Inquiry] After replacing a thermostat or water pump,
how do | bleed the air out? [Response: Jim McDonald] Very little bleeding should be necessary
if you put the thermostat in with the "wiggle valve"[air vent] in the right position[up]. Typically, |
only have to add around a liter or so after running the car 'til the thermostat opens. [Editor:] I've
experienced a clogged air vent. To make sure the head is filled with coolant and to prevent
overheating after refilling, bleed air from the head by loosening the thermostat housing nuts and
bleeding until coolant comes out.

Testing Coolant. [Tip from Rafael Riverol] Periodically, use an accurate multimeter to check
voltage between coolant in expansion tank and engine ground. Volvo says to change coolant if

you read 0.9 volts or more. You can also add compatible anticorrosion (and lubricant) treatment
and run coolant forever. Generally, | read less than 0.1 volts on my two Volvos with a very
accurate multimeter.

Changing Coolant on 960 B6300 Engines. [Editor] See the 960 file notes on coolant
replacement and porous blocks for important information about IGNORING Volvo's "never

change" recommendation and instead flushing, changing coolant and refilling with distilled water
on a regular basis.

Thermostat Replacements.



Which Thermostat? [Editor/Bob] While you've got a choice, the Volvo specifications are:
Thermostat: begins to open at:
B 200/204/230F/FD 198° F (92° C)
B 230FTurbo/234 189° F (87° C)

B 6244/6254/6304 195° F (90° C) (changed from 87 for replacement
thermostats)

D24/24T/24TIC 189° F (87° C)

How to Replace. [Top from Mike G.] Even with limited mechanical ability, you should be able to
change a thermostat on the 4 cylinder Volvo (assuming the problem is a stuck thermostat). To
remove you can simply undo the two nuts holding the thermostat cover on top of engine at front,
the one with the big top hose from radiator connected to it. You will lose a little coolant, so have
some new 50/50 ready to go. Remove thermostat with its rubber o-ring, note orientation, so that
you don't put the new one in backwards or upside down (yes it matters; see the photo below).
Put new o-ring on the lip of the new thermostat, put assembly in hole, put cover back on,
tightened nuts snugly but don't tighten with all your might as the studs are in aluminum: tighten
just enough to seal the o-ring. Fill with coolant, start car, check for leaks, check coolant level
after all warmed up. | usually boil the new one before installation to note that 1. it actually opens,
and 2. that it opens at about the correct temperature. Good luck. PS Don't buy a cheap
thermostat at a cheapo supply place; go to a good aftermarket supplier or theVolvo dealer as
they are cheap.

Installation and Troubleshooting Tips. Thermostats must be installed with the small venting
nipple oriented upward. If incorrectly installed, an air pocket will form in the thermostat housing
causing a reduction
of cooling abilities.
When you replace
coolant, loosen the
thermostat housing
when refilling and
bleed air from the
system until the
coolant appears at  |Thermostat and O-Ring
the thermostat, just
to make sure you
have no air bubbles.

For pitting on the
housing or the head
adjacent to the
thermostat, seal it




with RTV. IF this does not work, use JB Weld to fill the pits...clean them out a little with a dental
burr or smallest carbide bit you can find and a Dremel tool, then use JB Weld, file/grind smooth.
It sticks very well to aluminum. You can also use titanium-filled DevCon but it's hard to find...
also has to be heated to around 125F and should solve any pitting problem. If the thermostat
still leaks after installation, a light coat of RTV between housing surfaces will solve the problem
(although it will make cleanup more difficult next time). Finally,
you can purchase a new housing for less than $20.

The illustration at left shows the typical failure mode for
thermostats, with the rubber seal split at "1" and the piston brace
Typical Failure Mode for broken at "2". Either may occur.

Thermostat

960/90 Cars. For a preventive maintenance note regarding
sticking thermostats in B6304 engines as well as complete
replacement instructions, see 960 Too Hot or Cold: Stuck

Thermostat

Radiator and Cooling System Lifetime. Contrary to expectation, your cooling system is a
"wear item" that will last about eight years with reliability. After that, you risk a catastrophic
failure and a cooked engine. The solution is to change the radiator, hoses, water valve, and
thermostat if you have not yet done so and drive a more reliable car. Water pumps tend to last
longer and fail in a controlled manner.

Radiator Bug Screen. [Tip from Roland P.] For more than 20 years | have used fiberglass
house screen in from of my Volvo 72, 81 and 91 radiators. This keeps insects from plugging air
passages. Anything smaller than screen opening passes through; larger insects (leaves/dirt
also) stick on there and fall down when engine stops. It seems to prevent these bugs from
cooking in there. Radiators seems to last longer also.

Overheating: Radiator Fin Cleaning. [Tip from Pomp] My Volvo's been having all the same
overheating symptoms I've been reading about on the board . . . running into the red and
staying there. | too put in a new thermostat and did a flush but it still ran hot. | then sprayed out
the radiator fins from the engine side out. Yesterday we ran into 99-degree heat and it never
once ran hot. [Tip from Michael] You can start by opening the hood and taking the grille off by
pulling up on the spring clips at the top. To clean both the a/c condensor and main radiator it
may be a good idea to unbolt the two top radiator clamps that hold the radiator in place and
remove the top plastic air dam. Remove the electric fan and fan shroud. Now you can patrtially
push the radiator rearward a little bit. Use a thin tool (such as a putty knife) to straighten the
bent fins on both radiators. You can then use a brush to gently sweep away any debris stuck in
the cooling fins. Spray it down with a mixture of dish soap and water. Let it sit for awhile, then
spray off with a high pressure garden hose (you can find a high-pressure hose tip at a hardware
or garden place). Spray from back to front to dislodge crud stuck in the fins. After all is clean



place radiator back in place properly, bolt everything back up and you're on you way. | did this
about a month ago and the car runs a bit cooler believe it or not. [Tip from Ed Lipe] | use
compressed air. Always blow back to front with air. You run the risk of making a mud-pack if you
just make a passing attempt with water. The generic blower schnozzle on the end of a
compressed air line works well. You often get to nick your knuckles on the fan and shroud and
other goodies down there. Yes, you do have to reach. I've made a modification to my blower.
Usually there is a fitting screwed into the end of the blower, and it is usually 1/8" NPT pipe
thread. I've added a 1/8 NPT x 1/4" tubing compression fitting with about 2 feet of 1/4" copper
tubing or the stiffer brake tubing. With this, you can reach some tight places with little problem.
| use mine nearly every day to clean coolers and radiators. | start from the rear and then go to
the front and then again from the rear just to make sure it's clear. After a good blow out a hose
down is also good, but the air is usually enough. Make it a regular part of your maintenance
regimen.

Hoses:

Replacing Hoses. [Editor] Replace your hoses (radiator/reservoir/heater/oil cooler) and heater
water valve before they fail. See the discussion of sudden loss of coolant below about the
consequences of poor hose maintenance. The BEST quality hoses come from Volvo: they seem
to last much longer than aftermarket hoses.

Radiator Hoses. Remember that you have THREE radiator hoses: upper, lower, and the hose to
the reservoir. A fourth is the air vent from the top of the radiator to the reservoir, which seems to
last forever. When replacing the radiator hoses, remember that the plastic side tank outlets are
fragile (especially if they are old), so don't lean on them, bend or twist them. Rotate the old hose
back and forth to ease its removal when pulling off; use a little silicone spray beneath to loosen
them. The air vent hose is 6.2mm in inner diameter, about 87.5cm/34-1/2 inches long, and
Volvo p/n 942700. And if you have a turbo, don't forget the oil cooler hoses near the oil filter.

Heater Hoses. When changing the heater hoses, study the orientation of the hoses before you
pull them off so you can reinstall them and the heater water valve correctly. OEM hoses are
often in one piece, designed to be cut in half to match two halves on the car. The heater water
valve goes between the heater hose connected to the short pipe coming out the cylinder head
and the heater hose entering the bottom tube of the firewall connector . The arrow on the valve
points toward the firewall. The top heater hose goes to the red pipe behind the head leading to
the water pump. One caution in this job is don't bend or break the throttle or kickdown cables, or
any vacuum lines. There a several plastic clips that hold the heater hoses away from pipes to
avoid abrasion; if you break one, the p/n is 6848221-5, costing about $2 each. CAUTION: Make
sure that these plastic clips are attached to the hoses and doing their job! If the heater hoses
contact the block or the hot EGR tubes, they will wear and leak.

Changing Heater Hoses: Procedure [Jay Simkin]



. Access. | used a 16" wide board (68" long and 1 1/4" thick) as a work platform. | put foam
tape on the underside, at the ends (to protect the fenders) and laid the board over the
engine bay. | made sure the leading edge (closest to the radiator) was not resting on the
fan shroud. | made sure that the trailing edge (closest to the firewall) was not resting on
the coil (Rex Regina coil sticks up). In this way, | was able to lay on top of the engine, and
so to look down through the intake manifold branches, at the hose clamp, that secured
the hose to the port on the side of the head, below the intake manifold.

Hose Removal. Do one hose at a time so you can remember the orientation. Clamp
removal: if the clamps are original (you will know this because the teeth are cut into - but
do not go all the way through - the metal), use a 7mm/9/32" socket to loosen them.
Loosen them completely. If the clamps are not corroded, put a bit of lithium grease into
the screw, and re-use them. Make sure no grease gets onto the inside surface of the
metal: wipe this area with a solvent (e.g., brake cleaner). The grease in the screw area
will make it easier to re-install the clamp. To minimize the risk of cutting into the copper
heater core hose ports conyeing water through the firewall and to the heater core, use a
utility knife to CAREFULLY cut through the heater hose 3" from the firewall. Then, using
the utility knife, cut towards the hose port, spreading the cut hose with your fingers,
behind the blade. You will see the edge of the hose port, before the blade touches it.
Starting at the leading end of the hose port (that closest to the front of the car), gently
make a cut along the length of the hose that is still on the hose port, towards the firewall.
Do NOT try to cut all the way through the hose: you will almost certainly cut into the soft
brass nipple or hose port wall: that will give rise to a leak. Once you have made the first

cut, deepen it, while spreading the hose from behind the blade, so that you can see how
deep you've gone. Gradually deepen the cut. At some point - before you've cut all the
way through - the rubber will give way, when you spread the hose. You will be able to
remove the hose stub from the heater port, without the blade ever having touched the
nipple or heater port wall. If you gouge the nipple, use sandpaper to smooth it so it does
not result in a leak. Generally, you can simply pull the hoses off the other two ports - that
on the side of the head (under the intake manifold) and that on the pipe, which runs
behind the exhaust manifold and around the back of the head. These ports are not
especially fragile. There is no easy way to access them with a knife blade. How you
remove these hoses depends on your hand size. If you have a small hand, you will be
able to grip the hose under the exhaust manifold. If you cannot do this, use a pliers to grip
the hose, and pull it off of the port in the side of the head. You likely will need to wiggle
the hose to "walk" it along the port.

. Hose Re-installation. Clean the hose ports with solvent - | used methyl ethyl ketone - to
remove any grit, rubber particles, etc. This will ensure a tight seal. Do not forget to put
clamps on the hoses, before you run the hoses to the port on the side of the head and to
the pipe behind the head. First, do the lower hose (the one that runs to the port on the
side of the head, and into which the heater valve has been installed). It should pass
between the wiring harness (with the ridged cover) and the oil dipstick tube, on the
passenger side of the dipstick tube. Making sure that the clamp screw will point upwards,
install the clamp on the hose at the end, which is to go on the port, on the side of the
head. If you're right-handed, it will be easier to secure this clamp, if the clamp is
positioned, such that the screw is positioned on the right side of the hose (i.e., towards
the front of the engine). Lubricate the inside of the hose with saliva, then reach under the



intake manifold, and push the hose to the point where the hose opening is just touching
the edge of the port. Then, slowly work the hose along the port, until it is against the base
of the port (as close to the wall of the head as it can go). Position the clamp 3/16" from
the base of the port, and tighten the clamp, using the flexible shaft screwdriver/nutdriver,
through the opening in the intake manifold branches. The upper hose should pass behind
the 1" thick wiring harness (with a ridged covering), on its way to the tube, which is behind
the head, and which runs along the side of the head, behind the exhaust manifold, to the
back of the water pump. Position the hose clamp on the end of the hose, making sure
that the hex head points upwards. Push this hose onto the end of the pipe, until it reaches
the stop. Position the clamp 3/16" from the stop and tighten it. This hose should fit into a
black plastic clip - with a swivel - which attaches to the fuel return line. When you slide the
clamps over the hoses, before pushing the hoses onto the heater core ports, position the
clamps so that the hex head of the clamp screws on the hose clamps, point to the
passenger's door. Push the hoses all the way onto the port, until the hose contacts the
foam gasket at the base of the port (closest to the firewall). Position the clamp about
3/16" from the end of the hose. Tighten the clamp until it is shug, using a flexible shaft
screwdriver, or a flexible shaft extension, with a socket on the end. Connect the vacuum
hose to the bottom of the heater control valve. Make sure to reconnect the hose from the
side of the flame trap to the intake manifold, and the vacuum line to the cruise control
actuator (if either has been dislodged). Refill the system will coolant/water (50:50) mix.
Start engine, wait for it to warm up (temp indicator in the middle). Check for leaks where
hoses attach to ports. If necessary, snug hose clamps. Turn the climate control setting to
max heat. If you feel a blast of heat, everything is fine. If the air is only warm, there likely
IS an air bubble in the heater core. Turn the car around, so that the nose is pointing down
(if the car was angled up before, or vice versa). This should allow the air bubble to
escape. If you then get a furnace-like blast of heat from the vents, you're good for another
decade, or so.

Turbo Oil Cooler Hoses. If you have a turbo, remember that there are two coolant hoses to

the oil cooler under the car that need to be replaced: they rot because of dripping oil
from oil filter changes. Buy only the Volvo OEM hoses from the dealer for this
application: they are curved to fit and made of special rubber to resist dripping oil. Do
not use heater hose stock instead of the OEM hoses.

Heater Water Valve: see the FAQ file

Water Pump:

Water Pump: Check out the file for detailed instructions and pictures from Cameron Price
regarding a B230 water pump



Leaks. [Tips from IPD] The weep hole on the bottom of the pump snout is a common source of

leaks. Inspect with a mechanic's inspection mirror. Leaks from here mean the bearing is
beginning to fail and the pump must be replaced. If you see coolant on top of the pump, the top
rubber seal between the head and the pump needs replacing. If you see coolant leaking from
the delivery pipe coming out of the back side of the pump, the seal needs replacing. Coolant
dripping or seeping from the base of the pump at the block indicates that the pump gasket
needs replacing. Most shops prefer to replace the entire pump anytime the seals or gaskets
leak, just to be on the safe side.

Replacement Brands. [Editor] Brickboard consensus seems to prefer, in order of descending
quality and longevity, Volvo OEM pumps, then Hipu, then other brands.

Replacement Procedures: [Tips from Chad M, Cameron Price, Editor]

1. From beneath, remove the splash shield and loosen the bottom power steering pump
mounting nut and bolt (this is almost impossible to loosen from above). Leave the belt
tensioned. You will likely have to raise the car on ramps for this one operation.

2. Lower car. Disconnect battery. Drain coolant from system into a large clean pan beneath
the lower rad hose. Remove the clamp, pull off the hose and drain the system; hopefully
most will end up in the pan.

3. There are four small bolts (10mm) that hold the fan to the water pump hub. They also
hold the pulley. Using a six-point 10mm socket, remove fan, leave pulley for now.

4. Loosen the top power steering fixing nut, back off the tension adjuster, and loosen the
belt. Pull off the pulley and the power steering belt.

5. Remove the top timing cover: 2- 10mm bolts, one 12mm near the bottom, and a torx
screw behind the top.

6. Now you can see the pump. Remove the hose. In no particular order remove the nuts and
bolts around the pump body. All of them are 10mm. | suggest you place a rag under the
bolt near the timing belt, otherwise the bolt and washer could drop into the bottom timing
gear cover.

7. Examine pump. Are the vent holes on the shaft housing stained from coolant? Is there
appreciable play in the pump shaft? Have the gaskets, (2 o-rings / 1 paper) failed? In any
event, it will be fairly obvious.

8. Clean gasket surfaces to remove all traces of old gasket and grease. You will often find
corrosion that can prevent a good seal. Clean the metal hose flange and the underside of
the head with fine sandpaper, mild Scotchbrite, copper wool, or a brass brush, NOT steel
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10.

11.

12.

13.

14.
15.

16.

wool. A mirror and bright light help to see up
under the head surface while it's being
cleaned.

Use a razor blade scraper on the block.
The paper gasket usually sticks to the
block pretty hard. A small straight

screwdriver tip cap get around the bolts.
Water Pump Seal and Elongated Bolt Holes

Install new flanged o-ring on the top of the
new pump ("1" in the photo). Some people
use a little silicone grease or Permatex
Hylomar to help in installation. Install new o-
ring on return line, using a small amount of
silicone grease in the return line hole to help
the o-ring slide into place. Spray both with
silicone or place a little petroleum jelly on
them to keep them from binding on reinstallation.

Hang new gasket on two remaining studs in engine block. The gasket goes on dry: NO
sealant.

But use antisieze on the bolt and stud threads.

Installing the pump. First off, get the pump roughly into place and fit the return line o-ring
into the pump body. Tighten this return line nut and bolt assembly. If there isn't an Allen
bolt fitted here already, do so. It makes tightening / loosening worlds easier.

Place the pump flush against the block in position. Two of the holes that fit the studs, as
you have noticed, are oblong (see "2" in Colin Shepherd's photo). Put the nuts on loosely.
Find a 12-18" pry bar or screw driver. Levering against the bottom-most portion of the
pump and the crankshaft pulley or power steering pump, lever the pump upward. You
need to get compression on that flanged o-ring (see "1" in photo). You don't have to use
terribly much force, but it should be very snug. Start the remaining bolts in their holes
while levering upwards, using a small amount of thread sealer on several as they do
protrude into the water jacket. Now tighten the two nuts, still while holding pressure, to 8-
10 ft-Ib (11-15 Nm. )

Tighten the rest of the bolts in a star pattern to 8-10 ft-Ib (11-15 Nm.)

NOW IS AN EXCELLENT TIME TO CHANGE YOUR TIMING BELT and tensioner. You
have to take off the other belts if you decide to do this.

The rest is just the reverse of removal. If your new pump did not come with studs, just
reuse the old ones: take them off.

Put a nut on the stud so that enough of the stud is sticking through the nut to place
another nut on top of it. Cinch the 2 nuts together (not too tightly, but firmly) and
now you should easily be able to get a box end wrench on the 2 nuts and extract
the stud.



Do not forget to tighten the power steering fixing nuts.

Also since the system is drained, changing the thermostat (if it's been a while) is good
insurance. Inspect the hoses as well for soft spots, cracked rubber on the ends, etc... If
you're going to reuse the coolant strain it through a piece of fabric before you put it back
(remove the bigger particles.) Bleed air out by loosening the thermostat housing. Give
yourself a solid afternoon, this is an easy job if you're not rushed.

Pump Removal Notes:

[Inquiry] | removed the timing cover and the six visible nuts/bolts, and tried to pull the thing off.
The pump is kept in place by two studs (nuts removed), one to the top left and one to the lower
right next to the timing belt cover. But it won't come off. [Tip from LK Tucker]You did not list the
bolt on the rear that holds that metal heater tube on. Did you remove it? Is there silicone at the
pump to block gasket site, all around the pump body? Once you have that rear bolt off count the
holes for missed bolts, double check the rear tube, and pry it off.

| suggest you remove the radiator. The water is already out and the room you get is excellent.
Plus there is no chance you will accidentally hole the radiator while working on the pump. [Jon
Scheetz] After removing all the bolts and nuts attaching the water pump, including the bolt/nut to
the heater pipe heading aft along the block, | discovered | could not remove the water pump. It
came loose from the block but was prevented from coming free due to an overlap of the lower
section of plastic timing belt cover. To remove the cover, one must remove the crank pulley. My
solution was to simply saw the offending corner off of the plastic cover with a hand-held
hacksaw blade. The upper timing belt cover still covers the area of removed material so no belt
protection is lost.

Pump Studs:

[Randy Starkie] If you strip a stud, use the studs from your old pump. Take one of the nuts and
put it on one of the studs. Put another nut on top of that one so that there are threads through
each nut. Hold the top nut with one wrench while tightening the other one against ("jamming"
them together). Remove the top wrench and then loosen the stud with the wrench on the bottom
nut. Simply take that stud and nut combo to the new pump and screw it in and snug it up with
the a wrench on the top nut. Use the two wrenches to unjam the nuts and repeat for all the
studs. [Colin Shepherd] If you do break a stud and do not have a replacement, you can replace
them with M6x1.0 threaded bolts. Just make sure they are of the right length to prevent the
threaded part going too far through the flange and hitting the pump body.

Installation Notes: Use of Sealer?:

[Inquiry:] On a typical water pump installation, is some kind of sealant, like RTV, needed, or, just
the paper gasket? If, RTV is used, where does it go? On the gasket-to-pump, or gasket-to-
head? [Response 1: Chip Hewette | Only use the paper gasket! Carefully align the paper
gasket using the two studs on the engine block, then apply the pump. Tighten nuts and bolts
carefully, snugging them down in a crossing pattern. The pump is aluminum, and you risk a seal
failure if you tighten one bolt fully before all the others are nearly tight. [Response 2: Dick
Riess] Use the paper gasket only AND clean mating surfaces, including the bottom of head
mating surface. [Response 3: Don Foster] You ask different people, you get different opinions. |
like to use a touch of (red) RTV on the top O-ring and on the heater pipe O-ring. In the past I've
used Permatex aircraft gasket cement on the paper gasket -- it works, and I've never had a



failure. BUT it's a b*tch to remove next time around. So | install the gasket dry. Dick's caution
about clean mating surfaces is critical, and Chip is absolutely right about tightening carefully and
using a cross pattern. Don't forget to pry the pump up toward the head before tightening -- this
compresses the top O-ring. Also, a touch of anti-seize on the bolt threads might make removal
easier next time (but don't over-tighten). [Response 4: Randy] Make sure the surface of the
block is scraped clean before installing a new gasket (razor blade) and don't ever consider
reusing the rubber pieces. | use a light smear of silicone on the heater pipe before putting the o-
ring on there and then another light coating on that o-ring before pressing the pump on (the
silicone acts as a lube and helps prevent hanging up, tearing, or twisting; but don't use so much
as to have it squeeze out inside) | put a coating of silicone in the groove that the large rubber
piece fits in before installing it. | put a coating of silicone on the top of the rubber piece before
hanging the waterpump on the two studs. After installing it, | try to wait overnight before adding
the coolant to give the silicone a chance to set up. [Tip: John O] | wouldn't advise using any
sealer like RTV, but spray a little silicone spray on the seals so the pump goes on easily, taking
care of the small one on the water tube because it's easy to not notice it slipping out when
moving the pump against it. [Evan] If you feel you need a sealer, use Hylomar HPF (from
Permatex, et al) since it stays elastic forever and seals small indentations better.

Installation Notes: Tightening the Nuts:

[Tip from LK Tucker] The pump is installed by putting the studs through the two oval holes or
one left hand bolt hole and one right hand oval hole and stud. Then lever the pump up to match
the other holes and compress the heavy o-ring to the head. Since the nut is already on the stud
there is no holding the pump in place while fishing to thread a bolt, just tighten the nut on the
stud to 11-15 ft-Ibs. [Tip from Randy] | start the remaining bolts before running the nuts on the
studs down with my fingers. Using a hammer handle | apply upward pressure on the bottom of
the waterpump to compress the large rubber ring. While maintaining that pressure | snug up the
two nuts enough to hold the pump in that position, then | tighten the remaining bolts including
the nut/bolt combination that holds the heater pipe in place. [Tip] When you tighten the belts, be
careful about belt tension. | replaced a half dozen pumps on my cars until | started leaving the
belt looser. Now, they last a long time. Watch the final tightening on the alternator bolt as it will
almost certainly end up taking slack out of the adjustment as you give it your final snugging.

Water Pump Gaskets Won't Seal.

Corrosion. [Editor/Art Benstein] Clean up any corrosion at the heater pipe, the block, and the
head prior to installation of the new seals, gasket, and pump. Pay close attention to the pitting
that sometimes occurs at the head. Use a mirror and make it real clean and smooth.

Use of RTV vs.Gasket Sealer. The Haynes manual advises to apply RTV sealant to the gasket.
| understand RTV is to be used instead of a gasket. Is it absolutely necessary to use some kind
of sealant with the gasket? [Response 1:] RTV may be used in lieu of the gasket but there's no
real reason to substitute for a real gasket (I find RTV is more prone to leakage). The trick in
putting in a new water pump is to adhere the gasket to the PUMP side only and leave the
gasket-block interface free of Permatex (or whatever gasket sealant you're using). The gasket
itself provides a great seal without adhesive but adhering it to the pump first assures that it won't
slip when you're installing it. [Response 2:] I've replace 4 water pumps in over 15 years of Volvo



ownership and never used Permetex or RTV on a pump gasket. | have used the gasket alone
and nary a leak in the lifetime of the pumps. | insert two bolts to hold the gasket to the pump
before mounting. after hand tightening all the bolts lever the pump upwards to allow the head to
seal correctly with the rubber donut on top of the pump and torque appropriately. [Response:
Dave the Volvo Tech] | use a dab (as in a little dab'l do ya) of wheel bearing grease to lube the
hole for the tube/o-ring on the back and smear a little grease on the top seal. If you use a small
phillips screwdriver in the bottom hole to pry up and start the bolt in the top hole, start the bolt in
the left side, and then start the bottom bolt then tighten all of them before installing the two nuts,
you shouldn't have any leaks. I've done a ton of pumps and only had leakers when | damaged
the seals/gaskets. Silicone RTV is WAY overrated- as a professional wrench, | can open a tube
and it goes bad before | use half of it. Make sure the sealing area of the head where the top seal
goes is nice and clean. BTW, | can do a pump on a hot engine in 20 minutes. [Evan] If you feel
you need a sealer, use Hylomar HPF (from Permatex, et al) since it stays elastic forever and
seals small indentations better.

Re-sealing the Gasket After Installation. [Inquiry] Top of water pump connection gasket seeps
anti freeze when overflow tank is filled. Is it possible to loosen and re snug waterpump and 90
degree connector to block cast piece back together or loosen the connection and put permatex
on surfaces instead of completely removing pump? [Response] What you propose is not a
good idea. You will always have a little drip out of there that will contaminate the RTV
(Permatex) It will leak and make your belts squeal. IPS (http://www.importpartsspec.com) just

sold me a complete re-seal kit for that application for like $2.50.

Water Pump Line Replacement. Any secrets for hooking the hard water line to the pump? I'm
talking about the one that attaches to the block near the coolant draincock, and then runs
around behind the block. When | install a water pump, | "lubricate” the seal on that pipe and the
opening in the pump with a very thin coating of red RTV. In the 8-10 water pumps I've installed,
I've never had a problem, leak, or failure. I'm sure others out there would object to this practice
-- but it has worked well for me since my first Volvo, a 1972 142E -- and I'm on my 15th, or so,
Volvo. When | say "lubricate” | do NOT really mean lubricate. That is, DO NOT use oil or
grease. Let me repeat: DO NOT use oil or grease. The RTV adds a little extra sealing property
to the O-ring, and while it's still gooey, it's slippery. | find it helps the O-ring fit and seat properly
into the pump. Of course, both the female opening in the pump and the end of the pipe must be
clean and dirt-free, and the O-ring must be new. By the way, that pipe carries the hot antifreeze
to your heater. Because it bypasses the thermostat, you get heat in the car while the radiator's
still cold.

[Editor] Check this line for corrosion at the welded bracket near the manifold. See the Loss of
Coolant section below.

Radiators and Components:
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Emergency Radiator Repair. [Tip from bl] Here is a temporary radiator fix for you bricksters
who manage to break off one of the hose flanges on the crummy, OEM plastic radiators. It's not
a matter of if this will happen, only when. Dad broke the upper hose flange off on his 90, 740
last week. Having sold plumbing parts for years, he came up with this fix that works like a charm
and will get you back on the road in a few minutes. You need a short piece of 7/8" dishwasher
drain hose and a 3/4" copper sweat coupling. Break off the remaining fragments of the hose
flange. Take a 3-4" long piece of the dishwasher hose and force it in the hole in the radiator. It's
a TIGHT fit but it will go. A little spit helps. When it's inside the rad about an inch, shove the
copper coupling inside the drain hose. This just stiffens and expands the hose slightly. Reinstall
your rad hose ( it'll be a perfect fit), replace your lost antifreeze and hit the road. Needless to
say, this is for emergencies only; you will need a new radiator very quickly.

Radiator Sensor Seal. [Inquiry] The temperature sensor on radiator popped out because the
rubber seal loosened. | lost all my coolant. How do | reinstall it? [Response] The seals are
supposed to be installed once and replaced when they fail or are removed. OEM seals are
imprinted "one use only". Do not use sealer or adhesive while installing, but you need to lube it
with a waterbased lubricant such as soap or rubber lube to install. To install, first seat the rubber
gasket in the hole, them push in the sensor. It expands the gasket to a tight fit. Buy two seals
and carry a spare. Since the seal might have popped out due to overpressure, now is the time to
inspect the cooling system for any plugged hoses, failed thermostat, etc.

Radiator Replacement
B230 Engines.

Brass/Solder Replacement Units. You can buy brass/solder construction radiators from IPD,
FCPGroton, RPR,or Internet suppliers, as well as local retailers. Nissens is one well-known

brand, as is Modine. The units from Nissens seem to be quite robust and are perfect
replacement fits. Average cost is around $150 for a two-row or slightly more for the heavier
three-row. One caveat, however: Volvo coolant and Dexcool tend to eat the solder in these
radiators. I'm now on my second one for that reason. This time, I'll be using Prestone.[Note: See
Coolant Recommendations below.] [Comment:] The quality of aftermarket radiators varies
considerably. The brand I use in my shop is "Nissens". One of the nice features of this radiator
is the screw cap that holds the sensor in place. Nissen All-Metal Radiator Composition. [Tip
from A. Sorenson at Nissens.dk] Our solder composition is 33% tin and 77% lead [Editor:
thereby qualifying as "low-lead" but still soldered.]

Aluminum/Plastic Replacement Units. The OEM radiator is an AL-reinforced plastic composite
and is very light as well as being made of aluminum, which tends not to corrode in the correct
coolant. For an exact replacment, buy one at Borton Volvo. For a similar replacement made by

Nissen, buy it from IPD or FCPG. This radiator has a lifetime of about eight years due to side
tank embrittlement from heat.
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Temperature Sensor Plug. Replacement radiators are generic for both Bosch and Regina-
equipped cars. Regina and some Bosch systems use a temperature sensor that fits into a hole
in the passenger side tank; it activates the electric fan. When you buy your replacement
radiator, make sure you ask for the rubber plug that fills the hole if your system does not use the
sensor. If your system uses the sensor, then ask for a new rubber seal to hold the sensor in
place. Remove the sensor by pulling it from the gasket. It uses no sealants and relies on a
friction fit. To install, first seat the gasket in the hole, them push in the sensor. It expands the
gasket to a tight fit. Liquid soap helps. Do not reuse the seal: install a new one if you remove it.

Procedure: To remove the radiator:

. remove top support brackets and trim pieces

. remove electric fan and shroud if so equipped

. remove bottom airflow dam beneath the car which is screwed into the bottom of the
radiator

. remove automatic transmission coolant lines; not much oil will drain out, so use a cloth
under them to catch that which does

. disconnect and remove temperature sensor if installed

. disconnect lower and upper coolant hoses and reservoir hose

. disconnect air hose to reservoir from top left of radiator

. lift radiator out

. remove rubber supports on bottom and transfer to new radiator

. reverse the process for installation

. if your radiator has a coolant temperature sensor, use soapy water to install the rubber
seal with the sensor in the middle. Don't throw the box out before making sure you have
this seal.

. don't overtorque the hose clamps on plastic radiator connections or the coolant line nuts

. use a backup wrench when tightening coolant line nuts

. Now is a great time to replace hoses and thermostat

. loosen the thermostat housing nuts to relieve trapped air when refilling

. [Mike Brown/Walt Posluszny] if the transmission cooler lines won't thread, take off the clip
that holds the two lines together back near the engine so that you have a little more
flexibility in lining up the fittings. Then put a little ATFon the threads to lubricate them and
move the trans line around with one hand to orient it 90 degrees to the fitting while
screwing in the fitting with your other hand. It takes some patience.

B6304 Engines. [Rafael Riverol] Don't look for an "all-metal” replacement radiator. You do not
want an all metal radiator in your 960/90 series car. You want a Volvo (Blackstone OEM) or
perhaps Nissens aluminum and plastic radiator to avoid bimetallic corrosion of the engine
through any voltage in the coolant, such as from bad grounds. You also want to put in new
Volvo coolant mixed 50/50 with distilled water.



Coolant Reservoir Replacement . [Tip from
Paul Seminara] | have found the source of
disappearing coolant from a 1992 940T. The
lower outlet on the coolant expansion tank is
cracked. These rectangular tanks have a steel
insert, presumably to prevent damage due to Typical Expansion Tank Failure
overtightening. Corrosion of this inset has lead
to swelling and cracking of the plastic. |
suggest that if you find a trace of leaking
coolant at this point, you remove the hose and
inspect this and not just tighten the hose
clamp. [Brian Sullivan] My nine-year-old 945T
developed a very small crack in the top of the reservoir... it bubbled a bit when the engine was
hot. When | pulled the outlet hose off the bottom of the old tank, the bottom 1/4" or so of the
plastic crumbled and fell in the hose. Also, one of the interior plastic walls had broken, and a
chunk was floating in the tank. [Editor] These tanks will embrittle over time and should be
changed as a "wear" item. Every eight years, at the same time as the radiator, is appropriate.

Engine Freeze Plugs: We in the great white north (Canada) refer to these casting plugs as
“frost plugs"; they are intended to pop in the event that the engine is filled with water rather than
anti-freeze and the temperature drops below freezing-they are sacrificial in order to save the
block from cracking. The one below plug two is actually removable in order to insert a block
heater, in fact these plugs and block heaters both corrode with equal regularity (about once
every 150,000-250,000 kms) and fall out causing loss of coolant and if not detected,
overheating... a quick and inexpensive repair in either case unless, of course, not detected in
time. Keep watching those temp gauges.

Loss of Coolant and Overheating:

Coolant Loss: How to Diagnose? [Inquiry:] My Brick is losing coolant; is it the head gasket?
How do | tell? [Response: Don Foster] Pulling the head is not a casual or inexpensive job and
should not be done until you have eliminated all other leak candidates. First, look long and hard
for the leak:

. Look for the obvious leaks first. These include:

o Radiator and radiator hoses
Heater hoses
Heater water valve
Water pump and gaskets/o-ring: when the seal starts to leak, often antifreeze can
"sneak" unseen down to the splash pan -- and if it's a slowish leak, you might not
see a puddle 'til the leak gets worse. The antifreeze will escape only when you're
driving.
o Overflow reservoir (especially the pipe at the bottom which corrodes and leaks)
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o Thermostat housing which can corrode
o Turbos: Coolant hoses to the oil cooler; coolant hoses to the turbo
. Less common leaks:

o Head Gasket. If it were my car and | was worried about disappearing antifreeze, I'd
carefully crack the oil drain plug, let the first few tablespoons drip into a bowl, and
examine it carefully for antifreeze. It'll sink to the bottom, so should be the first out.
Do this with a stone-cold engine (not run for several days). If the antifreeze has
mixed with the oil in a running engine, it'll form a "dispersion” and the oil will take
on a grayish, cloudy characteristic. Next, I'd pull each sparkplug and look for
evidence of coolant in the cylinders. BTW, an engine leaking coolant into a
combustion chamber will have an unusual amount of white exhaust smoke,
particluarly on a cold day (steam). More typical, however, is that the combustion
gasses are forced into the cooling system -- and can be detected with a simple
instrument. Every garage should have one. | do. See Head Gasket Failure.

o Heater Core. Another "invisible" (but problematic) leak might be the heater core. Or
even the heater control valve. If you find something around the heater (and fix it)
don't forget to get the coolant out from under the carpets -- they really should be
pulled. Otherwise you'll be facing rusted floors in a year, or so.

o Transmission Oil Cooler. If you have oil in your coolant or coolant in your
transmission fluid, the transmission cooler on the right side of the radiator is leaking
and must be replaced ASAP.

Cooling System Pressure Test. [Editor] The best way to diagnose cooling system problems is to
pressurize the cooling system and look for either visible leaks or pressure drops. You can take
the car to a shop with the pressurizing device or make your own. Pressurize the system to 9-12
psi (65-85 kPa) for 1984-86 cars or 22 psi (150 kPa) for 1987+ cars with B2XX engines. The
pressure should not noticeably drop within three minutes, else you have a leak. If the leak is
internal, you won't necessarily see it. See below for a homemade tester. This way you can
accelerate any leak for you inspection without running the engine. [Editor's note: see
Headgasket Failure for further notes on a cooling system pressure test: highly recommended

that you have the correct equipment for this.]

Sudden Loss of Coolant and Engine Overheating Incidents. [Steve Ringlee] We recently
surveyed the Brickboard and Swedishbricks lists for incidents of sudden loss of coolant and
engine overheating. Here are the results:

Engine-Side

. Plastic-bodied engine-side heater water valve cracked; coolant was Heater Water
pumped out. In most of the incidents, drivers did not notice the loss Control Valve
because the coolant was pumped or blown under the car. In most behind enginein
cases, the first evidence was engine noise, slowing of the car, or front of firewall
other signs of serious engine damage. [Steve Seekins:] These valves crack longitudinally
along the plastic center pipe. Note that heater-only equipped cars have a plastic valve
inside the car on the left side of the center console. For replacement instructions see the




link.

. Heater hose fractured due to aging and internal crack; catastrophic loss of coolant

. Heater hose chaffed against block, rubbing through and failing; catastrophic loss of
coolant

. Heater hose was not secured by plastic clip and contacted EGR exhaust tube, melting it
and causing a sudden leak

. Water pump-to-heater tube corroded at welded support bracket and failed

. Radiator plastic side tank fractured; catastrophic loss of coolant

. Radiator hose split due to aging and internal crack. Upper: loss of coolant; lower:
catastrophic loss of coolant

. Top radiator hose clamp was over-tightened, cracking plastic neck outlet. Some coolant
was pumped out and the engine temp gauge showed overheating but no damage
occurred.

. Hose clamp failed; lower radiator hose parted from radiator outlet neck. All the coolant
suddenly drained out of the radiator, leaving only the coolant in the block. Engine
required a new headgasket.

. Turbo oil cooler coolant hose became oil-soaked and failed. Check these when you
change your oil filter: they are below and behind the oil filter assembly.

. Coolant reservoir hose became oil-soaked at the clamp and split. All coolant was
pumped out and the engine overheated.

. Coolant reservoir bottom nipple broke off, the tank fractured, or the cap leaked, causing
loss of coolant.

. Water pump seized due to a bearing failure around the pump shaft, shucking one of the
two drive belts. The remaining belt was sufficient to start the pump turning again, but this
resulted in the cast iron pump impeller coming into contact with the back of the pump
casing, smashing it and causing loss of coolant.

. Electric frost plug engine heater leaked due to corrosion of the anchoring device; slow
leak.

. Nobody mentioned a failed water pump shaft seal as a cause of catastrophic loss-of-
coolant, merely resulting in slow leaks.

In almost every case, the lack of an "idiot light" caused drivers not to notice the loss until too
late. When the driver finally looked at the temperature gauge, it was invariably far into the red
zone, indicating serious overheating. In almost every case, drivers attempted to drive to a
convenient destination such as home, a gas station, or a freeway exit. This extended drive
usually led to further engine damage. The least damage noted (except in the last instance) was
head gasket; in many instances the engine required replacement.

Lessons learned:

1. Assume that your cooling system components have a limited lifespan. Replace them
according to an intelligent schedule. | replace hoses and water valve every eight years
and the radiator at year ten. | replace the water pump either at a convenient maintenance
interval or when it starts leaking at the seal. For turbo cars, assume that the higher
underhood temperatures will reduce component lifetimes, so that your radiator and water
valve will last only eight years. Brickboard consensus is that the strong points in the
cooling system are the OEM hoses; the weakest point is definitely the heater water valve;



and the plastic radiator side tanks are in between.

2. Give serious thought to installing a loss-of-coolant sensor and an indicator light wired into
your instrument cluster. "I didn't notice until it was too late" was a universal experience.

3. If you notice smoke, fluid or other evidence of engine distress, STOP and see what the
matter is before trying to go any further. Shut the engine off if you have a loss-of-coolant
or oil. All it takes is about one minute of operation with no coolant to fry your head gasket.
"l tried to get to a service station" are the last rites for many engines.

4. [Rob Bareiss] You should ALWAYS replace the heater control valve (water valve) on any
7/9 series car that has already had an overheating event. A failed water valve is probably
the #1 cause of a secondary cooling system failure within 2 weeks after the first has been
fixed (i.e. radiator, hose, water pump, etc).

Loss of Coolant Sensor for Volvo 740/940 Cars: [from Steve Ringlee]

These plans allow you to
fabricate and install a low-
coolant sensor in your car so
that you can detect either
slow or sudden coolant leaks EXIStIng Loss of Coolant Indicator Lamp
and take appropriate action
before your engine
overheats. Volvo 960 and
some 760 cars have these
sensors already

installed. Volvo 740 and 940 have the indicator position in the instrument panel, but no lamp or
sensor (see the photo to the right). Note: Dick Riess contributed a plan for an easier-to-install

warning light using a dash switch cutout instead of the panel. See the section at the end below.

Overall Plan.
a) Volvo 740 with Circular Oval Tank.

Using a Nohken normally open float level sensor switch, drill a hole in the bottom of the coolant
tank and install the sensor. One lead is wired to the front grounding plane near the passenger-
side headlight, the other back around the engine compartment, through the firewall, to the
unused instrument panel lamp denoted "EGR Overheating (Japan Only)." When coolant is low,
the switch closes, allowing 12V from the panel to travel through the switch to ground,
illuminating the warning lamp. By the way, this is a great time to replace your coolant reservoir
tank, which is at least eight years old and does not last forever.

b) Volvo 940 with Rectangular Tank

Volvo may have included a level float in this tank, but not the sensor. Buy a "Level Guard"
sensor Volvo p/n 3547710 and wire as noted below. Remove the tank and shake it; if you hear



the level float rattling, then it has a float. Check the bottom of the tank for the molded-in words
"without float sensor": if you see. these, you need a replacement tank with the float. If you don't
have the float, buy a new reservoir p/n 9122997 (around $30). Make sure you read all assembly
instructions below first, especially to confirm you have the float inside the tank. There is a "Low
Coolant" lamp position already in the row of panel warning lamps.

Bill of Materials:
740 Variant: Float Level Sensor Switch: Nohken LS-11P-0A, miniature 10VA switch

(normally open) with polypropylene float, temperature rating above 100 C, and stem and
flat flange face. This is known in the trade as a "liquid level switch".

There are two sources: (1) Scientific Technologies Inc. at 6550 Dumbarton STl
Circle, Fremont, CA 94555-3611, 510-608-3400. Order STI part number Level
22152: cost is approximately $15 plus a fairly hefty shipping charge. Web site [ S€1S0r
Is http://www.sti.com (2) Less expensive is the version from McMaster-Carr

(part number 50195K74 for $19.55- get the "NO" Normally Open switch)

940 Variant: Volvo "Level Guard" p/n 3547710) approx $15 from Borton's Volvo, http://
www.borton.com , FCPGroton, or from a junkyard off a wrecked 960 car. This device

resembles a thin tube about three inches long. If you get it from a 960, take the electrical
connector as well (the same connector as is on the brake and washer reservoir fluid
sensors).

b) Volvo 12v 1.2w lamp for instrument panel: Volvo uses two instrument panels (Yazaki and
VDO) and several kinds of bulbs and bulb holders for their panels. One is a replaceable bulb
with wire leads, inserted into a holder that has a plastic locking ring. The other is a bulb
soldered into a holder with metal locking tabs. You will probably have to pull your panel to
determine which make and lamp type your car has. Dealer prices are quite high (~$3-4 per bulb
and $5-6 per holder). Examine the bulbs carefully: in some cases, you can find them at Walmart
(e.g., Yazaki 158 bulbs or Osram 2721).

. 740 with Yazaki panel: Volvo p/n 2721 1.2w replaceable bulb with leads

« 940 with VDO panel: Volvo p/n 966326-1 1.2w bulb fixed into holder

« 940 with Yazaki panel: Volvo p/n 942327-8 1.2w bulb; Volvo p/n 9128743-3 Lamp socket.
You have spares of this socket on your panel in unused slots.

c) Instrument panel female metal electrical connector inserted into "C" harness connector:
. 740 and 940 before 1994: ell-shaped "C" connector uses Volvo p/n 949542 (likewise "L"
shaped)
. 940 1994+: flat "C" connector uses flat Volvo p/n 9148152

You can find these easily at boneyards: pull the panel, cut off the entire "C"
harness connector, and re-use the metal connectors inside.
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d) Electrical Supplies, all from Radio Shack (one each unless noted):

Insulated Wire: 20 gauge stranded approx 25 feet p/n 278-1225
. Snap Connector 22-18 g, p/n 64-3085
« Quick Disconnect Connector, Female, .25 inch, p/n 64-4040
. Crimp Butt Connector, 22-18 gauge (quantity=2) p/n 64-3037
Shrink tubing for insulating connections p/n 278-1611
Option: Piezo buzzer p/n 273-059 (gives audible warning, but realize it will go off with
merely cold, low coolant)
. Soldering iron with electronic solder

e) Mechanical Supplies:

. Wire ties for securing wire to existing harnesses
"OxGard" conductive electrical grease (from hardware store)
. Silicone dielectric insulating grease (from auto parts store)
. Volvo 940 applications: None other required
. Volvo 740 applications: (from hardware store)
Neoprene O-Ring O.D. 1/2 inch, I.D. 3/8 inch
Neoprene Flat Washer O.D. 7/8 inch, 1.D. 3/8 inch

f) Volvo wiring diagram to understand your panel connectors. Here is where Chilton's will finally
choke you, and you will be motivated to buy the OEM wiring diagram which is absolutely the
best on the market. Approx. $30 from Volvo NA at Volvo Technical Publications.

Assembly Instructions:

1. Volvo 940:

a) Drain coolant recovery tank and remove from car. Shake the tank to make sure that Volvo
installed the magnetic float that activates the Level Guard inside the tank. (It rattles. If you can't
hear the rattle, install the Level Guard and test it with a multimeter for resistance change as the
tank is filled with water.) If your tank has the float, install the "Level Guard" sensor into the snap
hole on the bottom of the tank. Insert the wire leads into the tank's wiring connector holder on
the bottom. Continue below at step "e)".

If you don't have a magnetic float inside, you can either proceed as though you own a 740, or
buy a new tank (p/n 9122997) with a float inside from Borton's for about $30. My experience is
that the tanks that were installed at the factory in 940s did NOT have the magnetic floats.
Volvo 740:

a) Drain coolant recovery tank and remove from car.

b) Drill a 20mm hole on the flat surface of the underside, approximately one inch toward the
center from the threaded cap. [Tip by John Sargent] After drilling the hole in the bottom of the
coolant reservoir, | used a beveling tool to create a 45 degree shoulder at the start of the hole.
The beveling tool has a 90 degree included angle. The purpose of this beveled shoulder is to
create a slight recess for the o-ring to seat in. | turned the tool in reverse in my drill. The tool is
guite sharp, and is much too hungry to use on plastic in forward rotation.
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c) Remove the float and install it so that the switch operates in the "N.O." ("Normally open")
position. Test the switch operation with the ohmmeter range on a multimeter: when the float is
at the bottom of the switch (corresponding to loss-of-coolant) the switch should close and
complete the circuit, reducing resistance from infinite to zero.

d) Remove the fixing nut on the bottom of the coolant sensor switch. Install the flat neoprene
washer on the switch. Feed the switch wires through the coolant fill hole, then into the hole you
drilled on the bottom of the tank. Pull the switch snug. Install the neoprene o-ring, then the
fixing nut. Snug up the nut until the switch is firmly held without possibility of leakage. If your
hole was oversize, use silicone RTV to seal the gap between the hole and your o-ring.

e) Cut a piece of wire sufficient to reach the grounding panel just behind the headlight. Using a
short piece of shrink tubing and a .25 inch female blade quick connector, crimp the connector
onto a stripped end of the wire and add some solder to ensure a long-lasting connection. Shrink
the shrink-fit tubing onto it at the crimp to serve as corrosion proofing. Clean off the grounding
plane connector, install the blade connector and the wire onto the ground, insulate it with some
"Oxgard" conductive grease, then feed the wire up the lamp harness back to the coolant tank.
(Maintenance note: this is a good opportunity to clean all your grounds and coat with OxGard to
prevent future electrical problems. Don't use OxGard on any other connectors in the car aside
from grounds.)

f) Volvo 740: Install a snap connector to one wire of the float switch and the ground wire. Again,
solder it. Insulate any exposed wire on the connector with shrink tubing. This connector allows
you to disconnect the level sensor easily.

Volvo 940: Using a razor knife and some pliers, cut down the diameter of two female snap
connectors and squeeze them so as to fit very tightly on the Level Guard lead connectors.
Install one of these snap connectors onto the stripped lead of the ground wire by firmly crimping
it. Place silicone dielectric grease on the connection for corrosion protection and connect the
ground wire connector to one of the Level Guard leads. If you are ambitious, buy the un-
insulated version of the snap connectors, solder them onto the wire, and insulate with shrink
tubing. [Alternative: if you visit a junkyard, cut the coolant sensor or brake/washer fluid sensors
connector off a 760, 960 or 90 series car and use this instead.]

g) Cut a long length of wire sufficient in length to travel from the coolant tank, up the wiring
harness at the top of the firewall, thence through the firewall rubber wiring conduit behind the
driver-side strut tower, thence into the cabin with an excess of length to reach well beyond the
panel.

h) Volvo 740: Strip, crimp, and solder one end of this wire (using a crimp connector) to the other
sensor switch wire. Insulate where exposed with shrink tubing and apply silicone dielectric
grease to the ends of the connector to prevent corrosion.

Volvo 940: Install the other female snap connector onto the stripped lead of the panel wire by
firmly crimping it onto the stripped end. Place silicone dielectric grease on the connection for
corrosion protection and connect the ground wire connector to the other Level Guard lead.
Again, if you are ambitious, buy the un-insulated version of the snap connector, solder it onto
the wire, and insulate with shrink tubing.

i) Snake the other end of the wire up to the firewall harness and to the lower firewall rubber
wiring conduit just behind the driver strut tower. Use wire ties where appropriate.

J) Cut off one of the smaller rubber wiring conduits in the lower firewall connector just behind the
strut tower. Feed the wire through the conduit into the cabin.

k) Remove the battery negative connector to disable the electrical system. Remove the driver
side kickpanel (two plastic body mounts at the top, pull out.) Move both the turn signal and



wiper handles down, out of the way. Remove the instrument panel (740: remove plastic fascia

plates covering the clock and rheostat knobs, then the two screws holding the panel in place.)
(760: See Link.) (940: unclip using the two side slits midway up the sides of the bezel. See

link.) Pull the panel straight out and rest it on the steering column.

[) Working from underneath, snake the coolant sensor wire from the back of the firewall wiring
conduit up through the panel opening. Keep it away from the hood release mechanism, any
sharp metal edges, and the ignition module, using wire ties as needed.

m) Pull the large 12-position "C" plastic wiring connector out
from the rear top center of the panel. This connector is white
and roughly "ell" shaped when looked at from the side (but is
flat for later 940s.)

n) Confirm with your wiring diagram which connector you will
use for the warning lamp. In the 1986 740, this is position
number 7, numbered on the connector itself, which is not
used for any other purpose. In the 1990 740, this is position
12 on the connector, which connects to the unused "Exhaust Gas Temperature" lamp for
Japanese applications. In the 1992-1995 940, this is position 5 or 9 on the connector which
connects to the unused "High Engine Temperature" lamp. Check your wiring diagram. If this
does not indicate the correct position, shine a small flashlight through each hole until you find it,
then trace the circuit up the back of the instrument cluster to the connector and mark it lightly.

0) Cut the coolant sensor wire, leaving enough to reach well beyond the door opening to wire
into the back of the panel. [Tip from John Sargent:] | deleted a fuse from the wiring. The fuse is
not needed as the miniature lamp limits the current to the wire in the event of a short circuit. All
you will get with a short circuit is an illuminated lamp. After all, the Nokia float switch simply
connects the instrument lamp to ground, which is all a shorted wire does.

p) If you want to add a piezo audible buzzer, place it in-line between the fuse and the firewall,
again using crimp connectors, solder and shrink tubing. Be very careful about soldering near
the interior of the car: use a metal guard or shield to keep hot solder off plastic, fabric or leather
components.

q) Install the special ell-shaped or flat Volvo metal wire connector p/n as in the parts list above
(p/n 949542 or 9148152) to the end of the fuse wire. While this is crimped in place, you should
also add a small amount of solder to secure it.

r) Record the colors and positions of the wires at the "C" connector. Snap open the back of the
connector and insert the coolant connector at the correct position. Snap it shut, making sure all
the wires go back appropriately.

s) Install the Volvo instrument panel lamp at the appropriate lamp position, again per your wiring
diagram. On the 1990 740, the lamp is installed at the second in from the driver's side of the
panel, in the unused position. In the 1995 Volvo 940, the lamp is installed at position 7 from the
passenger side of the panel. If you are confused, use a flashlight and shine it through the
empty lamp receptacle to confirm the position from the front. Just make sure from your wiring
diagram that you correlate the lamp position with the wiring position in the "C" connector.

t) Re-install the "C" connector. Coil extra wire and install a tie to keep it out of the way, and tape
it to a convenient support to eliminate rattling. Re-install the panel.

u) Seal the wire passage through the firewall conduit with silicone caulk.

V) Test the installation.

Volvo 740: open the coolant tank and place a pencil on the float so as to depress it to the
bottom. Start the car. The lamp should go on. Demonstrate several times to wife and kids

| nstrument Panel Connector




what this lamp looks like and what they need to do if it goes on (stop the engine ASAP and
investigate.)

Volvo 940: Using a turkey baster or a siphon, empty the coolant reservoir. Start the car. The
lamp should go on. See note above.

Regular Maintenance. Because of the peculiarities of the wiring within the instrument panel,
your bulb may not illuminate when you turn the ignition to KPII before starting. Hence,
periodically test the installation to make sure that the bulb, the sensor, and the circuit operate
correctly by performing test v) above.

[Simpler Design from Dick Riess] | varied the alert light design in the car. Being lazy and not
having all the parts | led the wire from the sensor through the wiring area on the passenger side
and brought it over to one of the switch knock outs. This is where the electric sunroof switch and
rear defrost switches are. | had a vacant knock out which | removed. Drilled a hole in the middle
and installed a small 12v panel light from Radio Shack. The wire from the level sensor was
soldered to one pigtail. Another wire was soldered to the remaining pigtail and then brought to
the switched cigar hot wire. This wire was piggybacked to the wire. Be sure to test before
buttoning everything up as polarity on the lights | used is important, i.e., red goes to +, otherwise
these lights don't work. The sensor works beautifully. When the engine is cold and levels are
low the light will flicker when cornering. A good reminder to check.

Loss of Coolant and Possible Head Gasket Leaks. See Headgasket Failure

Troubleshooting:

Oil in Coolant Bottle on 745 with B230F. [Inquiry:] | own a 1991 740 wagon, 125,000 kms,
B230F engine, auto, not driven particularly hard. The problem is this: On Sunday | discovered
oil in the radiator expansion bottle. But no oil in the radiator! And no sign of oil (frothy or
otherwise) on the dip stick. | have taken the car to the local service station thinking that | have a
blown head gasket. This afternoon the mechanic has shown me the dismembered bits. No
blown head gasket. He is sending the head for a compression test. So what do you think?
[Response: Steve Seekins] On this particular car, the problem is likely the oil cooler. Check at
the oil filter housing. | think that your car has a sheet metal oil cooler mounted on the oil filter
extension housing just forward of the oil filter. It should have two water lines attached. These
have a history of developing leaks - it may simply need to be replaced. You can remove it and
perform a pressure test on it. If you have the older style cooler, there will be a cast piece there
with OIL lines vice the sheet metal piece with WATER lines. The earlier cooler adapters have no
water interface so cannot leak water, but do develop oil leaks from worn O-rings. [Solution:
Owner] The problem turned out to be a leaking radiator ATF cooler. | replaced the radiator and
it solved it.



Temp Gauge Acts Oddly: Leaking Headgasket? See Temp Gauge Acts Oddly: Leaking
Headgasket?

Heater Core Leaks. See the FAQ section for details. Replacement is covered in this section.

Heater Core/Radiator Repeat Failures: Electrolysis or Head Gasket Leaks. [From Bob
Savasta, Motor Magazine, Nov 2001] If you have repeated heater core or aluminum radiator
failures, consider one possible source to be coolant breakdown and electrolysis due to
combustion gases from head gasket leaks. The Automotive Engine Rebuilders Association
(AERA) just recently put out a bulletin for its member shops alerting them to the possibility of
combustion leaks causing higher-than-normal electrical charges in the cooling system. Like the
information | provided in my May column, AERA advises its shops to first use a DMM and
measure the voltage potential of the coolant. Anything over about 100mV is cause for further
investigation, says AERA. If the integrity of all grounds is sound, fresh coolant has been added
and you've still got excess voltage, the association then recommends looking for combustion
leaks as a major contributor to the problem.

[Radiator Reporter August 1998: "Electrolysis Problems Continue to Mount", excerpted] Cooling

system electrolysis is becoming a frequent problem. Electrolysis occurs when electrical current
routes itself through the engine's coolant in search of electrical ground. Current can be
introduced into the cooling system in many ways, but the two most common causes are a poor
ground to the radiator's electric cooling fan, or a poor ground from the starter motor and engine
block to the battery. Any vehicle with accessories bolted to the radiator support or to a nearby
component is also a good candidate for electrolysis. Electrolysis is a fast-acting menace that
attacks not only radiators and heaters, but can destroy an entire engine in a mere 20,000 miles.
Though a small amount of measurable voltage can be detected in most engine cooling systems,
due to reactions between the coolant and cooling system metals, the detected voltage should
never exceed a tenth of a volt in vehicles equipped with aluminum engine blocks and/or cylinder
heads...A poorly grounded engine and starter motor can zap enough current through the
cooling system to blast apart a heater or radiator in a matter of weeks or even days, depending
on how often the vehicle is started. A partially grounded electric cooling fan, on the other hand,
may only shoot a small percentage of its supply voltage through a cooling system, and the effect
may take months to reveal itself. Evidence of electrolysis includes unexplained and/or the
recurring pinhole leaks in a radiator or heater. Pinholes may form anywhere along the tubes or
tank walls, but damage is often concentrated at tube-to-header joints, or in the tube walls near
the center of the core, where the electric cooling fan mounts come in contact with the core. To
test for electrolysis, connect the negative probe of a digital D.C. voltmeter to the battery's
negative post. Then submerge the meter's positive probe into the coolant at the filler neck. Be
sure that the positive probe does not touch any metal. Next, note the meter reading, which
should be no more than 0.10 volts. If a higher voltage is detected, methodically shut off or
disconnect one electrical component or accessory at a time while watching the voltmeter. When
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the voltage reading drops to zero, you've pinpointed the electrical component with the defective
or missing ground. Since electrolysis might occur only when a certain component is energized,
have a helper switch each vehicle component on and off while you observe the voltmeter
readings. To check components or accessories that don't have an on/off switch, use a long
jumper wire connected to the battery's negative post to provide a temporary ground to each
electrical accessory. Ground each component with the jumper wire and watch the meter. If the
jumper wire restores a missing or faulty ground, the meter will drop to zero. Be sure to check for
intermittent voltage surges generated by the starter during cranking. To do so, watch the meter
as you crank the engine. Any jump in voltage during cranking indicates a loose, faulty, or
missing engine ground. Any electrical device with a huge current draw, like a starter motor or
radiator cooling fan, will chew up a cooling system far faster than a trickle of voltage from a
poorly grounded underhood relay or other low-amperage device... One telltale sign of
electrolysis and/or electro-chemical corrosion is discoloration of the affected area. Aluminum
components usually turn black and pitted, while copper/brass components are likely to develop
a blue-green corrosion byproduct. Unfortunately, bad coolant can cause similar discoloration, so
a blackened PTR core doesn't always mean electrolysis is to blame, but it should raise the
possibility in your mind during diagnosis. [Tip] You can solve the problem for particular
components by adding redundant ground wires of 16-gauge copper mounted with hose clamps
on the component and a screw to body sheet metal.

Gauge Shows Overheating. [Symptom:] My temp gauge started going almost to the red (|
always shut the car off to avoid a boil over) and gave readings (now that I think about it) that
were generally high and also sporadic. [Diagnosis:] | pulled out my Bentley manual and it was
plain as day (consistently high sporadic gauge readings) that it was the voltage regulator. | took
out the voltage regulator for the temp gauge cleaned the four contacts and voila...no more
"overheating."

Temp Gauge Shows Intermittent Redline. My temp gauge would almost redline for a couple
of days but then be normal for a week or a month and then repeat the symptoms. This doesn't
feel like an engine that's over-heating. [Fix:] Try loosening the block gauge temperature sender
a quarter turn then tighten. Slight corrosion at the sender's threads may interrupt circuit
grounding. Worked for me anyway.

Overheats with A/C On. [Inquiry: 1991 740 B230F station wagon. Normally the car can sit for
10 20 or 30 minutes at idle and the temp gauge will stay in the normal spot.

However, when | run the A/C the car will over heat even if I'm running at 70 - 80 mph.]
[Response 1:] Before you go any further you should wash out your radiator to clear it of any
accumulation of bugs and dirt. Many Volvo radiators are replaced for this reason and it does fix
them as a new radiator is obviously clean. It could be a thermostat, bad fan clutch, head gasket
problem, etc., etc. but the radiator being obstructed is an easy thing to try. Get your garden hose
out and wash from the fan side towards the front of the car. If you see a lot of debris then it is
worth the trouble to remove fan and fan shroud and continue to wash but more thoroughly. It
helps to use Fantastic or Formula 409 as that will get more dirt off the fins of radiator and



condenser. [Response 2 for B230FT:] If this has the oil cooler that is mounted off to the side,
you need to clean it too. Remove one bolt at the top; it sits in a molded rubber fitting. Be careful
of the hoses! | found this to be totally clogged when the radiator was cleaned. You can't remove
it without disconnecting the hoses and having a mess, but you can get at the nooks and
crannies where the crud is. Don't spray at an oblique angle, because you will bend the fins.

Coolant Sensor Loose in Replacement Metal Radiator. [Symptom:] | had a metal radiator
installed in my 87 765T and have had nothing but problems trying to get the temp sensor sealed
in the tank (uses a rubber grommet). Just started leaking again today. Someone mentioned a
screw fitting to hold the sensor, but | have been unable to rind one. | believe my radiator is a
Nessen and has threads where the holes is for putting the sensor in. [Fix:] | did two things when
| replaced my oem rad with a metal one. | used a brand new grommet and | pulled a wire tie
through the rad and around and across the temp sensor between the two spade connectors (it
needs to be a pretty long one.) This will prevent the sensor from popping out, not an unheard of
scenario. [Fix 2:] | recently installed a metal radiator from RPR, | believe it is a Nessen brand,
and the temp tensor fitting has a metal screw on 'lid' (with a hole cutout in the top of it) which
screws down on the temp gauge after it is pressed into the rubber grommet and keeps it
snugged down in it's bung (couldn't help myself). Contact RPR, they may be able to help you
find a lid...

Thermostatic Fluid Clutch Fan. The performance of a thermostatic fan clutch will degrade
over time by about 200 rpm a year due to fluid failure inside. Eventually, the fan clutch reaches
the point where effective cooling is no longer possible and overheating results. Since they are
not easily repairable, you throw away the old clutch and install a new one. Symptoms of a
defective fan clutch include: oily streaks on clutch housing; play in the clutch bearing (wobbling);
freewheeling (a good fan should not turn more than one to one-and-a-half turns if spun by
hand); and binding (frozen). Simple tests for the fan clutch: the fan should roar when car is first
started cold engine. Within 5 minutes the roar should stop/die down. When radiator warms up,
the roar should start again. For the thermostatic one (post ~1980), run engine, hang blanket
over grille. If the fan starts to get loud and blow more air before the temperature gauge gets too
high, the thermostatic clutch works. To check slippage (at normal engine temperature), Volvo
suggests using a strobe light with adjustable frequency. You put a timing mark on the fan with
chalk, and figure out the fan speed for a few different engine rpms. The chart of engine vs fan
speed is in all the different repair manuals.

To Remove the Fan. The four nuts from the water pump pulley come off, and the two screws
that hold the top of the fan shroud get removed. Grab the fan and wiggle the fan ( with the clutch
still attached ) and remove the fan and shroud together. Transfer the blades and reinstall.

Tropical Heavy Duty Fan Clutch. [Dave Barton] I live in a area that easily gets over 100 degrees F in
the Summer. | wasn't completely confident in trying a new "stock" type fan clutch as I figured it still
might not handle the high Southern California summer heat so well, so | decided to try Volvo PN
1357433, the tropical (heavy duty) version of this fan clutch. It's an original Volvo item, made by

Aisin. | was pleasantly surprised by the result... it pulls noticeably more air when needed. This clutch is
only slightly higher in price than a standard type. Buy it from Dave at Barton Harness.
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Electric Cooling Fan Operation.

Electric Main Cooling Fan Basics. [Dave Stevens] For 900's the two speed electric cooling fan is
always controlled by the AC pressure sensor switches whether the ignition is on or off. When
the engine is running, the electric cooling fan (low speed and high speed) is primarily controlled
by the ECU using the block temp sensor for input. You won't find any fuses at the dash, it's only
fuse protected at the battery junction box.

For the 700-style system the ECU is not involved, it's a single speed fan directly controlled by a
coolant thermal switch (upper passenger side of rad). All it needs is the ignition switch at KPII:
when the ignition is off, the fan should not run at all. The 700-style system is fully fuse protected
at the dash (typically #7 for the fan motor and #9 for the relay control).

Electric Fan Won't Turn On. [Symptom:] Engine overheats in 940 while sitting in traffic. | have
an electric fan on the front of my radiator. | have never seen it come on - What triggers this fan
to come on? [Diagnosis:] Before you buy a new fan be sure the fan is the problem. The engine
"will" overheat standing still in traffic if the fan doesn't turn on to keep the water temp cool
enough, especially if the A/C is on. Make sure the fan has not seized first . In 740s and some
940s, there is a thermostat switch on the top of the radiator on the passenger side with two
wires attached to it. One wire should have voltage to it at all times (engine running). The other
wire goes to the fan. If the one wire is hot touch the two together or carefully short them with a
screwdriver and the fan should turn on. If the fan works then you probably need a new
thermostat switch. If the fan doesn't turn on and it has a proper ground then you probably need
a fan. Or remove the connectors,, clean and reconnect them. In later 940s, the coolant fan is
controlled by either the high and low pressure air conditioning sensors on the condensor outlet
and the ECU block temp sensor: there is no independent radiator fan sensor. If the fan fails,
check the fan relay behind the left side headlight first.

Electric Fan Will Not Shut Off.

[Dave Stevens] On the 900's the electric cooling fan is supposed to run after engine shutdown if
the engine compartment remains hot. Depending on how hot it is under the hood, this shouldn't
last for more than a minute or so (it may be intermittent). There are two pressure sensors
together on the bottom end rail of the AC condenser (passenger side, behind the bumper skirt).
They're ceramic and look a lot like an injector. One is for low speed fan operation (the greyish
one) and the other for high speed fan operation (the brownish one). Note that if the AC system
has lost its charge then the fan will not operate after engine shutdown. This shouldn't be allowed
to continue as the cooling system pressure can rise, unnecessarily stressing the radiator and
enough to vent at the reservoir cap and slowly lower the coolant level. If you can't find these
pressure sensors and the owner's manual indicates the fan relay is in the relay tray then you
have the earlier 700-style system.

For later 900's, if the fan continues to run forever after engine shutdown then that's normally
indicative of a bad (shorted) relay, but there's always a slim chance a pressure sensor switch



has failed, a relay control wire is pinched and shorting to a ground wire in the harness or to
chassis ground, or a connector is on the wrong pressure switch. The relay control wires are
Blue-Black (low speed) and White-Black (high speed) running from the relay to both the ECU
and to the AC pressure sensors. Pulling the center connector off the relay will remove the ECU
from the equation as well as the pressure sensor switches. This will diagnose a bad relay if the
fan continues to run, otherwise start isolating relay control wiring problems including bad
pressure sensor switches. Pulling the connectors off the sensor switches will diagnose a bad
sensor switch. Make sure neither connector with the above mentioned wire colors has been
accidentally connected to the violet colored AC pressure switch on the same rail.

For the 700-style system, if the cooling fan runs at all after shutdown then that's almost certainly
a bad relay. For 900's the relay (black, with three connectors going into the bottom) is under the
hood on the rad housing near the battery (driver side for turbo's, otherwise passenger side). For
early 700's the relay should be leftmost in the front row of the relay tray or later 700s on the
passenger strut tower. In all these scenarios we're only talking about a bad relay that's stuck
open or internally shorted. A bad relay could also be dead resulting in no cooling fan at all -the
dash temp needle will climb into the red zone in such a case.

Diagnosing Radiator Temperature Sensors in 700 and early 900 Models. [Response: Bob]
Check the temp sensor in the corner of the radiator(pass side) with an ohm meter. With cold
engine it should be open. Sometimes they stick closed. If it's bad, be sure to use a new seal
when replacing. [Response: Chris Mullet] If you disconnect the wires at the radiator sensor
and the fan stops, then the sensor is bad as Bob described. If it keeps running with the wires
disconnected, then it is probably the relay. That relay is one of the two mounted on the forward
side of the RH shock tower or in later 940 cars, it is a larger relay mounted behind the left side
headlight. The other identical relay on the shock tower is the Radio Suppression Relay which
feeds juice to the ignition system.

Auxiliary Electric Fan. [Inquiry] I've had my 1989 740 for a year and just yesterday at the muffler
shop, while the car was up on the lift, | peeked in the front end, and lo and behold there, in all its
glory was an electric fan in front of the A/C radiator. However it never has turned on, that |
know...How do | test it to see if it works?, where is the wiring to the sensor that turns it on?
[Response: Abe Crombie] On an 89 740 model that fan is triggered just for overheat by a switch
in tank of radiator that turns on relay on strut tower that feeds power to fan. Ifitis a 760 then
the relay can be triggered by the aforementioned switch or by a ground out of air conditioning
control unit if the outside temp is over 92 F +/- and you are below 8 MPH and the a/c
compressor is engaged. To test the fan, find the switch on right radiator end tank and pull back
the rubber sleeves covering wires and short the two terminals together with a small screwdriver.
Key must be on. If this doesn't make the fan start then go to the relay and check for power
supply on one of the two large gauge wires (one is feed and one is to fan motor, so one should
be hot). If power is found then disassemble and inspect for cracked solder in relay and repair as
needed.

Electric Fan Conversion. [Procedures and results:] installation in a 87 745 ti:



Selection: | bought a Mr. Gasket high performance electric fan, 16 inch, heavy duty plastic with
ring shroud. this was about 95 bucks. | also bought an adjustable thermostat kit for about 25
bucks. It had a name brand, | think Flex-a-lite or Therma-cool, but it was universal in its
application. some members suggested getting the fan and related items from a new 92 or newer
7/900 but i did not have the time to investigate and | do not know of any u-pick-it type salvage
yards in the New York Area (anyone know of any?? i would love to check one out.) The fan |
bought pulls 1900 cfm on 10 amps. Similar options are the Flex-a-lite, or Perma-cool. A high
end option is the Spal fan which pulls 2300 cfm on 23 amps and has a thermostat that connects
directly to the cylinder head but the cost is higher, 155+55... | don't know if one needs this kind
of air pull but your call.

Swap:

| first slackened the tension of the water pump belt.

Then | removed the clutch fan. there are four 10 mm nuts. | had to loosen each one
before | could pull the fan away from the pulley sufficiently to be able to spin the nuts
completely off. remove two screws holding shroud to top of radiator. Off came the fan and
shroud.

| removed the four studs and replaced them with 6 mm x 1.0 bolts, 12 mm length, 10 mm
head. with a lock washer, these bolts fit perfectly. If you never removed a stud before, put
two nuts on the exposed thread (do not use the original nuts as the flange prevents good
wrench grasp). tighten the nuts against each other. then try to remove the inner-most nut.
since it is tightened against the other nut, turning it forces the whole stud to turn and spin
out.

Tighten the belt.

| disconnected the inlet and outlet of the intercooler and the radiator/intercooler hold
downs. out came the intercooler.

Position the fan closest to the middle of the radiator in hope of being able to re-install the
oem shroud (| cannot see how this could hurt). test fit the shroud. if it will work, keep the
shroud in place as you install the fan or better yet reinstall the shroud and then the fan.
(Once the fan is in place, it is a tough fit to get the shroud back in place.)

The fan | bought had the four nylon rods with nylon lock washers that push on. they work
like a two piece zip-tie. Once one, they cannot come off without breaking them. Position
the fan and slide the nylon rods thru the fan holds and through the radiator. slip on the
lock washers. Use the rubber gaskets as required to protect the radiator on both sides..
do not over tighten. four snug nylon connectors will hold the fan very well. i used them
years ago when i added a tran-cooler to my 72 mustang and it held without a problem.
Others have suggested facing a better bracket. Your call.

Once the fan is in place, re-install the inter cooler, hoses, and radiator hold down brackets.
Regarding the thermo, my understanding is that there are three main types. One contacts
the coolant in the cylinder head or thru the radiator, one is just a probe that extends thru
the rad fins, and one (like mine) has a probe that gets inserted into the upper rad.
opening, bends around the opening and gets sandwiched between the opening and the
rad house. They supplied a rubber gasket that has a grove in it. The gasket goes against
the rad. neck, and the copper tube attached to the probe lays in the groove. the gasket
makes for a smoother transition around the tube in an effort to prevent a leak around the
tube. It also protects the tube as one tightens the hose clamp around the radiator hose



and neck. The probe tube is attached to a thermostat which | connected to the radiator
rail to the right of the radiator behind the lights above the battery. Mine is an adjustable
thermo from 180-240 degs. | am still playing with the setting.

Wiring: attach the fan ground wire to the thermostat. Get the wires straight, one is for
power, one is for ground depending on what direction you want the fan to turn, i.e., puller
or pusher. From the thermo connect to any good ground. you have options regarding the
power supply.

Connect to a constant power supply if you want the fan to work regardless of ignition key
position. This will allow the fan to continue cooling after you have shut off the car. if you
have the thermo set low or it fails, the fan could drain the battery. Or, connect to a power
supply that is only powered when the car is running (actually when the key is in the run
position...) With either power supplies, use an in-line fuse (I am not sure how one
decides the fuse amps to use. maybe a reader can advise)

Other options: include a switch to customize when the fan will or will not work depending on
where it is positioned and whether or not it provides its own power supply.

See also Dave Barton's discussion of electric fan conversions in 240 and 740 cars.

960 B6304 Coolant Loss: Coolant Cap At Fault. [Inquiry:] I'm a little concerned about the
accounts of casting porosity in the 6 cyl block or head. This would certainly explain my regular
loss of coolant. No external leaks, no WP seal or gasket leaks, heater core seems OK (no
smell in car, no coolant in condensate rain) no coolant indications in engine oil or ATF. Runs
fine so far. Could it be leaking outboard of the exhaust valves and vaporizing in the manifold? |
assume this would kill the cat or O2 sensor after a while. But no white smoke shows. Coolant
has to be going somewhere and it is doing so at the rate of about a pint a week. In winter.
Perhaps more. This engine would fry and bend like a hot dog if it ever got seriously dry. Any
ideas? [Response: Tom Irwin] Relax! The block porosity issue was limited to about the first
10,000 units off the line in model year 1992, only! If it was leaking into the oil, your crankcase
would be full of mayonnaise, right? Per chance, Greg, do you have a Grey plastic pressure
cap?? Hmm? If so, you need a Green one. My wifes 940 and my 960, each with grey caps,
failed within 6 mos. of each other. They tend to get little hairline cracks in the threaded portion.
They spittle and sputter and ooze coolant ONLY when at temp. and pressurized. Check it out
carefully. FWIW, Stant company is selling the new green Volvo caps for half what the dealer
wants, under their own name. Also, you change your coolant right? Volvo Type C blue only?
Don't believe the "Perma-Fluid" crap in your manual.

Homemade Cooling System Pressure Tester. Here's what I've rigged up for both pressure
testing the cooling system and bleeding the clutch and brakes: | found an old bottle cap that has
the same threads as the coolant reservoir. Then | bought $1.00 worth of tank valves and
screwed one into it. If you don't have such a cap, then an old coolant reservoir cap should work
even better. When | need to use it, | take the gasket out of the coolant reservoir cap and use it
in my "pressure cap”. | connect a $5.00 bicycle pump (with built in pressure gauge) to the cap
and presto. Since the brake reservoir has the same type orifice, it can also be used to pressure


http://www.linkline.com/personal/dbarton/fanconversion/

bleed the clutch and brakes.

Test specs: 12 psi(85 kPa) for up to 1986 cars; 22 psi (150 kPa) for 1987+ cars with B2XX
engines. Pressure should not drop noticeably in three minutes.

Volvo Maintenance FAQ for 7xx/9xx/90
Cars Top of Page




Engine and OBD Diagnostic Codes FAQ Home

Volvo Maintenance FAQ for 7xx/9xx/90 Cars Version 7.5
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Note: For further information about specific symptoms, fuel injection and ignition components, and sensors, see the

relevent FAQ files.

Abbreviations:

AMM  Air Mass Meter
ECT  Engine Coolant Temperature sensor
ECU Engine Control Unit computer (either fuel injection or ignition)

FI Fuel Injection
FPR  Fuel Pressure Regulator
IAC Idle Air Control solenoid valve

TB Throttle Body
TPS  Throttle Position Sensor
VSS  Vehicle Speed Sensor

General Notes on On-Board Diagnostics in Volvo RWD Cars. Volvo started using self-diagnostics on its Bosch LH 2.4 engine
management systems in 1988 on 700 series non-turbo cars and in Regina-equipped cars. Earlier Bosch LH 2.2 and Turbo cars
until 1990 had very limited self-diagnostic capability using an LED tester. In LH 2.4 cars, If a system fault occurs, then the "check

engine" lamp will illuminate, signifying the presence of a fault code. For every model year using LH2.4 up to and including the
'95s (except 200 series DLs and GLSs), you can flash out fault codes, as well as perform input and output testing, through the
OBD-I diagnostic connector unit simply by inserting a little self-contained probe and pressing a button. You do not need a special
scan tool to read codes. As electronic systems were added to more Volvo models, more socket options and even more diagnostic
connectors were added. Unfortunately, you cannot use a generic code reader on any of these OBD-I cars: you have to manually
extract the codes from the systems as noted below. 1996+ cars have the entirely different OBD-II system which requires a
computerized code scanner to read codes through a special data link.

The diagnostic connector units for OBD-I systems are small black rectangular boxes mounted in front
of the left-side(driver-side in LHD countries) shock tower. Earlier cars have only one unit ("A"); later
cars have two ("A" and "B"). Diagnostic connector "A" contains the test terminal probe (the wire
mounted on the side of the box in the picture) used in both A and B along with the test button and the
LED readout lamp. In diagnostic connector A, socket 1 is for the electronic transmission (if your 960 or




90-series car has the AW30/40), socket 2 for fuel injection or Motronic, socket 3 for ABS, socket 6 for
ignition and socket 7 for the instrument cluster. If the 1992+ car is so equipped with connector B,
socket 1 is for the climate control, socket 2 for cruise control, socket 5 for the SRS and socket 6 for the
memory seats.

For later 1996+ OBD-II equipped cars, the diagnostic connector was changed to an electronic data link

and moved from under the hood to in front of the shifter in the console. As a result, you need a
computerized scan tool to do everything from checking for codes to resetting the maintenance light. Maintenance light resetting,
by the way, was returned to a push-button method in the very late '90s.

Note that 200 series DLs and GLs have self-diagnostic capability only for fuel and ignition control. All other systems except 1990-
93 SRS require a proprietary tool. For '90 to '93 models with air bags, just jump a terminal to ground to get codes out of the
system.

Can't Obtain an OBD Code? [Inquiry] I tried obtaining a fuel injection diagnostic code and can't even get 1-1-1. [Response: Chris
Herbst] | have run into a LOT of Volvo products with bad diagnostic readout units, usually caused by corrosion. While it is
possible that there is no signal TO the diagnostic unit, it is just as likely that either the connection in the terminal, or the
connection TO the unit from the ECU computer, is bad. You should try cleaning those connections, and if necessary you can
jiggle the connections until you DO get proper readings. I've never had it where | wasn't able to at least read codes and reset the
computer, although sometimes it was when | was squeezing the connections into the diagnostic readout unit, or jiggling them
around. While your problem could be the ECU, more likely it is corrosion or a bad connection, especially if the engine is operable.

Does the OBD Code Pinpoint All Problems? [Editor] Absolutely not: the earlier OBD-I systems are quite crude and provide a hint
only. Coolant temperature and knock sensors, for example, can fail without any OBD codes being set and the only real test is
further diagnostics.

Fuel Injection and Ignition Diagnostic Procedures in Bosch LH-Jetronic 2.4+, Regina, and EZK 116/REX 1.
The following section describes the onboard diagnostic codes for the Bosch LH2.4 and Regina fuel injection and EZK 116/Rex1
ignition systems used on later 1988+ 2XX, 7XX, and 9XX Volvo cars. If you have the Bosch LH2.2 or earlier systems, you do
NOT have OBD capabilities and will have to diagnose sensor and performance problems using traditional manual techniques.

The later fuel injection and ignition systems incorporate a built-in diagnostic subsystem that is able to test various sensors and
fuel injection or ignition components and report the results. This diagnostic system is located behind the driver's side strut tower



in the engine compartment with a readout box with several functional modes. 940 cars have two boxes: "A" and "B"; the former is
used for engine diagnostics and ABS; the latter for SRS and cruise control. If fault codes related to the emission system are

registered, the "Check Engine" lamp on the instrument panel is lit. The test cable is mounted to the side of A.

There are three OBD diagnostic test modes (DTM):

1. DTM 1. The fuel injection ECU continually checks the following when the car is being driven: ECU internal functions;
oxygen sensor and mixture; ECT sensor; AMM; battery voltage; TPS; rpm sensor signal from the ignition ECU,;
speedometer signal; knock signal from the ignition ECU (except B230F and B204FT); IAC valve. The ignition ECU
continually checks its own functions; the knock sensor; fuel system load signal; rpm sensor; ECT sensor; and EGR
controller and temperature sensor signals. A fault in any of these causes a trouble code in DTM Mode 1. If it is emission
related, then the "check engine" lamp is illuminated on the dash.

2. DTM 2. The ECU control module, activated through the diagnostic test box button by pressing it twice, tests specific signals
from sensors when it is activated with the test box button: TPS in full load or idle positions; engine speed signal from
ignition ECU; air conditioning control and compressor OK; engine speed compensation for auto tranny OK. The diagnostic
box responds with a flashing code if it receives the signal when the sensor is activated.

3. DTM 3. This mode, when it is activated through the diagnostic test box button by pressing it three times, tests the signals to
various control components: engine fan half and full speed; injectors; IAC valve; carbon filter solenoid; cold start valve.
Whether the component is operating is ascertained by listening or feeling it.

To operate the diagnostic system, open the A box cover and insert the end of the test cable mounted on the side of the box into
either socket 2 for LH 2.4/Motronic 1.8/Regina fuel injection diagnostics and component or sensor tests or socket 6 for EZK 116
ignition or California EGR diagnostics. Place the ignition key in the ignition lock and note where key position Il "KPII" is on the
switch. To operate the system:

1. Diagnostic Test Mode 1: Fault Code Retrieval

o Place the cable into socket 2 (LH2.4/Regina/Motronic 1.8fuel injection test) or 6 (EZK116 or REX1 ignition test) as
above

o Turn the ignition ON to KPII without starting the engine

o Select Mode 1 by pressing the button once and holding for more than 1 second but less than 3 seconds

o The LED lamp will flash in successive series of three digits followed by a three-second pause. If there are no fault
codes stored, it will flash 1-1-1 indicating the fuel injection system is operating correctly. (If nothing flashes, see No

Code.)
o Count the successive flashes and record the fault code.



o Press the button again.

o Record the fault code. If it is the same as the previous one, then no additional codes are stored. Repeat until all the
codes stored are retrieved (maximum of three.)

o Refer to Table 1 for the interpretation of fault codes from the LH2.4 Fuel injection System and Table 2 for codes from
the EZK 116 Ignition System.

o Move the cable into socket 6 (for ignition codes from EZK116 or REX1) or socket 2 (for fuel injection codes from
LH2.4/Regina) and repeat the above.

2. Erasing Fault Codes. After you have retrieved all the Fault Codes in step 1 above, you should erase the system memory.

o Repeat step 1 above and read the fault codes again

o Press and hold the button for more than five seconds, then release it.

o When the LED lights, press the button again for more than five seconds and release. If the LED goes off, then the
memory is cleared.

o To test that memory is cleared, press the button again for >1 second and <3 seconds. If code 1-1-1 is returned,
then the memory is cleared.

o Repeat step 1 above with the other cable position mode (2 or 6) to erase Fl or ignition codes.

o If you cannot erase the code, yet you feel the problem has been fixed, then turn the ignition off and disconnect the
battery ground for a few seconds. This will clear all the codes. After starting the engine, if the code does not
reappear, then you've fixed the problem. If you obtain another code, then you've still got the fault.

3. Diagnostic Test Mode 2: System Sensor Signal Test. This tests whether signals are received from certain sensors and
switches. If they are, then a code flashes so indicating it.

o For vehicles equipped with air conditioning, turn the a/c control to "on."

o Turn the ignition ON to KPII and install the cable into socket 6 for ignition-related tests.

o Press the button two times for >1 and <3 seconds each. The LED lamp should flash rapidly. (If nothing flashes, see
No Code.)

1 Check the throttle position switch by turning the throttle pivot wheel slightly from within the engine compartment.
The LED should go out and then flash code 3-3-4 which indicates proper operation of the TPS. If no code is flashed
and the lamp keeps flashing, the TPS is faulty.

o After the tests, the LED should keep flashing.

s Remove the ignition coil center lead and crank the starter motor; the engine will not start but it will turn over. The
LED should go out, then flash 1-4-1 for the RPM sensor. If no code is flashed and the lamp keeps flashing, the RPM
sensor is faulty. Reinstall the coil lead and turn the ignition key ON to KPII.



o Install the cable into socket 2 for fuel injection-related tests.
o Press the button two times for >1 and <3 seconds each. The LED lamp should flash.

o Activate the following sensors. If the LED diagnostic code shown (note: this is not a fault code) is present then the
sensor or component is OK:

« TPS OKin full load position (when throttle is moved from full load) 3-3-3
» TPS OK in idle position (when throttle is moved from idle)  3-3-2

» RPM sensor signal from ignition OK 3-3-1

= AJ/C control on/off OK (when a/c switch is depressed or released) 1-1-4
« A/C compressor start OK  1-3-4

« Engine idle speed compensation for automatic tran OK 1-2-4 (depress the brake pedal, move the selector to
D and then to N.)

1 Exit Mode 2 by switching off the ignition.
4. Diagnostic Test Mode 3: Injection System Component Activation Test

o Turn the ignition ON to KPII and install the cable into socket 2 for fuel-injection-related tests.

o Press the button three times for one second each time (waiting between >1 and <3 seconds before pressing again)

o The diagnostic unit then sequentially tests the following components: engine coolant fan (if equipped), fuel injectors,
idle air control solenoid valve, carbon filter solenoid valve (if equipped), cold start valve, radio suppression relay and
fuel pump. No code is produced: you have to listen or feel each in turn to make sure it is operating.

o Exit by switching off the ignition.

5. Diagnostic Test Mode 3: EGR System Component Activation Test (if so equipped)

o Turn the ignition ON to KPII and install the cable into socket 6 to test the EGR system controller.

o Press the button three times for one second each time (waiting between >1 and <3 seconds before pressing
again)

o The diagnostic unit then tests the EGR system controller which you can hear or feel. No code is produced.

Exit by switching off the ignition.
Table 1: Bosch LH2.4 and Motronic 1.8 Fuel Injection Fault Codes (* denotes Check Engine lamp goes on). Where the

Motronic 1.8 codes are different from LH 2.4, the differences are shown in blue italic. Read these from socket 2. See Table 3
below for Regina fuel injection codes.



Fault LH 2.4 Fault LH 2.4 Causes LH2.4 Motronic 1.8 Fault Motronic 1.8
Codes Condition of Fault Symptoms Condition Causes of Fault
1-1-1 |No faults IN/a IN/a Same Same
1-1-2 Eg;:lt in FI control |FI module fault |None Same Same
Fuel trim (lambda : , .
1-1-3* |control) too lean or M|xtur§ !ncorrect, High fuel . |[Fault in Injector 1,2,4 |Fuel Injector
fich 02S wiring fault jconsumption
1-1-5 |Not applicable INA INA [Fault in Injector 3,5,6 |Fuel Injector
Faulty signal to/ . \Various driving
1-2-1* |from Air Mass erlng fault to or problems; fuel Same Same
in AMM .
Meter consumption
\Wiring fault to or
. .. lin ECT sensor;
Signal missing to/ -
grounds [Difficult to start
1-2-3* [from coolant temp. . Same Same
corroded on engine when cold
sensor ) .
fintake manifold
or engine
Ignition system . . ,
131 |RPM signal \Wiring fault or ~ |Engine will not Same Same
. . RPM sensor bad |start
missing on starting
1-3-2 Batte_ry voltage too [Poor pattery O INo faults evident |[Same Same
low/high charging system
Thr(_)ttle switch idle TPS failure or lAbove-normal
1-3-3 |[setting faulty or . . Same Same
: [maladjusted lidle speed
grounding fault
|[Front knock sensor lEront Knock
1-4-3 |Not applicable INA INA signal missing or
sensor
faulty
Signal missing/ \Wiring fault to [High fuel
2-1-2* [faulty from oxygen |heated O2S consumption, Same Same
sensor sensor driving problems
Throttle switch full |Wiring fault to
2-1-3 |load setting faulty [TPS or TPS INo faults evident |Same Same
or grounding short |failure




Ignition system RPM

\Wiring fault or

2-1-4 |Not applicable NA NA signal missing |RPM sensor
sporadically
Fuel trim (lambda Lean; air leak; Engine sto.ps
low fuel hen starting
2-2-1* |control) too lean at ] L Same Same
art load pressure; bad from cold; high

P AMM fuel use

Signal missing to/  |Circuit fault to [Engine difficult to
2-2-3 [from idle air control |IAC or faulty IAC |start; low idle Same Same

alve

valve

speed

Fuel trim (lambda

}Hf too lean: air
leaks, low fuel

}Engine stops
when starting

[Fuel trim (lambda

2-3-1* [control) too lean or . control) too rich at Oxygen sensor
. pressure, bad from cold; high
too rich at part load part load
sensor fuel use or |
Fuel trim (lambda [}If too rich: high : - |Fuel trim (lambda
} various driving
2-3-2* [control) too lean or [fuel press., control) too lean at  |JOxygen sensor
. : S [problems .
too rich at idle leaking injector lidle
2-3-3 |Not applicable |NA INA I::Iggzontrol outside Idle speed control
2-4-1 |Not applicable INA INA EGR system flow too [EGR vacuum
low booster
: TPS throttle switch  [Throttle position
2-4-3 |Not applicable [NA [NA signal absent or faulty [switch (TPS)
Speedo wiring or
3-1-1 Signal missing ||nstrumer_1t_ Idling problems [Same Same
[from speedometer |cluster wiring
ffaulty
. . \Wiring break
Signal missing for between EZK
3-1-2 [knock-related fuel : [No faults evident |Same Same
. terminal 4 and FI
enrichment
#28
CMP camshaft Camshatft
3-1-4 |Not applicable INA INA sensor signal absent |position sensor
or faulty (CMP)
Cold-start injector |Wiring break to
: . Cold-start
3-2-1 |signal shorted or  |[cold-start injector Same Same

fmissing

or fault in injector

problems




\Wiring break

Air Mass Meter \Various driving

3-2-2 |wire burn-off signal betvv_een F |[problems due to |Same Same
absent or fault terminal 8 and dirty AMM wire
Y lamm #4 y
IE.GR temperature \Wiring break or |B 204 FT/GT
3-4-4 |signal absent or . . Same Same
fault in sensor engines only
[faulty
EGR temperature EFG
4-1-3 |Not applicable INA INA sensor sighal missing [temperature
or faulty sensor
Rear knock sensor Rear Knock
4-3-3 |Not applicable INA INA signal missing or
raulty sensor

Table 2: EZK 116 and Regina Rex Ignition Fault Codes (* denotes Check Engine lamp goes on)
(REX 1 ignition system codes are shown in italic.) Read these from socket 6:

Fault Codes Fault Condition Causes of Fault Symptoms
1-1-1 |No fault detected IN/a IN/a
1-4-2* Control module fault |EZK ignition control module faulty ir;%lge runs in limp-home

Knock sensor signal absent or

1-4-3* |' Faulty wiring to/from/in the knock

Poor acceleration, low

aulty sensor power, high fuel cons.
. Bad fuel injection relay; faulty Engine lacks power;
1-4-4* .NQ '°f’"d signal from fuel iring from LH to EZK; bad LH stalls; doesn't start or is
injection system )
module erky

Engine idles unevenly

1-5-4* |EGR system flow too high I\I/:Vaulty EGR valve or controller,

iring; engine thermostat

5.1-4 RPM sensor signal absent Faulty RPM sensor, wiring or Engine will not start; runs
intermittently incorrect installation rough; overheats

2-2-4 Engine c.oolant temp (ECT) Faulty wiring or ECT sensor No fault symptoms evident
sensor signal absent or faulty
Throttle Position Switch (TPS) [Faulty wiring or TPS; TPS Poor hot starting; poor

2-3-4 . . . : e :
idle signal faulty adjusted incorrectly idling; limp-home operation|

Faulty wiring, EGR, EGR vacuum

A1*
2-4-1 |EGR system flow too low or controller; EGR temp sensor

Poor idling




4-1-3*

EGR temperature sensor
signal faulty or absent

Faulty EGR temp sensor or wiring

3-3-4

Throttle Position Switch (TPS)
in idle position (REX 1 only)

Faulty wiring or TPS; TPS
adjusted incorrectly

Table 3: Regina Fuel Injection Fault Codes. Read these from socket 2:

[Fault

Codes

Fault Condition

Source of Fault

1-1-1 |No faults

1-1-2 |Fault in control unit

|FI control unit

1-1-3 |Fault in injector

[Fuel injector

1-2-1

Signal missing or faulty to/from pressure sensor

IMAP Pressure sensor

1-2-2

Signal missing or faulty to/from air temperature sensor

Air temperature sensor

1-2-3

Signal missing or faulty to/from coolant temperature
sensor, possible grounding short

ECT Coolant
emperature sensor

1-3-2

|Battery voltage too high/low

[Check battery and
charging system

1-3-3

short

Throttle switch: idle setting faulty, possible grounding

TPS Throttle switch

2-1-2

|Oxygen sensor signal missing or faulty

Oxygen sensor

2-1-3

grounding short

Throttle switch: full load setting faulty; possible

TPS Throttle switch

2-2-1

IOxygen sensor not operating

Oxygen sensor or intake
air leak

2-2-2

[Fault in fuel injection relay

|Fuel injection relay

2-2-3 |Signal missing to/from idle valve |IAC Idle air control valve
2-3-1 |Self-adjusting oxygen sensor not operating |Intake air or fuel system
2-3-2 |Self-adjusting oxygen sensor not operating |Intake air or fuel system

2-3-3 ||d|e valve closed

|IAC Idle air control valve

2-4-1

[EGR system malfunction (California cars)

IEGR vacuum booster

3-1-1

Signal missing from speedometer

Speedometer signal

3-2-1

Signal missing to/from cold start valve

JRadio suppression relay

4-1-3

EGR temperature sensor circuit (California cars)

EGR temperature
sensor

No fault symptoms evident




OBD-Il Scanners and Tools for 960/90 Cars. Here are sources of OBD-Il scanners and PC-based scantools for 960 and 90-
series cars using OBD-Il protocols:

. Freediaqg: Freediag is a suite of vehicle diagnostic protocols and an OBD Il (mostly) compliant Scan Tool, currently for

Linux platforms.
. Automotive Electronics Services: Suppliers of a variety of electronics and scan tools, including adapters and software for

PDAs and laptops

. OBD Auto Diagnostics: Makers of a simple interface box to read codes on a laptop.
OBDII Vehicle Scan Tool: Software interface and OBDII manager for Windows

. OBDScan: Interface and software for Windows laptops or Palm PDA.

Other information, buying guides, and links are found at:
. AutoTap: Buying guides and basic information on OBD-II

[Tip] | purchased a $99.00 OBDII code scanner for the '96 and newer 960's from http://www.ghg.net/dharrison/obdscan.html |
received a 1ISO9141-compatible device that connects between the OBDII connector on the car and the serial port on a PC. It
arrived today and | installed the software on my laptop (3 diskettes) and took the unit out to my '96 960 wagon. | connected it up
to the 960's OBDII port and started the program on my laptop. When | turned on the ignition, the scanner successfully connected
to the ECU and they started communicating. At first, it appeared that although it was telling me that the MIL lamp was not on and
that | had no trouble codes set, it did not provide a list of parameters that | could monitor in real time... The instructions
mentioned that some cars start the OBDII communications with the transmission ECU, and that’'s what appears to have
happened here. There is an on-screen button you can toggle to "Change ECU's". Once | toggled this button, the engine ECU
came on-line. I'm very pleased that for $99.00 | now have a tool that can monitor a number of engine parameters, report OBDII
trouble codes and reset the MIL lamp.

Fuel Injection and Ignition Diagnostic Procedures in Earlier Bosch LH-Jetronic 2.2, EZK 102/115/117/118 for B280/B200/
B230FT.

8 Using test diode #5280, connect the LED to the test terminal (yellow/red lead, usually by left front wheel
well), and the red lead to


http://freediag.sourceforge.net/
http://www.aeswave.com/
http://www.obddiagnostics.com/
http://www.obd-2.com/
http://www.ghg.net/dharrison/obdscan.html
http://www.obdii.com/
http://www.ghg.net/dharrison/obdscan.html

the positive battery terminal.
8 Turn ignition on, do not start car. LED should be illuminated.

§ Start car.

B23FT (EZ-102K): Rev engine past 3000 RPM (light should turn off) and allow it to idle around 1000 RPM.
Watch for flashes.

B200E, B230 E/F/K, B280 E/F (EZ-118K, EZ-117K, EZ-115K): Slowly rev engine past 700 RPM (B280) or
920 RPM (others).
Light should turn off. Drive car (high and low load conditions). Then, quickly rev engine past 2500 RPM (to

check the knock
sensors, B280). Make sure to reach full throttle, and to rev past 3150 RPM (B200/B230). Watch for flashes

for at least
three minutes.
EZ-102K codes:

1 flash: Maximum timing retardation reached (9.8 degrees)
2 flashes: Low battery voltage
3 flashes: Fault in control unit (knock sensor circuit), replace ICU.
4 flashes: Fault in knock sensor or wiring.
5 flashes: Faulty load signal from fuel injection ECU

EZ-115K codes:

1 flash: Knock occurred.



2 flashes: Faulty signal from temperature sensor

3 flashes: ---

4 flashes: Faulty signal from knock sensors, or ICU knock detection circuit faulty

5 flashes: Faulty signal from #1 cylinder detector (#1 spark plug lead)
EZ-117/118K codes:

1 flash: Maximum timing retardation reached under full throttle acceleration

2 flashes: Temperature sensor fault (B230K only)

3 flashes: Maximum timing retardation reached at idle or > 3150 RPM

4 flashes: Faulty load signal from fuel injection ECU (engine at part load, not idling)

5 flashes: Insufficient advance at idle (B200E/B230E/B230K only)

6 flashes: Insufficient advance (B230K only)

Volvo Maintenance FAQ for 7xx/9xx/90 Cars Top of Page
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Symptoms of Bad LH2.4 ECU 561 ECU Workaround
ECU Failure Modes Buying a Used ECU
Intermittent Stalling; Bad LH 2.4 ECU Buying a Remanufactured ECU
ECU Fuel Pump Control Circuit Repair 760T Engine Stops Dead at 60MPH: Bad
Power Stage Module
Repairing Your Own LH 2.2 ECU

Abbreviations:

AMM  Air Mass Meter
ECT  Engine Coolant Temperature sensor
ECU Engine Control Unit computer (either fuel injection or ignition)

FI Fuel Injection
FPR  Fuel Pressure Regulator
IAC Idle Air Control solenoid valve

B Throttle Body
TPS  Throttle Position Sensor
VSS  Vehicle Speed Sensor

Symptoms of Bad LH 2.4 ECU. See also Engine Failure/No Start: Bad ECU

Common symptoms of a failing LH injection module:

Engine will not run at idle

. Air-fuel mixture is too rich (this can damage catalytic converters)

. No fuel pump operation, but the fuel pump operates when its relay is jumpered between
pins 30 and 87/2

. The engine will not rev higher than 3000 RPM

. Engine will not start, spark plugs are dry and the ignition system produces spark.

. Multiple error codes, sometimes randomly generated, despite using known good sensors
and components.



Intermittent stalling in 89 760T. The owner of the shop hinted that "late 80s and early 90s 760s
have had problems with their computer chips" -- something like $800 plus labor -- OUCH! Has
anyone heard of this?] [Response 1:] Yes, very much so...LH 2.4 modules from 1989-1991,
maybe 1992 too, have been very troublesome. However, as far as | know, 1989 Turbos still
used LH2.2 modules, so I'm not sure that this applies to your car. Also, often when the modules
fail, they fail rather radically, such as the car running very rich, or a no-start or cases like that.
[Response 2:] | experienced almost identical symptoms for several years. They went away when
the ECU on my 760 Turbo had to be replaced because the AC enrichment circuit went south.

Marginal Operation. When mine died it got stuck in diagnostic mode 3, pulsing the injectors
every second, which was enough fuel to start the car but not much more. Other cases I've heard
of has the adaptive rich code getting set permanently. [Yet Another Opinion:] As a general rule,
ECU's don't go half bad, and don't work intermittently: they work fine or they don't work at all. It
is wires and connectors that have "off days". [JKordzi]The 561 ECUs have had very high failure
rates. Used 951 ECUs (the replacement model) are pretty reasonable now and may be had on
EBay or in wreckers' yards for US$50 or so. [Editor] In my case, my 556 ECU vintage 1990
failed in such a way that the car would idle, but any application of throttle to raise rpms above
about 1,200 would suddenly cause total injector failure: they would just stop pulsing until the
rpms dropped. Changing the ECU solved it.

ECU Diagnosis. First check the fuel injection system and radio suppression relays. Check all the
sensor inputs to the ECU at the connector: you can remove the small screw and wire tie on the
cover, pull it off, and remove the little "haircomb" plastic piece on the side which exposes all
connectors without actually disconnecting the ECU itself. All grounds, power and sensor inputs
should be tested at this plug before the ECU is condemned. Is the ECU is getting a signal from
the ignition system? How about power from the ignition? Only after a complete diagnosis should
you condemn the ECU.

This note is from Car Electronic Service in the UK and applies to: 1988 to 1992 740 and 740
GLE with Bosch Jetronic LH 2.4 fuel injection ECUs part numbers 590/591/594/595.
Symptoms...No prior warning, car usually breaks down on road or fails to start when warm
through loss of fuel pump relay control. Diagnostic checklist: ACCURATELY Identify fuel pump
relay and remove. Now take a small piece of wire to jumper terminals 30 and 87/2 on the relay
board (the terminals are identified on the relay module pins). USE CARE. The 2 terminals are
the nearest left and middle right pins on the relay board). This +12V jumper should make the car
act like the fuel pump relay is ON. If car now starts and runs, take for road test to confirm OK
(put on exhaust gas analyser first with catalyst equipped vehicles). IT IS NOT OK to continue to
use the car with this fixed jumper feed to fuel pump. If the car runs, then the ECU fuel pump
control circuit is bad.

ECU Failure Modes.

Pattern Failure ECUs. [Robert Haire] This info is from pulling and running dozens of ECUs of
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each number discussed. The bad ones are all LH 2.4 including the 561, with few pink label
ECUs surviving. Typically, this is a no start failure. However, | have had two white label 561s
that failed recently so they are not a sure thing. | have never had a bad 951 that | can recall.
The 16 valve ECUs 928, 571 seem to work fine in these cars too. The LH 2.4 California
emission with EGR 556 Volvo original must be atrocious too. Every one | have seen lately is a
Fuel injection or Programma rebuild with the old Volvo ECU long dead. The rebuilds seem to be
just fine. The only turbo ECU that causes problems is the LH 2.4 563. That one has a steady
demand so failure must be fairly common, though not like the non-turbo counterparts as far as |
can tell. Possible replacement units are 937 and 967. Other ECU failures may rarely occur but
they are much more unusual than those listed above.

ECU Circuit Chip Failure Mode. [Tips from Richard at Elektronik Repair] The main cause of
failure in the LH-Jetronic fuel injection ECU is the hybrid circuit. To understand the function of
the hybrid, please envision it as a type of interface that converts the 5 Volt signals of the
microprocessor to 12 Volts, or 12 Volt signals of the controller to the level lower 5 Volts for the
microprocessor. Additional functions such as Lambda regulation, resets and reference voltages
are also integrated. The hybrid circuit contains two integrated circuits (ICs) and several discrete
components which provide these functions. The ICs are protected by a silicone covering. Over
the course of the time, oxygen and water molecules diffuse through the silicone covering and
cause oxidation at the chip which eventually leads to a loss in functionality. Unfortunately, the
loss of the hybrid circuit functions can lead to the complete loss of controller functionality and
thus the engine stops running. When asked how the failure occurred and how it affects the car,
nearly 95 % of the time the answer is: "it worked properly when turned off, afterwards the engine
would no longer start." Beyond "oxidation" and “turning off your engine"you need to understand
these two facts. 1. The age of the controller is the main enemy here, not the actual hours of
operation 2. The controller will fail mostly after turning the off the engine. As Murphy’s law
dictates, it will fail most often at the place where it will cause you the highest possible
inconvenience. If your controller fails, never buy a used or repaired controller that contains an
old hybrid chip because then “it will get you again.” The record that one customer holds is three
successive failures when purchasing used controllers, each failure came approximately 6
months apart. More information available at info@electronikrepair.com

[Richard Keys] One cause for ECU failure is due to excessively high stray high voltage levels
within the engine compartment or by unusual signals being seen by the ECU’s sensor inputs. If
this situation occurs, then it is strongly recommended to replace the high voltage system with
new genuine parts (i.e spark plug leads, distributor cap, rotor, coil) and the main engine to body
and battery grounds are renewed before fitting a replacement engine management ECU.

ECU Fuel Pump Control Circuit Repair. [Tips from Michael Craig] My 940GL with B230F and
LH2.4 suffered from a secondary fuel pump relay supply failure, caused by faulty ECU. This
problem apparently required a new ECU - VERY expensive. As | am an electronic engineer by
profession, | do not believe there is such a thing as ‘beyond repair' -atleast for electronics! After
a lot of web searching, | managed to gather a small amount of information about the Bosch
ECU. Armed with this and an oscilloscope, | was able to diagnose that the circuit within the
ECU that controls the fuel pump relay had failed. Further research led me to believe this was a



fairly ‘standard’ fault, as there are a couple of companies here in the UK who specialise in this
particular fault, however the prices quoted for repair are still very high - in the order of £200.
This motivated me to re-design the relay control circuit, the details of which I will share with you!

The pump relay control circuit functions as follows:

. When the ignition is initially switched on, the pump runs for about 1 - 2 seconds, in order
to ‘prime’ the fuel rail. If the engine is not started within that time, the pump must stop.
You should be able to hear the pump running, so you can test this function by listening! If
the engine is not started and the ignition left on, the pump will not run again (see next).

. When the engine is started, the EZK ignition unit sends a series of pulses to the ECU, the
rate of which is proportional to the engine speed. When these pulses start, so must the
pump. This is how the pump control logic knows if the engine is either starting, running or
stopped.

. When the engine is stopped, the pulses from the EZK cease and the pump also stops. If
the engine stops for any other reason, it must be assumed that the EZK will also stop,
therefore so will the pump.

The 555 timer IC is operated as a slightly modified 'missing pulse' detector. Pulses from the
EZK are used to hold the timing capacitor (22uF) in a discharged state. Should these pulses
cease, the timing capacitor will charge through 390k and the timer output will change state,
turning off the relay drive transistor BC140. The LED and 2k2 are a visual indication of the
output state for testing purposes, and could be omitted. The 1uF capacitor ensures that the
timer runs on power up, which gives the initial ignition on pump run. The transistor BC107 is
really just a switch, and the zener 6v8 limits any spikes from the EZK.

It is possible to construct the circuit using stripboard about the size of a matchbox, which will fit
inside the ECU, making a really neat repair. None of the components are particularly critical -
most any transistors could be used, however the pump relay draws about 20mA. (This pump
relay is actually part of a double relay - two relays in one case - often referred to as the 'LH
Jetronic' relay). MOST IMPORTANT - Always disconnect the car battery before removing any
ECU connectors. These ECU's are not well protected, and spikes will kill them.

ECU Missing Pulse Detector Workaround [Ed Pennings]



| have been able to
test the self-built
replacement fuel-
pump-relay control
unit in my Volvo
940 from
November 1990.
My car has the
OEM Bosch LH
Jetronic 2.4 part
no. 0 280 000 595.
The loss of fuel
pump relay control
is a well known
problem of the
Jetronic 2.4 with
part numbers 0 280
000 59x. This
replacement
control unit is the
size of a match box
and can easily be
built inside the
ECU housing. |
found out that | had
to change a few
components in
order for the unit to
function properly: pump on after contact on - then fall off after one second - then on again when
starting and motor running (= obtaining pulses from the ignition unit) - and fall off when engine
stops running while contact on (for example after a car crash). It is basically according to what
Michael Craig wrote above but with a few adjustments. The unit is basically a missing pulse
detector. My Volvo is running OK now with the fix installed inside the original Jetronic.

[Tip from Steve] Applies to a 1989 240, with similar electronics as a 740 with a failed Bosch
556:

A lot of folks do this because of a failed fuel computer. | am not sure what model you have so |
will tell you how | did it for my 89 240DL. Mine has a White fuel pump relay located under the
right front kick panel. | installed another relay to switch ground to the connector on the Fuel
Pump relay. This ground source normally comes from the crank sensor or the fuel computer
and senses that the engine is rotating; hence the fuel pump will run. You must install another
relay. Connect a switched 12-volt source to pin 85 on the "New relay" and a good ground to pin
86 and 30. Then connect a wire to provide the ground when the relay receives a power source
to pin 87 on the new relay. This wire will need to be connected to 86/2 on the Fuel pump relay.
You should be able to test this before you install the relay with a test light or a ground source,
just turn the key on and touch the ground source to the 86/2 pin on the Fuel Pump relay...You



should hear the fuel pump humming. Then just install a relay to provide the ground you need.

Repairing Your Own LH 2.2 ECU

[Tip from Vroom] | have a 1988 765 turbo which uses the LH jetronic 2.2 system, ECU #
(bosch) 0 280 000 541. | had an idle problem which was very thoroughly traced to the ECU.
The following is what worked for me:

We traced pins 10 and 23 to two transistors: one is the middle one of the three on the heat sink,
the other stands alone in a black plastic holder directly in front of the first one. Only one was
blown. We looked the part numbers up and cross referenced to a Motorola power transistor
(Part # 2N6488 (229)) which seemed to fit the bill and installed it. To remove the transistors
from the heatsink | drilled out the peened pins (start small 1/32 then up to 1/8) and used 1/8
aluminum pop rivets to reinstall. It has been working flawlessly for a week now. Again this
worked FOR ME on this model ECU; | would hate to cause anybody any problems with info that
doesn't work for their particular situation. | suggest that you consult with an electronics whiz
before trying this.

561 ECU Workaround: Swap the Relay and Not the ECU. [Tip from Colin ] It has been
suggested that it may be possible to overcome the failure of the 561 ECU to operate the fuel
pump relay by replacing the (white) L-Jet relay with the (green) K-Jet relay. This type of relay
senses engine rotation internally instead of using the ECU. The relay fits the same relay base as
the (white) L-Jet one but is wired differently. Reading my latest edition of the UK. V.O.C
Technical Driver magazine | found an article by Peter Suchy on how to do just this. With the
permission of Jack Cluer (the editor) | have reproduced the relevant part below.

"First remove fuse one! Then remove the wires from the fuse/relay unit, with a slim spike
pushed down between the housing and connector release the barb then push the connector out,
you will need to bend the barb back out so that it locks when you refit the connector. Then put
them back as follows making sure they correspond with the numbers on the relay thick blue/
yellow wire to 87b,pink to87, brown to 30. Run a (blue/red) wire from terminal 15 to to fuse 13.
(an ignition controlled source) Run a ground (black) wire from the negative bus on the fuse box
to 31 Run a (red/white) wire from the single Red/white wire on the tach to terminal 31b. You will
now be left with the black/yellow, red and a looped blue/yellow and brown and white wires.
Insulate these and tie them neatly away in the loom where they can accessed if needed. Tape
the wire from the instrument panel firmly to the loom and make sure that all wires are neatly
fitted. This is to prevent the wires pulling out next time you remove the fuse box! Now refit the
relay making sure all the connectors are firmly pushed into the relay base and start the engine!
The relay is now powered by an ignition pulse from the coil when the engine is turned over." The
above is a bit more work than fitting a new ECU but a hell of a lot cheaper and it retains the
original safety feature of cutting off the fuel supply if engine rotation ceases.

Buying a Used ECU. [Suggestions:] It now appears that the lifetime of these ECUs is around
14-15 years: beyond that and the hybrid chips are at risk as noted above. When you buy a used



unit, take that into consideration. And get at least a thirty-day or no-DOA ("dead on arrival")
guarantee when you do buy the used unit. Paying over $150 for a used ECU is not wise; you
can buy a rebuilt unit for $400.To locate units and price them, check out http://www.car-part.com

for US and Canada yards.

Buying a Remanufactured ECU. Remanufactured computers are available for most cars
including Volvo. Several companies specialize in remanufacturing computers. Most are priced
around $400 with guarantees ranging from one year to life-of-the-car. See also the FAQ notes in

Parts.

. Micro-Tech, in Louisville, Kentucky (800-688-1588). (sold through NAPA). 12 month

warranty.
. Standard Motor Products.

. Elektronik Repair.Com in Mesa, AZ. 3 year warranty
. Programa in Boca Raton, FL specializing in Bosch for euro cars: 561-338-8843. 3 year

warranty
. Python Injection in Las Vegas, NV 800-959-2865. 12 month warranty.

. Fuel Injection Corporation in Santa Ana, CA 925-371-6551. 18 month warranty
United Kingdom: ATP Electronics in Cannock, Staffordshire, UK 44 (0)1543 46746. 12

month warranty

United Kingdom: Car Electronics Services in Southampton, UK 44 23 80777748. 24
month warranty

Europe, Africa, Scandinavia: ACM Elektronik Repair.Com in Ravenstein, Germany +49 (0)
6297/929462

760T Engine Stops Dead at 60MPH; Bad Power Stage . [Inquiry: driving
down the highway at @ 60mph with 1/4 tank of gas in 100 degree temp in
well kept 84 760 Turbo; car just dies, engine turns over but will not start]
[Response:] When my '84 760 Turbo died for no apparent reason as you
describe, it was in the freezing dark, going over Donner Pass. Everything
on the car worked except no spark and the engine wouldn't run. It turned
out to be the ignition amplifier or "power stage" module, which is mounted on the inner driver's
side(LHD) fender well behind the headlight. It's easy to get to and replace. If that turns out to be
the culprit, shop around before buying the new part. Volvo dealers charge several hundred $$$
for this thing, but | found one from an independent parts distributor for about $80 - the identical
part made by BOSCH with the same part number on it.

Volvo Maintenance FAQ for 7xx/9xx/90
Cars Top of Page
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Turbo Operation and Maintenance:

Turbo Idle and Shutdown. [Inquiry:] The figure of a minute or two before shutdown was
relevant for the older, non water cooled turbos. Yours ('86) should have water cooling, and thus
only require a few seconds. Is this so? [Response:] Yes, itis. The reason the two minute cool
down period was required is that so called 'first generation' turbos had oil cooling, but no water
cooling. The effect of oil cooling is less, and thus these units ran MUCH hotter than later, water
cooled turbos - after a long drive they could be glowing red! This is hot. And it can burn the oil.
This does not cause a problem while the car is running, because the oil pump keep recirculating
the oil around, so it doesn't stay in the turbo long enough to burn (and it has that nice oil cooler
next to the main radiator as well). The problem is that as soon as you shut down the engine, the
oil pump stops. If the turbo is still spinning, it has no pressurized lubricating oil. The oil that sits
in the turbo stays there and can burn and coke. If solid sludge particles form in the turbo bearing
(which is an oil bearing), they can score the bearing journals - kind of like your very own grinding
machine inside the turbo.

Enter second generation turbo.These units have the same oil cooled bearings, but they also
have water cooling - much like an engine has oil bearings and water cooling. The effect on the
turbo is two fold: One, it runs much cooler - doesn't glow red or anything (the exhaust manifold
might (read: does...), though - but that's a different story). Aside from that, the water keeps
recirculating even after the engine is switched off, due to convection (i.e. hot water rises).
Hence, the danger to second generation turbos is considerably reduced.

So, one would ask, what is the reason for the few seconds of idle after starting and before
switching off? Simple. In the first few seconds after starting (even after the oil warning light is
off!) the oil pressure is lower, and fresh oil may not have reached the turbo yet - and if you race
the engine, the turbo will spin fast with insufficient oiling of the bearing - not good. Likewise



before switching off: when the engine stops the oil pumps stops immediately. The turbo,
however, may keep on spinning for a few more seconds if the engine was racing just before
being switched off - simply because of inertia. So again the turbo would spin fast with insufficient
oiling. This (and the 1st generation problems mentioned before) is the reason behind the
different 'turbo pre- and post- oiler' systems.

This is also why a synthetic oil is best for a turbo car (bearing (sorry) in mind the drawbacks of
synthetics) - apart from any other qualities they may have, synthetic oils maintain their
properties MUCH better in high temperatures - and while a normal engine normally wouldn't
have such high temperatures in it, the turbo does.

[Response: David Farrington] Basically your "Idling down" is merely sitting at idle for 30
seconds or a minute before shutting down the car. The turbocharger can literally get red hot
during spirited driving. Naturally we don't normally do that, but depending what our drive has
been like - 70 miles at 80 on the freeway is not the same as 5 miles at a steady 25 mph. This
idle time gives the turbocharger time to cool down a bit, both with some water cooling and more
importantly some oil cooling and circulation. One can purchase and install automatic oil timer
pump kits that circulate the oil automatically, but good habits are far cheaper.

First word on owning a turbo engine - change the oil & filter! I'm religious, every 3k miles and the
turbo seems fine at 190k miles although I'm starting to think of a pre-emptive turbo cartridge
replacement.

Gasoline Recommendations for Turbo Engines. See the link to the Fuel and Lubricants file.

[Other related comments:] . | could pick up some pinging on 87 octane when boost was up,
thus switched to 89 and things are much quieter. I'll even go to 92 octane when | know I'll be up
on the boost gage. [Editor] To avoid pinging and lower performance, use the specified 91 or 92
octane gasoline.

Turbo
Maintenance.

Turbo
Components.
[David
Armstrong] See
the photo for a
depiction of
turbo
components.

Turbo Components

1 incoming air




from filter

2 compressed air
to intercooler

3 vacuum from
intake manifold
(drives CBV)

4 compressor bypass valve (CBV)

5 hose with compressed air driving wastegate actuator

6 wastegate actuator

7 wastegate actuator rod

8 wastegate shaft

9 oil supply line mount point

10 coolant drawn into turbo from overflow hose split

11 coolant supply line

12 coolant outlet

13 water pump draws coolant here via lower rad hose split

The only things not clearly shown here are where the coolant supply line connects (180 degrees from
coolant outlet connection) and oil outlet line (180 degrees from the oil supply line mount point).

Inspecting Turbo Hoses. [Inquiry] I'd like to clean and inspect my turbo hoses. What can | use?
[Response: Warren Bain/John Sargent] Use Simple Green and a soft bottle brush to clean the
hoses. Inspect them, especially around the bottoms of the clamps, for softness, cracks, and
holes. The small coupling hose for the intercooler is vulnerable and the turbo inlet hose from the
air cleaner deteriorates at the underside of the hose at the turbo inlet. The next to go is the
outside of the rubber elbow at the throttle body. They get soft and then crack.

Removing The Turbo and Inspecting.

[Inquiry:] I'll be ripping the turbo off the exhaust manifold soon. Is there any bench top inspection
| can do on the turbo? Any turbo tips while the turbo is off the car? [Suggestions:]You can do a
little pm work here. Take the oil return tube and make it spotless. Any blockage from oil gunk
has to be removed. Some turbo shops recommend replacing it; their warranty is void if you
don't! Do the same with the oil supply line. An automotive machine shop vat is a good way to
make sure they're clean, or a good soak in carb cleaner. Check the rotating assembly by
spinning it by hand; it should rotate freely. Look for any obvious signs of contact, or any damage
by debris. You'll need to look as far up in the housing as you can. If you are really industrious,
match mark the housings and remove them to expose the impellers. Word of warning here:
stripped and broken bolts are common here. Also check for radial clearance in the bearings by
moving the shaft perpendicular to its axis. There will be a fair amount of play, but it should not
move more than maybe a sixteenth of an inch at the end of the shaft (this is a very rough
estimate, use good judgment or get someone with experience on this to check it for you).
Another area to examine is the waste gate section. Cracks radiating outward from the hole are
common and considered to be normal. Only if they have really opened up, or if there are other
cracks through the housing, should this piece be replaced. Depending on the mileage and your
wallet thickness, consider a new water-cooled center section and ease your worries. For around
$400 you can put your housings on a new cartridge; or they will do it for you (recommended). A
shop | would recommend is Turbo Engineering Consultants in Colorado; friendly, easy to deal
with. Phone number available if you're interested.



Also check out http://www.alliedsignal.com:80/turbos/sitemap/index.html for a sitemap and good
general information and pictures related to turbo operation and maintenance.

[More on Turbo Wear Inspection.] [Inquiry] | currently have the Turbo off. The Turbo has
100,000 miles and had no problems before taking it from the car. What can | inspect (without
tearing the Turbo apart) to see what the condition is of my Garrett Intercooled Turbo unit. Any
information is appreciated. [Response: Thomas] Make sure the compressor wheel has a small
amount of play (turbo's have full floating bearings) Check for excessive wear on the compressor
blades(not likely), Carefully clean out any coke or sludge in the oil galley's, oil return pipe and oll
feed pipe. Check the internal horn passages for cracks. | have a 130K on my turbo, | hope | can
get more then that out of it. | wish | knew what exactly makes a turbo last the longest. Anyhow
just make sure it's all intact.

Coolant Hoses. [Editor:] My brother bought an otherwise pristine 940T. When changing the oill,
he noticed swelling in the coolant hoses going to the turbo oil cooler (the small metal can just
behind the olil filter.) These hoses are exposed to oil dripping from the filter housing when the
filter is changed. If they fail, all the coolant will rapidly drain out and the engine will seize. SO:
when you are changing your oil, take a close look at these two short hoses. After about eight
years, you may want to change them, along with all the other coolant hoses and clamps, as a
preventative maintenance measure. They are unobtrusive but still critical to engine longevity.
See the Cooling System file for more information about radiators, hoses, water valves and other

components prone to failure in high-temp turbo engine compartments.

Wastegate Arm Lube. [Tip: Jim] We changed a turbocharger today which had failed in a new
and interesting way, to me at least. The car is a 1990 740 with the mitsubishi turbo, and only
170,000 km on it. The rod from the wastegate actuator had seized solid on the pivot where it
connect to the arm on the wastegate, which prevented the valve from closing completely onto
the seat in the housing. The result is a hole burnt into the casting you can put a pen through and
absolutly no boost. The hole looked exactly like an exhaust valve that has burnt due to carbon
sticking on the seat. | would think the first sign of a seizing pivot would be excessive boost on
first hitting the throttle hard, with the boost leveling off as the actuator forced the valve open,
possibly followed by low boost on the quick reapplication of power, as the valve would not yet be
closed. A touch of antiseize on the pivot once a year should eliminate any trouble. This is one of
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those failures that could be avoided easily
if only a person knows.

Wastegate Cotter Pin Failure. [Tip: Editor]
Remove the small cotter pin clip holding
the wastegate actuator rod to the
wastegate valve stem occasionally and
lube it with high-temp nickel-based
antiseize. This clip can rust and falil, -
breaking off at the edges of the holes and | /Vastegate Circlip Replacement
leaving a corroded section inside. This
latter piece is a bear to remove. If the clip
IS rusted, replace it. If you need to drill out
the old clip remains, remove the oxygen
sensor to gain better access from below
and use a Dremel tool with a right-hand
drill attachment. Be prepared to use up
about five or six titanium 1/16 inch bits on
this very hard rod. Replace it with a new
clip, a stainless cotter pin, or a piece of stainless wire.

Coking Due to Poor Lubrication. [Inquiry] Is coking is the biggest contributor to turbo death?
[Response: Herman of Cherry Turbos] A great amount of built up crystalized carbon,
or'coking", is definitely the reason behind most turbo failures. Next is poor balance, and the rest
are blade erosion on the turbine blades, blade strike and exhaust chemical build-up on the
turbine blades. The coking occurs in varying degrees at primarily two locations. In the Garretts
it usually occurs inside the bearing housing, or center section, and inhibits oil flow to the hot side
bushing. In the Mitsubishis it usually occurs behind the heat shield on the turbine side and
eventually presses the shield against the back of the blades and machining material of the
turbine away rendering it unbalanced or causing it to sieze. The best oils are full synthetics for
reducing this problem however the combustion chamber chemicals suspended in older synthetic
will release from the oil at very high temps and "coke" as well. Your best bet is frequent
changes, synthetic or petroleum based, to ensure that the oil in the crankcase has a fresh
additive package at all times. (The additives are what inhibits wear, evaporation, shear, etc.)

How Does Wastegate Operate? [Inquiry:] This is the first turbocharged vehicle | have owned.
My question is how can you tell when the wastegate opens and dumps excess exhaust? Does it
open right before the boost gauge goes into the red?

Turbo Wastegate Adjustment. [Inquiry:] Before | start out on my own experimenting, maybe
someone can get me going in the right direction. Do you lengthen or shorten adjustment rod?
How many turns in or out equates to approximately how much boost? | don't want to grenade



the motor just looking for a little more kick. [Response 1:] Shorten rod. That preloads the spring
that diaphragm is working against inside wastegate actuator. If a rod comes out of the block
then lengthen it a couple of rounds when you put in new engine... A couple of turns is about all
you should do to not have too much stress on head gasket and other drivetrain parts. The best
way would be to adjust so that the max boost in a higher gear at 3500 RPM full throttle is not
more than 10 psi (70 KPa). [Response: Caveat] The actuator can normally only be adjusted
about +3psi. If you try to get more from it the preload on the spring will be so high that the
remaining travel can’t open the wastegate properly. [Response: John Sargent] The best
wastegate adjustment instructions are in the Factory Service Manual. Without the service
manual, crawl under the car and cut the sealed wire the factory installs to detect tampering.
Then remove the external snap ring that retains the wastegate actuator rod end on the
wastegate shaft. Loosen the jam nut that keeps the rod end locked on the shaft. Adjust the end
in or out as you desire. One turn equals 0.4 to 0.6 psi. Factory boost is set to 6.8 to 7.7 psi. It is
easy.

{Response:] If you wish to increase boost, | highly recommend that you either use the Volvo
"Turbo +" kit which will adjust the boost curve so that you do not get too much boost at low rpm,
and give you higher boost overall, or install the Saab APC system (see the directions on the
Turbobricks site). Simply increasing the boost with the control rod will increase the tendency to
predetonate or ping, and the control system will back off the spark advance negating any gains
you might have made. There are also lots of other things that might be going on that can be mis-
interpreted by the knock sensor as predetonation with the result that the timing is backed off and
you get less than maximum power. It would be wide to check the engine thoroughly to make
sure that everything is working properly. Also, be sure to use high octane gas, and if your area
adds methanol or MBTE, | recommend use of a fuel additive like AMSOIL PI to keep the fuel
system clean and improve the performance of the fuel.

Preventive maintenance: see the notes on Preventive Maintenance above.

CBV and Vacuum Check Valve Operation.

Theory of CBV/BOV Operation. [Notes from Anthony Hyde] There are numerous names for
relief valves fitted to turbocharged engines e.g. Compressor Bypass Valve (CBV) / turbo Blow-
Off Valve (BOV) / Dump valve / Vent valve / Relief valve. Described below are two main types
and the essential difference between them:

. Compressor bypass valve (CBV) In the CBV case, pressurised air is returned to the turbo
compressor inlet for reuse. The valve is open under engine vacuum conditions, and
closes firmly when positive (boost) pressure is present in the inlet manifold (or plenum
chamber). As you change gear a sudden vacuum condition is created and the valve
opens again, directing pressurised air back to the turbo inlet. A CBV is used with Bosch K
and LH-Jet injection, as being a closed system, any loss of air for which fuel has already
been metered by the movement of the airflow sensor plate, will result in an over-rich
condition and possible backfire. A CBV is found on many "OEM" original engine
manufactured EFI turbo systems.

. Blow-off valve (BOV) / Dump Valve / Vent valve This valve type features an adjustable



spring design (spring in compression) to keep the valve closed under idle, cruise and
boost conditions (eg 0.5 bar). Sudden throttle lift-off (eg 0.8 bar) opens the valve to vent
the pressurised air directly to atmosphere (and wooshtssh). Not used with Bosch LH-Jet.

A small diameter hose connects between the intake manifold and the relief valve: changing
pressure conditions (vacuum or pressure) will exceed the spring sealing pressure, and the valve
will open or close accordingly. Vacuum (pressure less than atmospheric) is formed in the
cylinder bore/s when a piston decends on the "intake stroke". Vacuum transfers through the
opening and closing intake valves back into the intake manifold, and rises when the throttle
plate is fully closed. With a valve closed under boost pressure, a sudden throttle lift-off between
gear changes creates an instant vacuum inside the intake manifold that pulls the valve open,
momentarily venting boost pressure.

Why vent the pressure? - Primary reason is to reduce strain on the compressor turbine wheel
due to compressor surge. Between shifts, or sudden throttle lift-off, the turbine is still spinning
fast (but slowing) pumping air at the closed throttle plate, as well as placing strain on the
intercooler, hoses and fittings. A CBV / BOV keeps air from flowing backwards over the
compressor wheel, allowing the turbine to continue spinning freely. When back on the throttle,
boost pressure quickly rises again with little lag. A suitable valve location is just before the
throttle plate.

Garrett Turbos. [Inquiry:] | was working on my engine last night and | thought | should check
the one way valve on the CBV (compressor bleed/bypass valve)for proper operation. | checked
the operation of the oneway valve and it was on backwards, meaning boost pressure was being
forced into the CBV. | turned the valve around and took it out for a drive. It bleeds now, but it
does it almost all the time while in normal aspiration mode.

1. Is the valve destroyed?

2. | noticed | can adjust the valve. Is it worth doing this or should | go buy the Bosch plastic
valve and replace it?

3. How should | adjust the valve to get it to only open at max vacuum?

4. One the one-way valve has been opened and vacuum has opened the CBV, how does it
close back up? The one-way valve would seal off and not allow air to go back in to re-pressurize
the CBV, right? | am having a difficult time understanding how air would re-pressurize the thing.
[Response: Abe Crombie] That check valve should be installed so that it can pull vacuum on the
bypass valve. This is so that on deceleration when the manifold vacuum goes up it opens valve
and allows the diaphragm to be moved upwards opening the valve and allowing the boost
trapped on lifted throttle to in effect re-circulate in outlet plumbing of turbo. The valve would
prevent the boost from reaching the diaphragm of bypass valve when installed properly. The
check valve allows vacuum to be pulled and the check valve has a controlled bleed in the
reverse flow direction to allow the diaphragm to close in a dampened manner. Reverse check
valve and see if all is okay. If it is then nothing else needs to be done. If not you will have to
replace the bypass valve.

Stuttering Under Load (Garrett Only):



[Tip from R Tilghman] While driving down the highway with cruise control set, the car will just
suddenly stutter. When it happens it feels like the car has reset or maybe an air bubble has
passed through the fuel system. It was infrequent and spontaneous. It seemed most common
when | had the cruise control engaged and the cc would gas hard, let off, and then gas hard
again for some reason (uphill, just engaged cc, etc.). In these instances the turbo needle would
be up in the yellow, drop to low black, and then return to yellow. I replaced the check valve and
it solved the problem. If you are having this problem pull the check valve (little red valve that sits
in the middle of a vacuum hose from the intake manifold to the CBV on top of the engine) aand
blow through it both ways. You should get major SOLID resistance (but not full stoppage) going
both directions. If you feel a sudden "thwap" as you blow that means the diaphragm inside is
probably shot. This applies only to Garrett turbos. [John Sargent] The Garrett CBV is actually a
Pierberg unit. When the unit fails you get a "stumble" when you let your foot off of the gas pedal
unless it is a very slow and easy release. To test the unit use a rubber hose connected to the
CBYV and suck on the end of the hose. When you have sucked as much air out of the CBV as
you can, stick the tip of your tongue in the end of the hose. Wait a minute and see it it holds the
vacuum. If it doesn' hold vacuum, it has a bad diaphram and needs replacement.

Mitsubishi Turbo Note. [Inquiry] Does my '89 740 Turbo Wagon with Mitsubishi turbo have this
“check valve"? | know it has a "valve" on the turbo (Bypass valve) but I'm assuming that there's
also supposed to be a vacuum check valve on the line between that bypass valve and where it
connects to the intake manifold? [Response: John Armero] The Mitsubishi turbos on the late
700 cars do not have the "vacuum check valve".

Replacement Diaphragms for CBV. Various turbo rebuilders carry the diaphragm repair kits for
reasonable prices. Check Rick Banas at D&W Diesel (r.banas@dwdiesel.com) at 800-824-0151
for Mitsu diaphragms and some Garretts. Mitsu made several types and the year of the car
manufacture mattered. Says he sells a lot of them, below retail, but its still pricey.

Turbo Oil Cooler Maintenance.

1. Aluminum Heat Exchanger (Radiator). [Tip] My oil
cooler by the radiator sprang a leak on my 91 940
turbo. The top and bottom brackets are rusty
(unusual) and when | undid the bolts | found that the
bottom (aluminium) leg of the replacement cooler Oil Cooler Behind Filter
disintegrated. The top legs were also starting to
show signs of aluminium corrosion!!! This is due (I
think) to contact between the alloy and steel brackets
and a poor paint finish on the steel brackets. Both
sets of brackets are showing 100% rust coverage
and both bottom brackets are rusted into holes! So:
check them, paint them and introduce something to
stop the action between the 2 metals. [Editor] Check
all hoses as well.




2. Coolant Heat Exchanger by Oil Filter. [Tip] Replace the coolant hoses (see photo to the right)

at the first sign of swelling, since they are exposed to oil dripping from the filter above. Use
Volvo OEM hoses from the dealer, not aftermarket or old heater hose stock.

Turbo Model Identification. [Inquiry] Which turbo unit do | have: Garrett or Mitsubishi?
[Response: Jim McDonald] The most obvious difference between brands is that the Misubishi
has a large "hose clamp" holding it into the exhaust manifold. The Garrett has bolts. You'll also
notice the Mitsu has the blow-off actuator on the turbo, rather than in-line. [Justus/Josh Sawka:]
Look at the markings on the turbo. a Garrett will have a tag in it about 1" x .5" and the Mitsu has
the little tri-star Mitsu icon on it. Garrett has the emboldened words "Air Research" wrapping
around the fresh air compressor side. [Roguls:] Volvo used a Garrett T25 turbo on 90+ 740s.
Garrett T25 also had an integrated cbv, just like the Mitsu. To identify the specific model, there
should be a nameplate on the body of the turbo identifying the model number. See also the
photo file showing various models. FCPGroton has illustrated diagrams of turbo configurations:

FCPGroton.

Troubleshooting:

Excess Crankcase Pressure in B230FT. [Inquiry:] There seems to be excessive crankcase
pressure in my engine (B230FT) I've checked the ventilator under the intake manifold, it is not
plugged. Is this the only relief the engine gets from the pressure buildup. What is causing this
pressure, the only reason that comes to mind is bad rings. From reading postings it seems that
a negative pressure is the norm.

[Response:] | have seen plugged oil traps. Make sure that the oil trap isn't plugged by blowing
through it with the oil cap off. Hook a hose to the oil trap where the flame trap goes. Any
compression loss into the head or crankcase will cause excessive pressure. [Response 2:]
Excessive crankcase pressure is often the result of bad/worn piston rings, or worse; broken
piston ring lands (ring lands is the part between piston ring cutouts on the piston). The main
reason of this fault is detonation/knocking... To diagnose this problem; take a dynamic
combustion pressure check.

Turbo Oil Breather Box Notes: See the link for more detailed information. Also see Michael

Ponte's excellent description and illustration at http://www.mikeponte.com/volvo/oiltrap.htm

Turbo Performance Problems: Basic Diagnhostics [Symptoms:] 740T experienced a number
of problems: occasionally hard to start, with intermittent rough idle and stalling out; frequent
stumble under boost once motor was warm; lack of power. On a cold start, it ran flawlessly, but
| never run much boost on a cold motor, so | don't know if it would have stumbled under boost
when cold. Despite many Fl and ignition components being checked or replaced, the problem
continued. Everything had been checked out or replaced (fuel pumps, relays, ignition system,
ECU, etc).


http://www.fcpgroton.com/volvo700900turbo.htm
http://www.mikeponte.com/volvo/oiltrap.htm

Various Vacuum or Intake Hose Leaks:

[Response 1:] The problem turned out to be caused by a VACUUM LEAK in a rubber tube under
the intake manifold. The tube only leaked when it was hot, and subject to vibration/movement of
the motor. My mechanic has been elevated to "saint of motors.” The bright side is we now
have all new ignition, wires, ECU, fuel pumps, etc. There is a moral here: "Go ahead and get
your hands dirty...really dirty." Unless you know the car's history fully, remove every rubber
hose and inspect it closely, even if they are hidden below the intake manifold and throttle body
(yes Virginia, that may be a very oily area). A minor vacuum leak there seems to have major
consequences with the injection system. The way-high boost TB guys have already found that
the main boost hoses can give out and cause poor driveability. |1 am here to tell you that even
with stock boost getting to the local grocery store can be risky if the various minor vacuum
hoses develop hidden cracks. [Tip from Chris deCourcy-Bower] If you notice low turbo
pressure, reduced performance, hissing noise when accelerating, then check for a split or de-
laminating hose. Check ALL of them including the short piece where the air leaves the
intercooler. If it turns out to be a damaged intercooler you will need to visit the junk yard. They
are not cheap. See the discussion in Special Tools about a homemade leak tester for the intake

system.

[Response 2:] | had a poor driveability problem with my 87 760t on take off. Turned out to be a
vacuum leak on the big hose from the air box to the intercooler.....and a big dent in the
pocketbook since the thing is a preform with a couple other hoses molded into it......$130 or so. |
just replace all the vacuum hoses every 5 years or so.

[Response 3: John Sargent] The turbo on our third 740T was not putting out enough boost. |
used a pressure gauge (installed with a tee fitting under the dash) to verify what the boost
gauge was telling me, the level of boost was too low, about 1.0 to 1.5 psi. | checked all of the
hoses from the turbo on, but all were okay. The turbo spun well and did not contact the housing,
and it was quiet. The car seemed to drive fine, and seat of the pants performance was okay, but
less than the other cars which have the Turbo Plus. There was no black smoke to indicate a too
rich mixture caused by a leak after the AMM. The wategate was connected, and not seized. The
catalytic convertor was not plugged. It didn't make sense, everything to check was fine, but the
boost was still too low. Finally | pulled the rubber line that connects the intake manifold to the
boost gauge, and blew on it. Well, you have probably guessed that the rubber line had a hole in
it where it passes under the intake manifold. The hole would mostly seal itself under vacuum,
but would go wide open under pressure. That was the cheapest turbo overhaul I've done!
Always be sure of your tests, and don't jump to conclusions. [Ernest Smith] When my turbo
stumbled under boost, my mechanic first put the complete intake under pressure. He found a

couple of bad gaskets at the BOV valve, and made new ones to fit.

Tips for Checking Intake Hoses. [Randy Starkie] | had one intake hose leak that | couldn't find
until I applied 15psi of compressed air on the end of the hose that connects to the turbo. | made
a plug of the correct size and added a Schrader (tire) valve for this test. The plug | use is the
cap off of a master cylinder that has a schrader valve in it for flushing the brake systems on my
cars. Put the plug in the hose after disconnecting it from the turbo and apply the air. Listen for
the leak. Splits are hard to find sometimes without simulating boost with compressed air. [Tip] A
crack in a hose may only show up under boost. | found a leak in a guy's hose by having him sit
in the car with all brakes on full and in drive. | opened up the throttle under the hood till it was



making boost. | could then hear a leak in one of the hoses. See Special Tools for a simple
pressure tester design.

Noise and Whining:

[Inquiry:] I'm getting a whine that sounds like a vaccum leak which comes and goes with the
turbo. When the turbo kicks in the sound increases incrementally with the increase in boost.
Cannot find a leak in any lines, any suggestions. Turbo is still performing and no loss in pickup.
[Response: John Sargent] My wife's 86 745T made that sound when the small line to the waste
gate came off. The other problem was way too much boost. Check the line. If you have the
Turbo+ kit, there will be a tee fitting in the line which connects to the Turbo+ solenoid valve
mounted at the front of the air filter. [Response: Abe Crombie] You should also look at the
bypass valve. It is the valve on the bracket forward of exhaust manifold. It is plumbed into the
turbo outlet hose and the turbo inlet hose. There is a gasket between the valve and the bracket
that holds it and the bolts are notorious for loosening and letting the gasket go away.

Low Oil Pressure. See Oil Pump: Wear and Replacement for more information.

Turbo Blows Black Smoke; Poor Acceleration; Hesitation. [Inquiry:] While my 740T used to
have great pick up with the Turbo engine, now when | push down on the gas pedal, black smoke
comes out the exhaust pipe and it feels like the car is dragging or being pulled back and it stops
accelerating. One of the hoses between the turbo and engine has oil in it. Any ideas? [More
Symptoms:] On acceleration under turbo boost, the car will lose power and may have black
smoke coming out of the tailpipe. [Response: David Tidaback]

Background. This problem may not occur every time it accelerates, but will usually be worse on
harder acceleration. The car will run just fine under all other conditions. Initial testing of engine
and tuning basics will show everything adjusted and functioning just fine - no problems. Cars
manufactured in 1990 and later may output a generic fuel mixture fault code such as 113 or 231,
but the MIL will usually not be activated. To understand the cause of this strange behavior, it is
first necessary to understand how the fuel mixture control system works. The Bosch LH-Jetronic
system (LH 2.1in 1984, LH 2.2 1985-1989, and LH 2.4 in 1990 and later cars) uses a hot-wire
mass-airflow sensor to meter intake air. This sensor is positioned in the intake hose of the
turbocharger so that air is metered as it is drawn into the turbo. This means that any loss of air
after the turbo will not register at the LH-Jetronic control unit. It will still be adjusting injector
duration on the basis of information from the mass-airflow sensor, on the inlet side of the turbo.
Test and Fix. On these cars, it is necessary to carefully check for intake air leaks under
pressure between the turbo outlet and the engine. Very often, such leaks will be the result of
cracked intake boots or stripped hose clamps that will not show any leakage with the usual tests
using propane or brake cleaner with the engine running at idle, with vacuum on the intake
system. The system must be pressurized to show leakage (see also Randy Starkie's cheapie
intake system pressure tester below).. The greater the degree of leakage, the richer the system
will go under turbo boost. One additional note regarding this problem: Testing with the greatest
care may not show any leaks, or the leaks may be repaired and the problem will be
unchanged. Another failure that can give exactly the same malfunction symptoms is a fuel




pressure regulator that sticks shut with pressure on the vacuum line from the intake manifold,
increasing the pressure to the injectors to full pump pressure, which is near 100 psi. To
determine if the pressure regulator is malfunctioning, monitor fuel pressure under boost.
[Another Response:] Check the hoses and fittings to and around the turbo to be sure none are
loose or have leaks, including the turbo compressor inlet hose. This can cause poor
acceleration or running rich. The breather box on the intake side of the engine which is hard to
get at, if clogged can cause the turbo to blow oil through its seals. If the turbo has lots of miles
on it you may have a bad turbo which is blowing oil also. Don't drive with the turbo blowing oil as
it will clog the cat converter! When the engine is cold you can take the rubber hose off the intake
side of the turbo and see if the shaft has excessive play, or is frozen.

Turbo Blows Smoke: Overfill Oil. | have received several messages from Volvo neophytes
relating the same or similar stories: "l went to the quickie lube, where they proceeded to overfill
my Turbo-engine oil by [1-2-3] quarts. Just after | started up and drove out, thick clouds of blue/
black smoke came out the tailpipe. Now my mechanic says | need a new turbo. What gives?"

| am not exactly sure how to diagnose this, but let me throw out a couple of hypotheses for
comment:

1. It would appear that anything restricting the turbo oil drain would cause the unit to overfill and
blow oil into the exhaust pipe. If the car were seriously overfilled with oil, this may have an effect
on crankcase ventilation, probably starting at the oil breather box drain. So overfilling might clog
the breather box, interfere with crankcase ventilation, stop the oil drainage from the turbo, cause
the turbo to overfill, and allow this extra oil to be forced out past the turbo seals.

2. Similar hypothesis but the unrelieved blowby increases the oil pumped to the turbo and not
drained, causing excess oil in the turbo, increasing crankcase pressure, and forcing this oil out
the exhaust.

If either of these are correct, then fixing the problem merely means draining the olil, replacing
with the correct amount, and cleaning the crankcase breather system. Oil burning should then
stop at once. Why would the turbo unit be damaged? If indeed it was damaged at all (another
dealer boat payment due?) Thoughts?

[Response: Abe Crombie] The seals used in turbos are a single piston ring type seal and a
labytrinth seal system. The labyrinth deal is simply slinger washers in a cavity through which the
oil would have to travel against centrifugal force to leak out. If you overfill engine the oil is
restricted in draining back to the hole in side of block because the hole is now covered by oll
being splashed up into the drain tube. With no easy path to drain the oil out of the piston ring
seal area the oil can be passed through both the intake housing seal and the exhaust housing
seal. The flame trap/crankcase breather system being plugged has similar results. [Response:
Jim Stephenson] | believe this is the answer. My turbo was overfilled and would blow clouds of
smoke. The oil was being burped up through the breather box and would run in to the turbo.
Under heavy boost it would drag the turbo impeller down and shortly after that a BIG cloud of
white smoke would billow out the back. After | changed the oil no more problems. But what a
mess!!! [Response: Rob Bareiss] This experience shouldn't result in a damaged turbo.
Mechanical parts don't usually fail due to TOO MUCH oil... The turbo might not pump oil very
efficiently, and it could conceivably do something strange if a lot of oil hit the vanes as it was
spinning at a high speed, but they're pretty tough little units. | could see damage to a catalytic
converter resulting from this. [Contrary Opinion: John O] I've rebuilt my original turbo using IPD's



kit and there's a direct oil feed line running line pressure directly into the turbo unit, which then
feeds the bearings. The only thing that keeps the oil in there are the seals. I've honestly never
seen this happen, but | think it's possible that if too much pressure got to those seals, maybe
one blew out, like the exhaust side? [Response: Dick] You may have messed up the O2 sensor
at this point which will generally cause lots of black smoke, at least in my experience.

Slow Throttle Response After Turbo Replaced; Diagnosis. [Inquiry:] Told that my turbo was
indeed in a sad state, | opted to have it rebuilt, figuring I'd save some cash. BUT, when | got it
back | noticed that the car was slower. | couldn't peel out if my life depended on it. | later found
that the turbo was set very conservatively at 5.5 psi, apparently, it was sent out of town to be
rebuilt, and the wastegate came back set low. The stock is (or so | have read) 7.5 psi, so | had it
pumped up to 8.0, and it hasn't helped. The car is still slower than when | sent it in. When |
accelerate the turbo spins all the way up past 2000 rpm, like it used to, but doesn't seem to give
any boost until about 2500, at least nothing you can feel. If | start at the bottom of a hill from a
dead stop and punch it to the floor, | find myself creeping uphill at a measly 10 miles an hour
with the turbo spinning like mad at 2000, and suddenly | am squished into my seat at 2500.
Does anyone know what could be causing this delay between the spinning up of the turbo and
the acceleration boost it provides? [Response 1: Kevin] | was told by a very reliable source
(Garrett) that the reason for a slower car with a new turbo is as follows. The old turbo probably
had a lot of play, slop in the bearings, enabling it to spin up very fast, had you been running
higher than stock boost, say 12psi, you probably would have noticed poor performance at the
top end bacause of the slop. The new turbo is nice and tight, and there is not nearly as much
slop, therefore it takes longer to reach boost, tatke it on a long fast trip, thats what I did. | was
told that a turbos bearings have to "break in" just like any other engine component. On the way
there go 65, on the way back you'll be going 120 uphill. [Response 2: Hunter] | had the same
problem. My problem started one day when | was coming home and | had boost one second
and the next it was gone. It was like driving a GEQO! It turned out that the actuator rod cotter pin
had fallen out. My wastegate rod was just sitting there. | attached the rod back onto the bolt and
put in a new cotter pin. It solved the problem. Just reach under the turbo and feel, or climb under
the car and see if the rod has come off. If this is not the case it is your wastegate, or vacuums.
Check all vacuums to the wastegate. You can remove the vacuum from the wastegate and plug
it temporarily with a screw. Then try driving it, be very careful with boost. It could be the APC
module. My problem started one day when | was coming home and | had boost one second and
the next it was gone. It was like driving a friggin GEQO!

Lack of Turbo Boost. [Problem: Lack of Turbo Boost.] Thanks to Steve, Paul, George, Doug
and Robert for giving me the help in troubleshooting my lack of Turbo Boost.

The Turbo itself spins smooth and there is virtually no end or lateral play. The Oil Accumulator
that has been on this thing since day one. The tests made with the new boost gauge placed in-
line before and then after the throttle plate confirmed the problem and it was seconded by the
removing of the plug in the catalytic converter housing. The cat is plugged tighter than a crab's
ass. So now | need a new cat and with that new pipes.



[Another comment:] That's exactly how | got my turbo wagon cheap -- the PO had a new turbo
installed (lucky me!) and then, 5000 miles later, it wouldn't go into boost. She thought the new
turbo was toast and junked the car in frustration. [Another comment:] | am experiencing similar
problems with no turbo boost on my 83 240T. When | bought the car, the turbo was leaking oil
like a sieve. | replaced it, and boost was a little better, but just a little. All the other usual things
were done such as new plugs, wires, filter, vacuum lines, etc. Still barely getting boost. After
reading the posts on BrickBoard, | began to suspect the catalytic converter. | removed the test
plug and noticed a lot of pressure from the opening. Drove around for about a mile without the
plug, and had a little more boost. | then had car checked a reputable independent Volvo garage,
and they confirmed that cat was so plugged it almost "broke their gauge".[More diagnostic
comments:] Before you get too carried away, note that at steady state - i.e., constant speed on
level ground at 3K in second gear, there will be relatively little boost measured at the
MANIFOLD. If you are measuring the boost on the high side of the throttle plate, then it is likely
that you have a problem. But if you are measuring the MANIFOLD pressure, then try starting at
3K and flooring it. You should see the boost climb to ~8.5psi until you pass 3700 rpm. Then the
boost should jump to about 10.5 psi as the IBS valve opens. IF the boost does not climb smartly
and jump quickly at 3700 while you have your foot to the floor, then you have either an intake
obstruction, turbo going south, stuck/broken waste gate or waste gate controller, or clogged cat.

Remove the plug at the top of the car, just behind the turbo exhaust housing. Try it again. A
noticeable difference indicates clogged cat. No difference indicates turbo, waste gate, or intake
plumbing obstruction. Remove intake line from front end of turbo. Use your fingers to wiggle
turbo shaft and spin it. Should spin freely and smoothly, there should be SOME lateral play, but
NO contact by impellers on housing.

Turbo Overboost. [Inquiry:] Today | experienced something strange, the turbo seemed to be
overboosting. | was on the freeway and accelerated to pass another car, it felt as though | had
gained 50 more HP. | looked at the boost gauge and the needle was past the end of the boost
indicator. Worried | would toast something or send parts flying, | kept off the accelerator for the
most part. It definitely felt and acted like the turbo was working overtime. The car was parked for
about two hours, and did not misbehave again. | have no idea what my boost pressure is
running, but my last gas mileage check was at about 21mpg(mixed hwy/city driving). Anyone
have any suggestions on what to expect next, where to look, what to do? [Response:] Check to
see if the actuator hose is split or broken off. That will not allow the actuator to open the
wastegate, causing the overboost.

Turbo Loses Performance under Boost. [Inquiry:] In my 760 with turbo and intercooler, when
trying to accelerate quickly or when driving up a large hill I lose performance the more gas |
give it and it blows black smoke out the back. The turbo needle is about at 11:00 when this
starts and never seems to get past 12:00. | have not been able to get more that 4000 RPM's
out of this car at all except maybe in park. [Response:] Find the leak in the pressure side of the
turbo. Mine happened to be in the bypass valve...allen screws back out. It could also be a
leaky hose or clamp or leak/hole in the intercooler ...somewhere your engine isn't getting all the
air being blown into it and your dash gauge is showing it! The AMM thinks 9 Ibs of boost is being
fed to the engine and gives the ECU/Injectors the fuel...since a lot less than boost is getting to



the engine, you blow black smoke/overfuel. Could also be fuel pressure regulator, but unlikely
since it idles, apparently. [Woody Sulloway] My engine was cutting out when the turbo was over
50% boost. As the boost increased the car began to surge- almost like a prolonged miss;
accelerate, bog momentarily, accelerate, bog momentarily in a rather rapid sequence. It turned
out that a rotten AMM-to-turbo inlet hose was collapsing under high vacuum, limiting air flow into
the turbo. [HenryC] In my case, the hose from the AMM to the turbo inlet was soft and had a
small rip in it. The turbo sucks air in through this hose, so it is in vacuum all the time. As a result,
the mixture was lean as well as constrained by air flow.

Diagnosing Intake System Leaks. [Tip from Randy Starkie] If you take a plug of the correct size-
the inside diameter of the turbo hose- and install a schrader valve you can use compressed air
to check for leaks in the system. | use a master cylinder cap with a schrader tire valve to bleed
my brakes using a bicycle pump. Turns out the cap is the correct size for the turbo outlet hose. |
use a hose clamp around the outlet hose and turn my regulator on my air compresser down to
15psi. | use that to pressurize the system and the leaks are then apparent. | find leaks | miss
with visual inspection.

740T Has Weird Deceleration; Anti-Stall Valve Hose. [Symptoms:] Our '87 740 turbo has
recently begun behaving very strange. Acceleration is fine, normal running is fine, but if you lift
off the throttle after acceleration (with boost), the car jerks once and a "hiss" can be heard from
the engine. [Response: John Binford] '87 7xxT's had an anticompressor stall valve......about a
foot beyond the turbo, close to the fan. If the hose to the valve is off, it won't release and you'll
get compressor stall and maybe the excess pressure can 'hiss' somewhere. The diaphragm in
the valve can also die/hole, in which case it won't release either. Check the valve for proper
hose to it and operation.

No-Hot-Restart Problem: Boost Overpressure Switch Failure. [Dan Ridenour] The Boost
Overpressure Switch is “normally closed” and is designed to “open” if the turbo-boost pressure
exceeds some preset limit. This function is designed to protect the engine from a runaway turbo
or a stuck waste-gate. On my 1988 760 Wagon, the boost overpressure switch is mounted in
the engine compartment, on the right front strut tower, and is effectively “just above” the turbo.
High underhood temperatures can cause this switch to fail and shut the engine down. To
confirm switch failure, disconnect the waste-gate controller and wire the waste-gate fully open,
effectively disengaging the turbo. Then short the boost overpressure switch. If the car starts
while hot and runs without incident, then you've found the source of your hot-restart problem.
Don't drive the car this way as you may overboost the engine.

Compressor Bypass Valve Diaphragm. [Inquiry] My Mitsu TD-
04 with integrated CBV has a torn CBV diaphragm, but no one




carries a replacement. Volvo will sell me a $300 rebuild kit with Mitsu CBV Diaphragm
the CBV included but the parts stores don't have a clue about Interface

selling just the diaphragm. The rice shops want to sell me a
$200 Blow Off Valve that | don't want. Where can | get a NEW
CBYV diaphragm? [Responses:]

Replacement Diaphragms for CBV. Various turbo rebuilders
carry the diaphragm repair kits for reasonable prices. Check Rick Banas at D&W Diesel (r.
banas@dwdiesel.com) for Mitsu diaphragms and some Garretts.

Turbo Has Power Loss and Cherry Manifold: Knock Sensor. [Inquiry:] My 740t intermittently
looses power and the exhaust manifold turns bright red. | don't know if the two are related but
when the car was in the loss power mode | opened the hood one night to check for arcing wires
and | noticed the manifold glowing. [Response: Abe Crombie] Those are the symptoms of a
knock sensor problem. The knock sensor may be bad but more likely the connector is the
problem. When the ignition control unit detects no input from sensor the timing is retarded
which is the safety from excessive spark knock but this does make engine power suffer and the
delayed timing sends exhaust gas temp skyward.

Lubrication:

Normal Oil Consumption for Turbo. [Inquiry:] What is the normal oil consumption for a turbo
engine? [Response 1:] Based on a highly non-significant sample size of 2: my friend with a 245
Turbo says that he levelled out at one quart per 2,000 miles, and that this rate of consumption
remained the same from 80,000 miles until he sold the car at 150,000-plus miles. This is the
same rate of consumption as my 744 Turbo with 91,000 miles, so | say that 2,000 miles per
quart is healthy for a Turbo motor. [Response 2:] My 87 764T w/187k miles uses zero quarts
amsoil synthetic 20W/50 in 10,000 miles, | change the oil and AMSOIL ASF-42 filter every
10,000 miles. My 90 744T w/83k miles uses zero quarts amsoil synthetic 20W/50 in 10,000
miles, | change the oil and AMSOIL ASF-42 filter every 10,000 miles.

| also ran a spectrometric oil analysis comparison on wear metals using dino oil at 3,000 mile
change intervals and oil samples with synthetic every 3,000 miles to the 10k oil change interval |
have settled on. On my engines, the dino oil accumulated more wear metals, had lower residual
alkalinity (total base number or TBN for any lube engineers out there), and increased it's original
SAE rating by 5-10 points with regard to the synthetic at 10,000 miles. The only reason | change
the synthetic at 10Kk is that | do get carbon particulates (soot) buildup to .5%, the buildup curve
turns the corner at around 10-11k (it runs 0-0.4% for the first 8-10k but then climbs quickly...I
chose to dump at .5%----BTW, this stuff is so fine that a micron bypass filter won't clear it out
past 15k...I've tried AMSOIL bypass filter and while it clears the oil it won't take out the soot.) |
believe the soot/carbon particulate buildup is characteristic of the turbo gas engines, inasmuch
as my experience is duplicated on my Saab 900t, both the 84T (RIP) and the current 87 900T. |
have no experience with turbo diesel engines, but maybe their soot particulate size is somewhat
larger than gas engines.

That's not to say either engine has NOT used oil....but when they do, | have invariably found the



problem to be an oil LEAK, front or rear main or cam cover gasket. Once the 740t leaked at the
turbo oil return gasket at the block and also at the oil filter adaptor. Have also had oil leaks at
the distributor on the rear of the hear....but all fixed relatively cheaply with Volvo O-rings. Point
is these engines are really good on oil control IMHO.....but they are also b!*&hing leakers!
[Response 3:] my '87 740T with 178,000 miles runs on dino oil. Lately the oil consumption has
been 1 quart in about 2700 miles. Since | usually change the oil at 3000 miles, | don't bother
adding the oil. | have been just changing instead. Can't tell you anything on how much my '88
740T consumes. It has been a leaker since | bought it last spring. The oil return pipe from the
turbo leaks at the block. Maybe 1 quart in 400 miles. | can see it leaking and dripping when the
engine runs. Just recently cleaned the throttle body and crankcase vent system. Maybe this will
help the problem. If not, | will have to repair the leak with a new o-ring. OTOH, with all that oil
dripping and blowing under the car while driving, a good part of my undercarriage is coated with
oil, it will never rust.

[Response 4:] My (brief) experience has been 0 quart consumption. | run Mobil-1 10W30 on my
1992 944T with about 80k km (50k mi).

[Response 5:] My wife's '91 940 Turbowagon that has 102,000 miles on it goes through a quart
of Castrol Synthetic 10W-30 every 2000 miles. This number seems to coincide with what you
have stated. The Turbowagon is in mint condition without a single spot of oil leak on the garage
floor. | have pulled all the plugs to check their condition and there is no evidence of oil in the
combustion chamber. The exhaust pipe is also quite clear without any residue or smell of
burned oil. | am just amazed with this 940 Turbowagon and the ride fells like new.

[Response 6:] | change my synthetic oil as close to every 3k as | can. The longest interval was
just over 5k. I'm not into the turbo a lot, generally | nail it once a day getting on to the highway.
This is an '84 with 160k and it uses no oil worth writing home about. Honest.

See below for more information about oil leaks and consumption in turbo engines.

Oil in the Intercooler. [Inquiry:] When changing my radiator (91 940 137,000 miles and new
to me)l noticed black oil in the air hose from the turbo to the intercooler. Is this normal? Or do |
have problems? [Response: RandyS] It's normal, don't sweat it! Unless it spewed out a quart,
I'd say you are doing OK.

Turbo, Drain Line, and Cooler Oil Leaks. [Inquiry:] 740T leaks oil out the oil filter adapter and
turbo return line

Flametrap and Crankcase Pressure:
[Gary DeFrancesco:] Before going too crazy, make sure you have good crank case ventilation.

See the extensive discussion of this at Excess Crankcase Pressure and below under Extended
Boost and Oil Consumption.

Sources of Leaks:

[Tips from Gary DiFrancesco] Turbo cars do have some common leak points when the age and



mileage build up. There are two places | would check right off. First check the oil return pipe
going between the turbo center section and the block. Where the pipe goes into the block, the o-
ring at this junction can and will break down and oil will blow out here (even with good crank
ventilation) and run down the side of the block. The other leak point is from the oil cooler
adaptor. You know about the o-ring between the adaptor and the block, but there is another o-
ring in the adaptor assembly. One or both of these o-rings will also start to leak eventually.

[Inquiry:] | have a 88 760 Turbo with 226,000KM on it, losing oil. | am going to look at it this
weekend and would appreciate any suggestions on what tends to leak most on these engines. |
don't really notice any oil onthe driveway from where | park and it doesn't seem to burn oil. .
[Response from Michael Jue:] Qil leaks on B230FT can be due to any or all of the following:

. Oil blowby due to worn valve seals OR clogged flametrap housing (no actual flametrap,
just the housing - part of the EGR system; located directly beneath #2 & #3 intake
runners. A real knuckle buster.)

. Oil leaking (weeping) from oil filler cap - Either bad gasket on cap and/or clogged
flametrap housing. The clogged flametrap creates high crankcase pressure forcing oil by
the gasket.)

. Oil leakage past turbo bearings - a fairly likely cause at 226k Km; imperceptible in
exhaust (absence of blue smoke).

Rear main seal - not as likely but possible (changed mine twice in 255k miles); check for
inordinate build-up of oil on transmission. See below under Extended Boost and Oil
Consumption.

Front engine seals (cam, crank, idler) - pull the top half cam cover and inspect timing belt
for oiling; change if any sign of oil contamination and replace the seals at the same time.
(Recommend changing them as a complete set with your timing belt change as the belt
must come off for replacement of any of the seals anyhow.)

. The old oil filter gasket was left on the oil filter adapter *face* when installing a new oil
filter.

[Christopher Rowat:] One other possibility for oil leaks is the oil filter adapter gasket, a
little O ring that seals the oil filter adapter to the block.

[Dick Riess] The engine oil dipstick tube o-ring, where it mounts into the block, can falil
and allow blowby to carry oil past the tube onto the surrounding block.

Oil Cooler Adapter Oil Leak Repair:

[Responses:] There are two oil cooler systems used on turbo units: the earlier radiator-style
with pipes from the oil cooler adapter (740s), and the later can style mounted just ahead of the
oil filter with no radiator and hoses to the block (940s). The oil cooler adaptor has 2 large o-rings
(one between the block and adaptor and the other between the adaptor and the oil cooler unit)
that compress and get hard with age. They can leak. The o-rings cost about $2.00 each but are
a bit of a PITA to replace. You have to remove the whole adaptor. You will need two large
sockets: 32mm (preferably 12-point) for the bolt that holds the adaptor to the block, and a deep
29mm or 1-1/8 inch for the nut that holds the thermostat unit to the adaptor unit. There are two
ways to accomplish this. (1) You can remove the power steering pump from its mounting
bracket. The pump can be left in the car, just remove it from the bracket. This will allow you to
move the pump out of the way so that you can get a socket on the big 32mm bolt that holds the



adaptor on the engine. Once off, the two parts of the adaptor are separated with the removal of
the big nut just below where the oil filter screws on. If you have the early style oil cooler
mounted near the radiator with pipes to the adapter, make sure you mark the adapter
parts so that you can reassemble everything in the same orientation. Replace the two o-
rings (using some grease or silicone RTV to hold them in place) and put everything back
together. [Lars] When you insert the new O-ring in the groove, try to "reverse-roll" it a bit so it
sits in place while mounting. Make sure when you reassemble the cooler that you leave
clearance for the turbo oil return pipe right next to it. (2) [Scott] Removing the entire right hand
motormount and wheel allows easy access;the job took around 1.5 hours including changing the
oil and doing some clean up. | recommend cleaning these areas before attempting this job to
keep any dirt out of critical areas. | placed a wood block at the point that the power steering
pump mounts to the block and used an old screw jack to lift the engine up enough to remove the
entire mount assembly.

Oil Cooler Lines to External Cooler (Early style). [Norm Cook] Note that the cooler lines require
22mm wrench; 7/8" will work but it is .23mm or .009" larger than 22mm. It's useful to have 2
wrenches for this job. | found it easier to thread the fittings into alum filter base and then connect
lines. Again, make sure you mark the orientation of all parts prior to disassembly.

Some useful part numbers for various parts in the oil cooler (both early and late style parts
noted), thanks to Norm Cook:

. Oil filter aluminum threaded filter base: 1276680 (early)

. Aluminum base to block: 1346618 (both early and late)

. Oil cooler can 3507371 (late)

. Green o-rings 967343- one goes between the cooler adaptor and the right-angle adaptor (early);
the other goes between the right-angle adaptor and the engine block (both)

. Copper washer 3531702- goes under the bolt that holds the right-angle adaptor to the block
(both)

. (2) black o-rings 925093 (early)

. Black o-ring 3547188 -goes between oil cooler can and adapter (late)

« Aluminum crush washer 957189- placed under the banjo bolt screwed into the block (early)

« (2) Aluminum crush washers 957179- placed under the fittings into which the pipes enter (early)

. Steel washer 824589- placed under the nut that threads down the shaft onto which the filter
goes. This washer is re-usable. (early)

. Coolant hoses 9161383 and 9161384- connected between block and oil cooler can (late)

Oil Return Line O-Ring Leak Repair:

Diagnosis. [Various Contributors: John Sargent, Gary DeFrancesco,Paul Seminara, Don Foste,
Ryan M, Dick Riess] The leak in the turbo oil return line is due to a failed o-ring. The oil return
pipe in the turbo will start to leak where it enters the block. The return pipe just sits in the block
against a rubber gasket/washer and seals through a press fit. .It must be properly centered and
seated in the block recess. Make sure that the oil cooler is not preventing this pipe from seating
fully. If the cooler is rotated, the pipe will be pushed out. Before doing any repair, get the correct
O-ring and fibre gasket for the top end. The proper seal is red; approximate dimensions are
4mm thick, 19mm ID, 25mm OD, to fit the 20mm OD oil tube where the seal slips over.



Sometimes dealer techs will shortcut the turbo return line O-ring installation by using silicone
sealant slopped around the return line and the block instead of replacing the seal; this silicone
eventually fails.

Before attacking the turbo oil return line leak, check your crank case ventilation. If the ventilation
system is not working perfectly, the pressure build up can force oil out the turbo oil return o-ring.
Replacing the o-ring may not solve the leak entirely, so fix the ventilation first. Once fixed, you
may find the leak is gone or at least greatly reduced.

Repair: Removing the Drain Line. Replacing it can be a real PITA on earlier Garrett-equipped
cars. On a Garrett turbo, you may have to loosen the turbo from the manifold (4 nuts) and pull
away slightly. This gives a little more play. You may also need to loosen coolant lines and oll
line at top to do it completely. Or, remove the oil filter adapter to make room to install the oil
return line (good opportunity to change the o-ring between the adapter and the block.) When
doing a turbo replacement, bolt the exhaust manifold up loosely, and THEN install the drain tube
to engine block and drain tube to turbo lightly. Torque up the manifold and then tighten the turbo
drain gasket bolts. Replacing the gasket/O ring with the turbo bolted down tightly can be done
but it's a close thing. The bolts on the turbo end, including the wastegate actuator, can be sticky
and there is not much room to work. Always use lots of PBlaster and a six point socket on stuck
bolts. If you are unsuccessful in removing the two screws/bolts that hold this pipe to the turbo
center section, the only other way to replace this o-ring is to remove the exhaust manifold/turbo
assembly. With a Mitsu turbo, remove one bolt holding the wastegate valve at the front and the
cotter pin holding the wastegate actuator rod, drop the wastegate to one side, and remove the
two oil pipe bolts at the turbo.

Once off, clean up the parts.

Repair: Seal Installation. The proper way is to remove the pipe from the turbo center section and
replace the old seal at the bottom and the fibre gasket at the top. Put a little grease on the o-ring
to help it go back into the block. If the pipe is not inserted into the block properly, it will leak
again. The pipe doesn't really sit against a gasket on the block. The O-ring, mounted on the pipe
BELOW the ridge, fits INTO a hole in the block (and can get distorted, bent, cut, skewed,
screwed, blued, and tattooed) in the process. Be very careful getting it back in with new seal - it
is easy to pinch the new seal even after lubing with synthetic grease. | usually keep an extra
seal in my tool box in case | pinch one during install. Maneuvering the turbo, pipe, and O-ring
into position can be a challenge. If you have problems attaining a good seal, Here are three
thoughts:

. The O-ring may have gotten cut during installation. Even a nick can let oil seep out.
. The O-ring might have peeled up over the ridge in the pipe.
. It might not be the correct O-ring -- too thin, so not squeezing into the block.

That tube is only a gravity-fed drain -- there's really no oil pressure there, so there's almost no
driving force to push oil out. O-rings get their sealing properties from the "squeeze" against
opposing surfaces. In this case, those surfaces are the tube and ID of the hole in the block. You
shouldn't need to push it down solid to achieve a seal. Now twist and turn it to get it to back into



position. (Probably want to practice this without the o-ring and gasket before actually doing it.) It
sets in the block against a square lip, which you can feel with your finger, and it needs to be
square and snug against this lip. And after the installation, use an inspection mirror and strong
light to check to make sure that it went in properly.

Turbo Oil Return Bolts. [Inquiry:] | removed the turbo oil return tube the other day to replace
gasket & seal. Got the parts, went to install them, now it seems the bolts that go into the turbo
are too long, they bottom out. [Response: Paul Kane] The bolts in that area LOOK the same -
but they ain't. Just a 1 or 2 thread difference can cause a 'bottom out'. You may have swapped
1 or 2 and didn't realize it.

Quick and Cheap Silicone Fix:

If you can't get the pipe out (since some previous grease monkey stripped the socket on one of
the cap screws on the turbo end), then you can always seal up the leak like | did. | completely
cleaned the area around where the pipe goes into the block. | used a strong degreaser to clean
the pipe and the surrounding area. | even used Q-tips soaked in degreaser to get inside where
the pipe goes into the block. | then used lacquer thinner to prepare the surface. Once everything
was surgically clean, | dried the area with a warm heat gun. | split the new washer so that it
could be placed around the pipe. The washer was coated with Permatex Ultra Blue silicone
sealant, and some of the sealant was also injected into where the pipe enters the block. The
coated washer was then pushed into this space and sealed into place with even more sealant. It
is a bit of a patch job, but it is working just fine. No leaks in the year since | did the job and it is
cheaper that screwing up the turbo. Before | fixed this leak, | was loosing a quart of oil in less
than 500 miles. Since the repair, | am estimating over 5000 miles per quart. Hard to tell for sure
since | change oil at 3000 mile intervals. Those are the leaks | am familiar with on the B230FT
engines. [Randy Starkie] | cleaned the joint at the oil return line and the block with lacquer
thinner, then sealed it with silicone sealant. It has lasted three years with no leaks.

Clean or Replace the Oil Return Line?

[Inquiry] One thing | haven't done to my car is clean the oil supply lines to the turbo. What is
the best thing to shove into the lines in order to really clean them well. [Response: Dick Riess] If
your turbo is under warranty, the warrantor will insist on a new supply line. Reason: coke can
chip off and destroy your bearings in the turbo. | really believe in buying a new supply line.
[Response: Hermann of Cherry Turbos] The chemicals, time and elbow grease needed to clean
the line out are no guarantee that all the coke inside the line is gone. Because the coke is so
brittle, it can crack and release just from a heat cycle. Ultrasound would actually be the only
"safe"” way to clean the coke out. Buy yourself some peace of mind and order the new line.

Extended Boost and Oil Consumption

[Report from JMars] My 89 745 TIC has had catastrophic oil losses twice. Both times happened
when the cruise control caused a downshift from OD and full boost for a time at 4000rpmz+ on a
long mountain upgrade. At neither time did the plugs foul - this is a key since the non fouling of
plugs told me that the oil lost did not pass thru the combustion chambers. It is impossible to burn
that much oil without fouling the plugs!!! Hence it was not a case of a bad head gasket, valve



seals, rings, turbo seals, or anything else that would have put oil thru the combustion chambers.
The solution: there is a small hose going from the intake manifold to the plastic fitting in the
large breather hose. Apparently it is there to vent the crankcase to the intake manifold when the
latter is under vacuum. There is NO PCV valve in the system. Apparently extended boost was
transferred through this hose to the crankcase. Oil puddled at the rear of the crankcase with 11
Ibs of pressure behind it leaked out the rear seal at higher rpm. So how do you fix this? A check
valve in the small manifold hose that lets fumes be sucked into the manifold but prevents
pressure to be passed into the crankcase: a simple PCV valve. A check of the PCV valve
display at your local AutoZone will will reveal a nice little black&white plastic jobbie (Deutsch #
PCV 161 - $3.99) with small barbed inlet/outlet tubes on it that will slip into the suspect hose
with no clamps needed. If you pick the wrong one it is no big deal as long as it fits and is
positioned the right way. Mine cost $3.99 and was installed in mere minutes by cutting the hose
and inserting the PC