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Opmas el‘ Ask for Literature No. AD/2.3 €) Industrial
: Weilding Max. Open- Amps Input at Rated Qutput, 60Mz Net
Stock Number Mode Rated Qutput Amperage Range | Circoit Vollage | 200V 230V 460V S75V KVA Kw Dimensions Weight
(#3503 126) DC/CV 300 A at 32 VDG, 12-32V 40 VDG 1035 90 45 20.7 136 H: 33'%%in (851 mm) 3701
20072301460 ¥ 50% Duty Cycle . w: 19!/4 in {489 mm} (168 kg)
{#903 127) DC/CC | 300 A at 32 vDC, 20-330 A 68 VDC 105 912 455 364 209 137 | D:27in {686 mm)
230/460/575V 50% Outy Cycle
AC 200 A at 28 VAC, 20-300 A 75 VAC 85 735 367 233 168 B2
40% Duty Cycle

Processes
s AC/DCStck (SMAW)
w DOAMEG {DC GMAW)
m Flux Cored (DC FCAW)
s ACDCTIG IGTAW)
with HIEF-251D-1 Are Starter

Performance CI[ans

When you need one welding machine that ean
handle just about any task, the Shopmaster™
answers the call. This compact power source
features simpiified operation, single-phase

power requirement and exceptional versatiliny,

And you don't have to sacrifice one [eature to
get another. The Shopmaster is designed to
give vou eventhing you want,

Here's a system that provides outstanding
constant voltage {CV) and constant current
{CC) arc characteristics for manual and semi-
automatic applications. With both AC and DC
output, the Shopmaster’s Ligh-end performance
adapts to light-industrial fabrication and
manufacturing. The rugged internal compo-
nents include a solid-state contacior and
contrals that vield a long service life, even in
high-cvele applications,

The Shopmaster has the range 1o be at home
in awide variety of situations. With its expan-
sive multiprocess capabilities, it’s ready for
any general repair or maintenance job. The
Shapmaster is a great vatue for farmers and
ranchers who never know what welding tasks
will turn up next. Its exceptional scope make
it a great machine for technical and vocational
training. Plus. the units small footprint saves
vitluable floor space in tight quarters.

Need a machinte that can grow to meet your
welding needs in the future? Add a HF-2510-|
portable high-frequency arc starter. and the
Shopmaster will deliver 200 amps of Square-
wave balanced AC output for exceptional TIG

performance. Other options allow vou ta
cusiomize the Shopmaster 1o the specific
welding tasks you have.

Features

» Simplified, easy-to-use front panel

= Three input voltage configuration

= Dual output terminals provide easv hook-
up and electrical isolation benveen the
welding processes

u Built-in line voltage compensation ensures
consistent welding power

= Front-mounted 14-pin receptacle for
remote control and wire feeder operation

= Both 24 voltand 115 volt AC power for
wire feeder

= Contactor and wire feed control with 10 amp
cireuit breaker

w115 vel AC, 15 amp duplex reeeptacle with
cireuit breaker protection

m Variable are control

Suggested Wire Feeders
S-22A 0P A3 XR Series {pg 5. Spoolmatic 30\ e HY)

Accessoties

Remote Controls: ROC- 14 RIEC- 14 REC- L s 75076k
TG High-Frequency Are Starter: HE-2510-1 1pg 7).
Seevour Milker distributor for infermason an Nolunerer
and Amimeters
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The Syncrowave family features Miller

sy“crowave® ser ies ' Squarewave™ AC output and manually adjust-

able balance control for the most demanding
Welding applications that call for the highest technical skills of a master craftsman ~ #uminum work. This feature also helps elimi-

. . . . aAs nate tungsten spitting, and permits the use of
require equipment with the precise control equal to the task. Miller meets the needs - diameter tungsten electrodes to oper-

of this demanding market with the Syncrotvave: Series of single-phase, constant e at higher current levels, Polarity changeover
current power sources. and other process enhancements make it fast
and easy to switch to DC TIG or Stick work.

Available in 250, 350 or 500 amp models. the
Syncrowave Series offers the operating features
and options to assure you of a machine exacdy
suited for your needs. When the job demands
ultimate technical control, the Syncrowave
family delivers superior performance and time-
tested reliabiliry.

£ sries Features

= NEW! Syncrowave 250 and 351 include
Fan-on-Demand™ cooling system —
operates only when needed

a Wide amperage rnge for greater flexibility

a Solid-state contactor permits superior
reliability in high-cycle operations

w Automatic line voltage compensation

= {nternal high-frequency are starter and
stabitizer provides positive, non-comact are
starting in TIG mode

& Three-position high-frequency switch

a Contactor-activated gas solenoid valve and
postllow titer prevents atmospheric
contamination of clectrode and workpicee

m Polarity changing switch enables quick
process changes without changing sec-
ondary connections

= 14-pin receptacle for remote control and
puise control

m Choice of foot, hand or torch-motinted
fingertip remote contro

m Duplex 115 volt AC, 2 kVA receptacle with
15 amp circuit breaker

Syncrowave Balanced Output Control
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All Syncrowave models provide Squarewave AC output with manually adjustable balance control. The
balance control features adjustable penetration and cleaning action while increasing arc stability
on various aluminum aloys {refer to diagram above). This aflows the operator to maximize the welding
process to sult almost any application. The Squarewave AC output and balance control also help
sliminate tungsten spitting and allows the use of smaller diameter tungsten eloctrodes to operate
at higher current levels.




CrOWave” 250 uuricon &

B |wetdieg.. - | Max.Open- | Powsr Factor | Amps inpai a1 AC Balanced Rsted Load, 50 Kz Net
" Stwek Nember | Rated Qulput Amparage Range | Clrcult Voltage ' Comaction 200V 230V 450V 575V KVA KXW | Dimensions Welgin
(#1902 056) 250 Aat 30VAC, . | 5-310 -. 80 Without 1058 92 46 368 212 114 |H:20%n (78 mm) | 355
2002300460 V | 40% Duly Cycle s with 7% & 33 264 152 114 |W: 19%in (489 mm) | (161 %g)
(#903 084) 200 A at 28 VAC, Without 85 74 37 206 17 83 |0 27in(686mm)
230480575V | gos, Duty Cycle With 552 48 24 192 11 83
The Syncrowave? 250 delivers excellent welding ~ Features

a TG (GTAW)
m Stick (SMAW)

m Ptubsed TIG (GTAW-P) with optional PC-300

performance, control and versatility. The basic
machine includes all the essential features you
need for high-precision AC TIG welding, plus
the flexibility to handle a wide variety of metals.
The Syncrowave 250 offers an effective solution
in any light industrial situation that requires
constant current Squarewave™ technology:

Efficient and adaprable, the single-phase
Syncrowave 250 is a great choice for fabrication
shops as well as vocational training facitities.
Its Jow-profile case fits neatly into any indus-
trial location, while its rugged construction
ensures reliable operation under constant use.
A spectrum of availuble options allow you to
slart simple and add feature s as you need
them. This high-performance machine pays
off with extraordinary value.

m NEW! Fan-on-Demand™

= Single-range current control

m Qutput range of 5 to 310 amps
= Arc control for Stick

w Crater fill control

Accessories

Running Gear: No. 22 {pg 71): Coalant System:
Watermiate 1A or Coul Runner {py 725 Remote Controls:
RFC-14, RCC- 14 (pg 75); TIG Pulsing Control: PC-300
(pg 771 See your Miller distribainor for further inforema-
tion onVohmeter and Ammeter, Preflow Timer, Spot
Weld Famer and Power Factor Correction.

= @ KX

® .
Syncrowave® 351 .oueerc o @ © Heavy Industriat
i Walding Max. Open- Power Factor | Amps inpul al AC Balanced Rated Load, 50 Hz Net
_ $tack Nembar  : Rated Outpui Amperage Range | Cireuli Voltage | Comection 200V 230V 480V 575V KVA KW | Dimensions Welight
(#903 219) c 350 Aat 34 VAC, | 2-400 80 Without 15t 131 67 52 299 174 | H:4T%in (1200 mm) | 549
‘ 2007230/460 V| 40% Duty Cytie With 13 12 53 43 22 173 w24 in. (610 mm) (312 kg)
" (#4903 220) ,i 300 A a1 32 VAC, Without 136 112 57 46 262 135 | O 22%in(578 mm)
22014600575 V I 50% Duty Cycle With "7 84 45 34 179 137
The Syncrowave™ 351 is an exceptional single-  Features

s TIG (GTAW)
m Stick (S\LAW)
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phase TIG/Stick power source designed for
the master welding craftsman. When the work
demands the arc control of Squarewave™
technology. premium performance, and the
highest levels of efficiency and functionality. the
Syncrowave 351 meets the challenge. The
three-turn current control with 2 to 400 amp
output handles a full scope of ACTIG, DCTIG
and Stick applications.

Everv detail is addressed, from the rock-solid

power output down to the quiet, dual-fan oper-

ation that directs air away from the work area.
Other top-line professional features further
enhance productivity: The basic model easily
upgrades with options, including micro-
processor control with the facton-instailed
Intellitig™ MPC. The 351 is a prestigious and
productive addition to any shop, and to any
welder whe 1akes pride in his work.

m NEW! Fan-on-Demand™

® Tall, easy-access case

u Simplified control panel

= Separate, presettable digital volmeter and
ammeter

® Automatic process selector switch

m Arc control for Stick mode operation

= Retractable lifting eve

= Premium arc performance in all ranges and
processes

w Quiet, dual-fan operation extends life of
machine and intemat components

Accessories

Running Gear: No. |7 (pg 71): Coolant System:
Watermate 1A (pg 72); Remote Controls: RFC-14,
RCC-14 (pg 75). See your Miller distributor for informa-
tion on Preflow/Spot Timer, Start Control/Crater Fil,
Pulser and Power Factor Currection.
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Intelligent Robot Controls

Penetration and Bead Height

System makes adjustments according to variations in the root opening

BY Y. SUGITANIL, Y. NISHI AND T, SATO

I n order to achieve full automation of arc welding, an in-

telligent arc welding robot is required that can track the
weld joint, detect the shape of the groove and control the
gun position and welding parameters.

Anintelligent arc welding robot called “intelliarc” has been
developed that has the following special features:

1) A high-speed, rotating arc welding system that provides
high-current, high-efficiency welding with improved bead
shape, weld penetration and bead height.

2) A camera-based, image-processing system that enables
simultaneous control of weld penetration and bead height in
variable width roct openings.

3) High-accuracy joint tracking based on the combined use
of an arc sensor and image-processing sensor.

4) A small welding head that can be easily inserted into
closed vessels for safe, unmanned welding.

This paper describes the intelligent welding system and its
functions, including the method for simultaneously controlling
the penetration depth and bead height with variable root
openings.

Purpose of Development

The systern was developed to weld cylindrical, austenitic,
stainless steel pressure vessels with diameters between 1.8
and 4 m (5.9 and 13 it} and wall thicknesses over 8 mm (0.3
in.). Service requirements mandate back welding and limit
bead height.

Two conventional welding methods considered have their
problems. The first is submerged arc welding (SAW) with a
Y-groove weld preparation. Backgouging is necessary to en-
sure penetration. The other method is gas metal arc welding
{GMAW)} with an I-groove. In this method, time-consuming
grinding is required after welding due to code restrictions on
the welding bead height. Furthermore, both methods require
that the final weld is performed inside the dosed vessel, en-
dangering the operator.

The inteliigert welding system, with its advanced functions,
was developed to overcome these problems and offer an
improved working environment for operators.

Configuration of the System

The welding system’s configuration is shown in Fig. 1. The

welding head is mounted on a manipulator —Fig. 2. it can be
turned 90 deg to enter the vessel through the 420-mm {16.5
in.) manhole. The robot can be applied to various sizes of
vessel with a Y-axis slider. The welding head consists of ro-

Y. SUGITAN and Y. NISH! are with Yasuhko Nishi Tsu Laboratories,
NXK Corp., Japan. 1. SATO & with Nippon Sanso KK, Japan.

An meﬂ?gent arc welding robot performs a arcwnferenfral weld
inside a large pressure vessel.

tating torch, CCD videocamera, x- and y-axis slide block for
joint tracking, R-axis rotation for turning the welding head
corresponding to welding direction, and OS-axis movement
for changing the offset position for circumferential welding.

Advanced Functions

The main advanced functions of the system are shown in
Table 1. Details of these functions are described as follows:

High-Speed Rotating Arc Welding Method

The system uses the high-speed, rotating arc welding
method (Ref 1) developed by NKK. The basis of the process
is shown in Fig. 3. The electrode rotates orbitally at a
frequency of 20 to 60 Hz. For the work presented in this pa--
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Fig. 1—Configuration of the system.
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per. a frequency of 50 Hz and a 3-mm {0.12-in.) diameter or-
bit was used with 1.6-mm (0.06-in.) diameter flux cored wire.

Figure 4 shows the influence of arc rotation on the bead
cross-section shape. The high-speed, rotating arc process en-
sures shallow and stable weld penetration and 2 smooth, level
weld bead. These phenomena appear to be caused by the
dispersion of the arc force and heat with arc rotation.

The joint tracking system that utilizes the arc itself as a sen-
sor {arc sensor) has been developed by NKK for use with the
rotating arc process. The arc sensor can maintain precise and
real-time joint tracking control without being aifected by
welding wire bends.

The principle of the joint tracking system with arc sensor
control is shown in Fig. 5. The arc¢ position {Cf, R, Cr, L) is de-
tected by the rotary encoder. The figure shows the basic
waveform of arc voltage to the rotating position of the arc
{(influence of weld pecol is neglected). When the torch is po-
sitioned at the root opening (AX = 0), arc voltage waveform
is shown as a broken line with maximum vatues at Cf and Cr,
and minimum values at R and L. It becomes symmetrical at Cf
(center front of rotation). When the weld gun deviates, for

Simultaneous control of
penetration depth and bead
height is achieved by controlling
welding current, wire feed rate,
arc voltage and welding speed.

example, to the right-side plate {AX # 0), the waveform
changes as shown by the solid line. The phase of waveform
advances at point Cf, where it becomes asymmetrical. By di-
viding the waveform at Cf into left and right, and comparing
the integrated values (S and Sg) of these two regions, the
aiming point of the torch can be detected. In practice, the
waveform is liable to be distorted at the Cr side by the influ-
ence of the weld pool, so the phase angle of the above in-
tegration is set empirically to a value less than 90 deg.

Weld head height control (y axis) is achieved by compar-
ing the average of the welding current waveform with a ref-
erence constant value,

Table 1—Main Functions of Intelligent Arc Welding System

Function

High-speed rotating arc
process

Image processing

Welding parameters control:
1. Welding current control
2. Wire extension length
control (wire feed rate
control)

3. Arc length control {Arc
voltage control)

4. Weiding speed control

Purpose
# Smoothing of bead surface
® Stabilization of penetration
# Control of joint tracking and
torch height by arc sensor
& Setting the initial gun height
® Detecting groove shape
{Position and width of root
opening)
® Detecting the end of joint

® Penetration control in
variable root opening width

» Stabilization of welding arc

® High-quality weid

—Straight
—-=—=50Hz
—--—I1Hz

Fig. 4— The rotating arc’s influence on bead shape.

Image Processing System

The charge coupled device {CCD) video camera is located
about 100 mm (3.923 in.) in front of the welding head, and de-
tects information about the weld groove, incuding the root
opening. Welding parameters are controlfed by the detected
values to keep weld penetration and bead height constant
with changes in root opening. Image processing is also used
to set the initial head height before welding and to detect the
end of the weld joint.

Method for Measuring Root Opening

The basic procedure of image processing for measuring the
root opening is shown in Fig. 6. The CCD camera is placed in
front of the head and provides an image of the groove as an
overhead view —Fig. 6A. The transverse distribution of light
intensity (brightness) along Line A can be obtained — Fig. 6B.
The intensity is highest from the reflection of the arc on the
bevel surface, while it is lowest in the root opening. This trend
can be enhanced by using supplemental iflumination. The root
opening is obtamed by processing these transverse brightness
scans, The brightness is integrated to eliminate any noise
component —Fig. 6C. Subsequently, distribution is obtained
by differential treatment, which has peaks at positions where
the intensity changes significantly — Fig. 6D. The root opening
is measured as the distance between the two inside peaks,
while the groove width is the distance between the two out-
side peaks.

The root opening can be measured directly in this way for

weld joint

AX#0

Arc voltage, V

Fig. 5—PFrinciple of joint tracking performed by an arc sensor.




“(a) Original image

ssing area

Intensily E '

(bY Intensity distribution
of brightness in transverse

-

(¢) Smoothing

]
J Groove width
Root Opening Width

(d) Differential processing

Fig. 6 — The basic procedure of
image processing for measuring
root opening width.

Welding Head

@
ad

Threshold

= e e e e md b -

Time
Fig. 7 — Principle behind initial welding head height control{Ad = high-frequency component of brightness intensity): Stage 0 = measure
4d and dedde threshold value; Stage 1—measure Ad during dropping the weld head with a CC camera, and search for a maximum
point of Ad; Stage 2 —raise the welding head and repeat a few times; Stage 3~ position the weld head at a maximum point of Ad.

—-_380A
49cm/min
----- 240A
X 25em/min

Fig. 8—influence of welding current on penetration depth; A~ constant welding speed, and 8— welding speed control to obiain con-
start bead height. .
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Fig. 39— Theory behind welding speed coritrol

to obtain constant bead height. height.

the first side welded. For the second side, however, only the
groove width can be measured, since no root opening exists.
In either case. a delay is intrcduced that corresponds to the
distance that the camera is ahead of the welding head.

Setting the Initial Weld Head Height

In order to provide unmanned, remote-controlied welding,
the head height can be set automatically before welding by
image processing. The weld head height is set by the focus
of the CCD carmera—Fig. 7.

Detecting the End of the Joint

The intelligent welding system can detect the end of the
weld joint 2nd stop welding. The end of the workpiece is de-
tected as the end of the weld preparation, or the point where
the groove is filled with weld metal.

Welding Parameter Control

Simultaneous control of penetration depth and bead height
(Ref. 2) is achieved by controlling four welding parameters:
welding current, wire feed rate, arc voliage and welding
speed. This is based on changes in the root opening detected
by image processing.

Consideration of Simultaneous Control

A comparison of cross-sectional bead shapes with welding
current is shown in Fig. 8. With constant welding speed, an
increase of welding current primarily causes bead width to
increase - Fig. 8A. In the case of welding speed control to
keep constant bead height, as shown in Fig. 8B, the depth of
penetration changes dramatically due to changes in welding
current.

Thus, both welding current and welding speed affect pen-
etration depth. In the system, welding current is controlied to
obtain constant penetration, while bead height is kept
constant by modifying the welding speed according to
changes in the root opening.

Welding Speed Control (Bead Height Control)

The principle of using welding speed control 1o obtain
constant bead height is shown in Fig. 9. The change of dep-
osition area (A S{G) ) corresponding to a change in the root
opening is calculated by Equation .1, as shown by the
shadowed portion in Fig. 9. Since So is the optimum deposi-

Welding current [, A

tion area without 2 root opening, the welding speed, v, which
provides the necessary deposition area So + A 5(G). is deter-
mined by Equation 2.

ASG)=H+D+P)G (1)
where: A §C) = necessary increment of deposition area due
to root gap opening (mm?); Hr = reinforcement height (mm);
D = groove depth {(mm); P = penetration depth {mm); and
G = root-opening {mm).

V =K vi/(So + AS(G)) (2)

where: V = welding speed (mm/s); K = cross-sectional area
of wire {mm?); vf=wire feeding rate (mm/s); and
50 = appropriate deposition area without gap (mm?2).

Welding Current Control (Penetration Depth Control)

The relationship between welding current and penetration
depth for various root openings is known from experience —
Fig. 10. Figure 11 is obtained by transforming Fig. 10 and
shows the welding current required to produce a constant
penetration, P, for various root openings. The intelligent
welding system has a database of these relationships to de-
termine the most suitable welding current for any root open-

. Gas :CO, i00% _ 2 .
s, ZCI’:dlaraclcriincs C=3 ] 1 G,
Rotation of Torch : 5011z, g3wmm }
i 1 1 1
700 750 300 350 00

Fig 10— Relationship beiween welding current and penetration depth under constant bead

100} \
[ 3 ' ‘:‘k P': Penctration Depth
—_ X,
= » 5
= | X urn
@ 300 \ *. through
[ . A~..
a P=3mm
& <I'_-_-\“‘“--0""-—---______ ®-~ P=2mm
5 oo,
@ - =
g 200  Wire : #1.6nun stainless P=1mm
sleel cored wire
Gas : CO, 100%
IS, : CP characleristics
Rolation of torch : 50Hz, ¢3mm
] 1 1
IUUU 1 2 3 4
Root Opening Width G (mm)

Fig. 11— Relationship between root opening width and welding cur-
rent to obtain constant penetration depth.
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Welding current
300 | 780
£m
min
230 L 60
{
Welding speed 140
2
35 420
Arc voltage £
30 180
mim
3
Wire feeding rate 140
100
root opening width G
3 mm
2
1
Welding direction 0
R 125

L . , - ' ] 1 |

£ig. 12— Variation of detected root opening width and controfled
welding parameters.

ing. For welding the second side, only welding speed cortrol
is used with a high constant current, since there is no risk of
melt through.

Wite Feeding Rate Control {Wire Extension Ler:gth Control)

Wire feeding rate is controlled to maintain a constant elec-
trode extension by using Lesnewich’'s (Ref. 3) expenme ntal
Equation 3.

vi = Al + BLI {3}

Where: | = welding current (A); L = electrode extension
{mm); and A, B = constants.

Arc Voltage Control (Arc Length Control)

The terminal vollage between the welding gun and
workpiece, EL is controlted to maintain a constant arc length.
Et 1s 2ssumed to be the sum of the arc voltage, Va, and the
voltage drop in electrode extension, Vi

El=V3+V|_ . {4)

Where: £t = terminal voltage between welding gun and
workpiece (v} Va = arc voltage (V); and v, = vollage drop
in electrode extension (v).

The voltage drop in electrode extension, Vi, can be
obtained by Halmay s Ref. 4} experimental equation (Ref 5).

Vi = all — bvist (5

Where: a, b = constants.

Furthermore, the arc voltage can be estimated with Equa-
tion 6. which equates Va to the sum of the anode voltage
drop, cathode voltage drop and arc column voltage drop.
Equation 6 assumes that the sum of anode and cathode volt-
age drops is equal to the arc voltage just before short circuit-
ing. and that arc column voltage is equal to the product of a
constant potential gradient of arc column, X, and arc length.

Va = Vo () + Xla {6)

Where: Vo {l} = sum of anode and cathode voltage drops as
a function of welding current I (v); X = potential gradient of
arc column (v/mm}; and la = arc length {mm).

foot opening 0 mm

fig. 13— Appearance and macrosections of controlied weld bead.

36 | DECEMBER 1990

NS-/12 0> 3mm TR KT Joo xR PR

root opening 2.5 mm

e ————




Table 2—Comparison of the Time Efficiency between the Conventional Methods and the Intelligent Arc Welding System

Welching Backgouging!? Grincing Tolal
\Webding Medhexd (H) {H} (H} {H} ~
submerged are welding 1t 26 | 18
{Conventional method} )
CATAWY It (et i 38
(Com entional meshiod)
CAIAVY Y (Fc 2kl ]
tintetharcy
Joms length B 1 Bt
Longiudinal welding Hm T T T e
Circumiterential weldng i"m ”
Toral 2im

() Il grawdiongd veasrh ano peneiraten feat i pongedd surf e
My Oty Loe Lapapesd Beael i
(b= e gt that Baae koot = i regpered b degal resire tons

e

Experimental Resuits 25

, jire : 1.6 taial
wmultaneous control o penetration depth and bead height Wige @ 1 buny steieless

was achieved with a double-Y groove, 304 stairless steel test Gas : Cu2 1uDt o
plate with a root opening varying from 010 3 mm {0.12in ). S A sone Tomgs 4-u
Parameters used were 15 mm ((1.39 in ) for electrode exten- g
sion_ L; 3 mm for arc length, la; 2 mm (0.07 in.} for penetra- e
vor depth; and | mm {0.04 in} for reinforcement heyght
Figure 12 shows variation o1 the root opening detected by
image processing and the controlied welding parameters.
W elding current is adusted to coincide with changes in the
root opening, based on the empirical database. Wire teeding
rate is also controlled with Equation 3 to obtain constant
electrode extension. Welding travel speed is controlled with
Equation 2, while the terminal voltage is controlled with
Equations 4-6 in orcer to obtain constant arc length. The ap-
pearance and macrosections ot controlied weld beads are
shown in Fig. 13. Figure 14 shows the result of measuring o1
the bead shape. These results indicate that both penetration
depth and bead height are controlied virtually constant -af -p

\
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Bead Shape (mm)

Hr

& a_
05 10

Root Opening Width G {mm)
Fig. 1 —Results uf bead shape

Practical Application 15 20 25 30

The intelligent arc welding system has been successtully
used o weld a liquefied gas storage tank at Keihin works of

A

Fig. 15— A ~ The welding system & inserted into the vessel through
the manhoie: B - circumierential weiding outside of the vessel
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Fig 16— A rosections and groove preparations.

Nippon Sanso kK. Figure 15 shows the welding application
for the vessel. The weld head was inserted into the vessel
through the 420-mm manhole as shown in Fig. 15A. and car-
ried out unmanned welding inside the vessel. The outside cir-
cumierential weld is shown in Fig. 158.
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fig. 17— Macrosections when root opening width is (2 and 3 mm re:
longitudingl welding

Figure 16 shows macrosections and groove shape with 8-
10- and 12-mm-thick 304 stainless steel plate. while Fig. 17
shows macrosections where the root opening is 0 and 3 mm
on the longitudinal weld with 10-mm (0.4-in.} thick stainless
sleel,

Welding current is controlfed to
obtain constant penetration while
bead height is kept constant by
modifying the welding speed
according to changes in the root
opening.

L .

Table 2 compares the time efficiency between the con-
ventional methods and the new method for one CE17 ves-
sel. Using Intelfiarc, the time for backgouging and bead grind-

'~ ing can be reduced substantially. -

Conclusions

Intelliarc has achieved the simultaneous control of pene-
tration depth and bead height with conlinuously varying root
openings. The welding process is efficient and produces high
qua]i;y welds, while dramatically increasing operator safe-
ty.
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