
Shopmaster-Asklor literature No. AD/2.3 e
L~b,

o Industrial ~ n g
I Welding Mal. Open- Amps Inpu1 at Raled Output. 50Hz I H.,

Stotk Number Mode Raled Output Amperage Range Circuli Voltage 200 V 230 V 460 V 575 V KVA KW I Dimensions Weight
(1903126) DC!CV 300 Aat 32 VDC. 12-32 V 4DveC 1035 90 45 35 20.7 13.6 I H: 331,-7 in (851 mm) 370 tb
20012301460 V 50"10 Duty Cycle I W: 19lf4 in (489 mm) (158 kg)
(1903 127) DClCC 300 Aat 32 VDe. 20-330 A

I
68VDC 105 91.2 45.6 36.4 20.9tJ:7I 0: 27 in (686 mm)

230/4601575 V 50% Duly Cycl.

AC 200 Aat 28 VAC. 20-300 A '175 VAC

I
85 73.5 36,7 23.3 1&.8 8.2

t
40% Duty Cycle

Processes

• t\UIJCS,ick (S'IAIV)
• IJ(: '11(; (IlC C'L\IV)
• Flux eOR'l! (DC I{~\W)

• ACmCTIC (CT\IV)
\\'ith IIF-51 D-I Arc SWrief

When YOU need one weJding machine that can
handl~ juS! aboUl any task. the Shopmaslec"
answers the call. This compact power source
femures simplified operation. single-phase
pt)\\'e.. requirement and exceptional versatihf)~

And you don't ha\'e to sacrifice one feature to
get another. The Shopmasler is designed to
gi\'l' you cvc~1hing you want.

Jlere's a system Ihm provides outstanding
constant voltage (eV) and constant current
fCC) ;.lre characterislics for manual and semi
automatic applil"ations. With both AC emd DC
output. the Shupm.ll\tcr's high-cnd perfonnance
adapts 10 Iight-industrittl fabric.uion and
manufacturing. TIll' rugged interlml compo
nents inc1udl' 1I solid-stall' (ontarWr ,llld
controls d1m yield i.lllllIg service lif:.', ('\·l'n in
high-cycle applications.

The Shopmilsll'r has Ihl' range 10 he al home
ill ;t wide \'ariely of siluations. \\'ith its l'xpan
sin'lllultipnlrcss rilpahiJitics, it's fl"ld~· for
any gl'Jll'ral n'pair or rnaintenmKe job. The
Shopmaster is a great value for farlllers anti
ranchers who m'vcr know whal wl'lding tasks
\\"illtllTl1Ujl Ilext.lt·s exn'ptiol1al Sl'Opl' nwke
it a greal machilH.' for technical and VOCi.lliuJ1a1
training, Plus. Ihe unit's small footpriru saves
\'alllable llonr space in tight quaners.

i\l'ed a machine Ihat can grow to Ill('el your
\wlding needs in Ihe future? Add a f IF-:~51 0-1
portable high-frequency arc starter, and the
Shopmaster ,,·ilI deli\'er 200 amps of Square
waH' balanced AC output for exceptional TIG

performance. Other options allow you to
customize the Shopmaster to the specific
welding tasks you have.

Features

• Simplified. easy-to-use frolll panel
• Three input voltage configuration
• Dual output terminals prmide easy hook

up and electrical isolation berween the
welding processes

• Built·in line \'oltage compl'ns..1Iioil ensures
consistent welding lxnver

• Fnml-mOUntl'd I-I-pin fl'cepmdt' for
remote control and wiTt, fCl'ul'r operation

• Both 2-1 \"Oil <lnd 115 \'olt r\(: pO\\'l'r for
wire fel'tler

• (:olllactnr iltlll wirt, fl'('d l'lllmol wilh 10 amp
circuil hreaker

• II S \"Oil A(:, I:, ~Ilnp dupll'x rt'l'l'plarlt' with
cirellil hrl'akcr pnlleelilm

• \'ariahll' 'Ift' mlltrol

Suggested Wire Feeders
s·~~\ iPh :"i:II, XH St'ri{'s ipg :wlJ. Spclolrn;tlk :m\ (pg:m

Accessories
IkmOII'CUnlmls: 11(:<:-1·1, HF< >1·1. III H>1·1 ("~, -;:,I,!ll:
TIG Iligh-fn:qul'ncy AK"Sl:lrIl'r: 111'·511 )·1 Il'g 71).

St't' \'(Itlr \lillt'r diSlrihlllnr Fllr inllJrlllalil)IJ OJI \ '{IIIIlll'll'r

<!ml.\1l1Illl'!t'rs

Volt/Amp Curve, AC Voft/Amp Curva, DC
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Syncrowave® Series
''\lelding applications thatcallfor tile Ilighest teelmiml skills ofa mastercraftsman
require equipment with the precisecolltroleqllal to tile task. Miller meets the needs
ofthis demanding market with the SYllcrowlwe' Series ofsingle-plwse, constant
Cllrrell t powersources.

Syncrowave Balenced Output Control

The Syncrowave family features MiUer
Squarewave- AC output and"manuaUy adjust
able balance control for the most demanding
aluminum work. This feature also helps elimi
nate tungsten spitting. and pennits the use of
smaller diameter tungsten electrodes to oper
ate at higher current levels. Polarity changeover
and other process enhancements make it fast
and easy to switch to DCTIG or Stick work.

Available in 250. 350 or 500 amp models. the
Syncrowave Series olfers the operating features
and options to assure you ofa machine exacdy
suited for your needs. When lhe job demands
ultimate technical control. the Syncrowave
family delivers superior pcrfommllce and lime
tested reliability.

r Aies Features
• NEW! S)llcrowave250andJ51 include

Fan-on-Demand"" cooling system
operates only when needed

• Wide amperage range for greater nexibility
• Solid-state COnlaelor pcmlils supt.-Oor

reliability in high-cycle opcrdtions
• Automatic line \'oltat;C l'ornpcnsouion
• Internal high-fl"l'qucllC)' an: Siancr ;:md

siabilil.cr providl"S IXJshive. nnU-l'(JIlHlcl .In:
SHIrting in riG lluKlc

• ·Ibra··position high-frequen<.")' switt"h
• C:Ont.lclur·activalt'd gas solenuid \;:,h'<.· and

pOSlnoW tim<"r pn.·\'l'nts atll1llspherk
<.'Ontamin;:uiol1 of elt·t"trudt· ;:md W<lrkpit'C{·

• Polarity changing swildll'llahles quid
prtK."es.."i changl'S \\ithmn changing set"
ondary connl'Clions

• 14-pin Il.'(l'ptacle for remole t"ontml.md
pulse control

• Choice of foot. hand or torch-mounted
fingertip remote control

• Duplex 115 volt AC. 2 kVA receptacle \\;tb
15 amp circuit break.er
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GREATEST CLEANING ACTION

v."oac-
(,!CllIOi.~ BALANCED WAVE

n tu~~'IT - -~~-
~

MORE HEAT INTO WORK

9-
Iia23

All S)'lI<rowa.o modelo provldo Squar_ AC output_ manuoU, adjustabltt bala... _oL 1110
balance coatlol features adjustable peIIetratJon and cleaning action ...... lacreaslag arc sblbllitJ
on various 010_0"" (rolor to dIaCrom _I. 11I1s.-the__ to .....mIze the weIdtag
process to lult .Imost anJ .ppUcation. 'lite Squarewave AC output and balance control .Iso help
eliminate lanlllt... ,pitt..., and allows tlte use of smaller dlameter tunglten electrodes to operate
at higher current levell.
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!Nltld Oulput
Wlldlog Mu_O_ Power Factor Amps.. II At Balancld Raled Load, 60 Hz I Nol,

_111m.... Amp.rag. Rang. a..."Vottagl CIrrtcIlon zoo V 230 V 460 V S75 V KVA KW , Dlmloolons WIlght
(1903 219) ,350Aot34VAC, 2-400 80 W1Il1out 151 131 67 52 29.9 17_4 H: 47V'ift (1200 mm) 5491b
2001230/460 V i 4D% IMy Cyde WIth 131 102 53 43 22 17.3 W: 24 in (610 mm) (312 kg)

· (1903220) , 300 A0132 VAC. Will10ut 130 112 57 46 26.2 13.5 0: 22~4 in (578 mm)
23OI46ll1575 V i60% Duly Cycle With 117 84 45 34 17.9 13.7

35511>
(161 kg)

Nol
WIIDIII

0Jnduatrlal ~ R II

Features
• NEW! Fan-on-Demand'·
• Single-range current control
• Output range of 5 to 310 amps
• Arc control for Stick
• Crater fill control

Accessorlel
Running Gear: No. 22 (pg ill: Coolanl SYSlem:
\\'.ucnnale IA or Coul RUIlIll'r (Ilg 7:!); Reinote Controls:
nrC-I.I, Ra:-14 (pgiS); TIG Pulsing Control: PC-3()()
(Ilg 771. St.'t'}1mr MiUcrdistrilnntlt fur funlwr inrUfllla.
lion un \hhl1ll'll'r and Arnllll'lcr, pll.,nowlimcr, Spot
Weld 'lillll'r ;md l'u\\'cr helm Corwniull.

Features
• NEW! Fan-on-Demand'"
• Tall. easy-access case
• Simplified control panel
• Separate, pre-set table digital \'Oltme[er and

ammeter
• Automatic process selector s\\;tch
• Arc comrol for Stick mode operation
• Retraclable lifting eye
• Premium arc performance in all ranges and

processes
• Quiet, dual-fan operalion extends life of

machine and intemal components

Accessories
Running Gear: ~o. 17 tpg 71 J: Coolanl Syslem:
Walermatel:\ {pg 721: Remote Controls: RFC-14.
RCC-14 Ipg 7SJ. Set- your \li11l'r dislribulOr for infonna
lion on 17cnOwfSpoIlimer, Sian Control/Cralrr Fill,
I\.t!st>r and Power FaClor Corrl'Clion.

. ,

• Heavy Industrial ~ II 0

WIthout 105.8 92 4S 36_8 21.2 11.4 H:3OI',in(781 mm)

t-~WIth;::-:=-_+7::6__66:::--_-:33=-_-:26::::A:---:c'S:=.2,--1:-,::-.4'--j W: 19V, In (489 mm)
Will10ut 85 74 37 29.6 17 8.3 D: 27 in (686 mm)
With 552 48 24 19.2 11 8.3

....., Fe..., Amps _II AC ..__laid. 60 Hz
. COmcll.. 200 V 230 V 4IlI V 171 V KVA KW DlmlOolDO'

80

Mu.o,n.
Cita" Voitlp

The S~l1cro\\'ave· 351 i5 an exceptional single
phase T1G/Slick power SOUIte designed for
the master welding craftsman. When the work
demands the arc control ofSquarewave'"
technologj', premium performance. and the
highest levels ofefficienc)' and functionalit)'. lhe
Smcro\\'ave 351 meelS the challenge. The
three-turn current control with 2 to 400 amp
outpul handles a full scope ofACTlG, DCTIG
and Stick applicalions.

Every de,aU 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 \\ith options. including micro
processor control \\;th the factory-installed
Imellilig'· ~IPC. The 351 is a prestigious and
producti,'e addition to an!' shop. and to an!'
welder who lakes pride in his work.

The Sl'ncrolVave' 2SO deliver.; excellent \\'elding
performance, control and versatility. The basic
machine includes all the essential features you
need for high-precision AC TlG welding, plus
the flexibility to handle a wide variet)' of metals.
The Sl'ncrowave 250 offers an effective solution
in any light industrial situation that requires
constant current Squarew3ve'" technolog}:

Efficient and adaptable, the single-phase
S~11cro\\'a\1.· 250 is a great choice for fabrication
shops as well as vocational training facilities.
hs low·profile case filS neatly into any indus
lrialloc31ion, while ils rugged conslruction
ensures rcliahll' operation under constant lise.
ASpt'Clnllll of available options allm\' yOli to
slart simple and Oldd featull Ii as yOll net'll
111('111. This high-performance machint' pays
off with cxtr<umlinary value.

S-310

WoIdIIIt '
Am_"RI",

200 AIt 28 VN;,
j8O%DU1yCyde

I 250 AIt 30 VAC•.,
4D% Duty Cyde

Syncrowave" 351 Asklo,UIe..IUreNo.AD/4.1 @)

Processel
• TIC; (GJ:'\W)
• Stick (S~IAWI

• 1~lIst'dTIG (GT\W-I'I \\'illl opliollall'C-:lOO

_ n..I__ .4 Tlr '''''''''0' n, .. .:.~ __ .:. __ • nr ..,.".

Process..
• T1G (GB\\')
• Stick (S~t~\\')

: (_056)
2001230/460 V

· (19031184)
230146ll157S V



Intelligent Robot Controls
Penetration and Bead Height

System makes adjustments according to variations in the root opening

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

L~G

I n order to achieve full automation of arc wekfong. an in
telligent arc wekfong robot is required that can track the

weld joint. detect the shape of the groove and control the
gun position and welding parameters.

An intelligent arc welding robot called "lntelliarc" 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 contfol of weld penetration and bead height in
variable width root 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 system 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 6 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
V-groove weld preparation. 6ackgouging is necessary to en
sure penetration. The other method is gas metal arc welding
(GMAW) with an I-groove. In this method, time-~onsuming

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 intelligent 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 b~

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. suc;rTAHmel Y.I\f5H.rewith Y_ Nshi Tsu Labomories,
NICK Corp. />!pm. T. S4TO is with I'Ippon Sans<> KK.~.

Anintelligent ilrc welcfmgrobotperforms a circumferential weld
inside iI 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 05-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. n.e basis of the process
is shown in Fig. 3. The electrode rotates orbitaOy at a
frequency of 20 to 60 Hz. For the work presented in tNs pa'.
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tl420mll1
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___ Welding head

Fig. 3 - The tusk principle of high-speed routing arc welding.

(

Fig. 7- Configuration of the system.

. Fig. 2 - Detilil 0; the welding head.
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Method for Meuuring Root Opening

The basic procedure of image processing for measuring the
root opening is shown in Fig. 6. The cm 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 ~ght

intensity (brightness) along Line A can be obtained - Fig. 68.
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 illumination. The root
opening is obtained by processing these transverse brightness
scans. The brightness is integrated to e6minate any noise
component - Fig. 6C. Subsequently. distribution is obtained
by differentialtrealment, which has peaks at positions where
the intensity changes signifICantly - Fog. 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

Fig. 4 - The rotating arc's influence on bead shape.

/{

~~~
weld joint

--ShaiKhl
----snt·h:
----looH%

Image Processing System

The charge coupled device (CCD) video camera is located
about 100 mm (3.93 in.) in front of the welding head, and de
tects information about the weld groove. including the root
opening. Welding parameters are controlled 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.

L; I. C, /I C>

FIB· 5 -Prindple of;0;" uK1mB perfonned by an air-.

Purpose

• Smoothing of bead surface
• Stabilization of penetration
• Conlrol of joinl tracking and

torch height by arc sensor
• Setting the initial gun height
• Delecting groove shape

(Position and width of rool
opening)

• Deleeling the end of joint

• Penetration conlrol in
variable root opening width

• Stabilization of welding arc
• High-quality weld
• Bead height~
• t-ligh-efflCiency we/ding

Table l-Main Functions of Intenigent Arc Welding System

Function

High-speed rOlating arc
process

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

per. a frequency of 50 Hz and a 3-mm (O.12-in.) diameter or
bit was used with 1.6-rnm (0.06-in.) diameter flux cored wire.

Figure 4 shows the influence of arc rotation on the bead
cross-seclion shape. The high-speed, rotating arc process en
sures shallow and stable weld penetration and a smooth, level
weld bead. These phenomena appear to be caU5ed by the
dispersion of the arc force and heat with arc rotation.

The joint tracking system that utilizes the arc itself a5 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 affected 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 pool is neglected). When the torch is p0
sitioned at the root opening (8)( = 0), arc voltage waveform
is shown as a broken line with maximum values at Cf and Cr,
and minimum values at Rand L. It becomes symmetrical at Cf
(center front of rotation). When the weld gun deviates, for

Image processing

Welding parameters control:
1. Welding current control
2. W ..e extension lenglh

control (wire feed rale
control)

J. Arc length conlrOI (Arc
voltage control)

4. Weking speed control

example. to the right-side plate (6X oF 0). the waveform
changes as shown by the solid line. The phase of waveform
advances at point Cf. where it becomes asymmetrical. By d~
viding the waveform at Cf into left and right, and comparing
the integrated values (St and So) 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 cunstant vdlue.



;(a) Original image

Line A ssing area

(

(bY Intensity distribution
of brightness in transverse

Intensity h'"r~
~i Y: ~

I I I I

(c) Smoothing

(eI) Differential processing

Fig. 6 - The b.Isk procedure of
im.Jge processing for measuring
root opening width.
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Fig 10-Reldlionship be:ween we/ding current fmd pent!tTdlion depth under constdnt bedd
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Fig. 9-Theory behind welding speed control
to obtdin conS(<1nt bedd 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 introduced that corresponds to the
distance that the camera is ahead of the welding head.

SeUing the Initial Weld Head Height

In order to provide unmanned, remote-controlled 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 camera - Fig. 7.

Detecling the End of the Joint

The intelligent welding system can detect the end of the
weld joint and stop welding. The end of the workpiece is de
tected as the end of the weld preparation, or the point where
the groove is f~led 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 voltage and welding
speed. This is based on changes in the root opening detected
by image processing.

tion area without a root opening, the welding speed. v, which
provides the necessary deposition area So + 6. S(G). is deter
mined by Equation 2.
~ S(G) = (Hr + D + P) G (1)

where: ~ S(G) = necessary increment of deposition area due
to root gap opening (mm2); Hr = reinforcement height (mm);
D = groove depth (mm); P = penetration depth (mm); and
G = (oat-opening (mm).

V = K vf/(So + t>S(G» (2)

where: V = welding speed (mm/s); K = cross-sectional area
of wire (mm2); vf = wire feeding rate (mm/s); and
So = appropriate deposition area without gap (mm2).

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-

1000 I 2 3

Rool Opening Widlh G (mm)
Fig. 11-Rel.tionship between root opening width md welding cur
rent to obt.in canst.", penetr.tion depth.
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Consideration of SimultDleous 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. 88. the depth of
penetration changes dramatically due to changes in welding
current.

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

Welding Speed Conlrol (Bead Height Co.lrol)

The principle of using welding speed control to obtain
constant bead height is shown in Fig. 9. The change of dep
osition area (II. 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-



Fig 12 - Vtlri.Jtion of detected root opening width .md controlled
~,·elding ptlrtlmeters.

(

(

(4)

(6)Va = Vo (I) + Xla

Et = Va + V,

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

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

Arc Voltage (onlrol (Arc length Conlrol)

The terminal voltage between the welding gun and
workpiece. El. is controlled to maintain a constant arc length
Et is assumed to be the sum of the arc voltage, Va. and the
voltage drop in electrode extension. Vl·

Where: El = terminal voltage between welding gun and
workpiece (v); Va = arc voltage (V); and VL = voltage drop
in electrode extension (v).

The voltage drop in electrode extension, VL• can be
obtained by HalmC1ly's (Ret 4) experimental equation (Ret 5).

V, = all - bvtfl (5)

Where: a. b = constants
Furthermore. the arc voltage can be estimated with Equa

tion 6. which equates Va 10 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.

Wire Feeding R~te Control (Wire blension Lel:gth Control)

Wire feeding rate is controlled to maintain a constant e-Iec
trode extension by using lesnewich's (Ref. 3) experimental
Equation 3.

vf=AI+BLI' (3)

Where; I = welding current (A); l = electrode extension
(mm); and A. B = constants.
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T~ble 2-Comparison 01 tht" Time Efficiency between the Convention.1 Methods and the Intelligent Arc Welding System
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Experimental Results

Simultaneous control 01 pe-nplration deplh and bead height
was achieved with a double-Y groove, 304 stainless stepl lest
plale with a root opening varying irom 0 to 3 mOl (0. 12 In.)
Parameters u::.erl werpl5 mOl (1),59 in.) tor electrode exfpn
...ion. l: 3 mOl tor arc lenglh, la; 2 mOl (007 in.) iar penelra
!lor. depth; and 1mOl (0.04 In) ior reintorcement height

Figure 12 show!> \,ar;<1110n ollhE" root opening dE"tf'C1ecl hv
Image processing d:nd thl:' c.:ontrolled welding pardmelpr,
V\ elding currenl i~ dd,usted 10 ('olncide with changes in I hI;-'
root opening. based on the empiric.:al dd:tabase. Wire iep(hng
rate is also conrrolled with Equation 3 to obtain (on::.IJnl
plectrode extension. Wel(ling Ir<lvel speed is controlled ,,'\"uh
Equd:lion 2. while Ihf" terminal voltage is conIrolled wilh
Equations 4-6 in order to ohlain constant arc lenglh. Thp dp
pearance and maaosp(llon... 01 controlled weld bl-'Jd~ art'
shown in Fig, 13. Figure 1-1 sho'ws the result of meJsuring o!
the bead shape. Thpse re::.ults indicate that both pent'lrJlion
depth and bead helghl cUP controlled virtually {on~liHlI
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Practical Application
The intelligenl arc welding system has been SU((psstully

used 10 weld a liquefied gas ::.torage tank at Keihin works oi

Fig. 15 - A - "'" w-.s system is inserted into lhe vessel through
lhe ".,nhDIe: B - circumfl!rMliM wHJing outside of lhe I'esse!

Root Opening Width G (mm)

Fig. J.J - Result::. ul beJd shJpe

\AlI:I n.1....1r' 1£"\1 IDtroJAI 1'1.7
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Fig. Ii -,\.ldc:rosf>c:tions when root opening Width is O.md.J mm 10,'
long/tudln,]1 welding

(

Root (>ptonlng JmmThidmcs.c;: 10111111

Figure 16 shows macroseclions and groove shdpe with 8-.
10- and 12-mm-rhick 304 stainless steel plale. while Fig. J:"'
shows macrosections where the root opening is 0 and 3 mm
on the longitudinal weld with lo-mm (OA-in.) thick stainless
sleel.

52u
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Nippon ~cln')o ".10.:. Figure 15 shows the welding application
for thE' vessel. The weld head was inserled into the vessel
through rht'> -I20'm01 manhole as shown in Fig. 15A. and car
ried out unmanned welding inside the vesseL The outside cir
cumferential weld is shown in Fig. 156.

CRACK DEPTH INDICATOR

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

(

Table 2 compares the time efficiency between the con
ventional methods and the new melhod for one CEll ves
sel. Using Intelliarc. the lime for backgouging and bead grind
ing can be reduced substantially.

Conclusions

Intelliarc has achieved Ihe simultaneous control of pene
tration depth and bead height with continuously varying root
openings. The welding process is efficient and produces high
quality welds. while dramatically increasing operator safe
ty.•

CRACK CHECK MODEL CC·800B

Internationally top rated potential drop meter
that directly measures the depth or length of
surface appearing flaws in all ferrous and
most non-ferrous metals in inches or mm.

TEST SYSTEMS INTERNATIONAL, INC.
9114 Dice Road. Santa Fe Springs. CA 90670

TEL: (213) 946-5402 FAX: (213) 946-5406
Circle No. 30 on Re.der In'o-C.rd
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