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Monitoring and Adaptive Control of Arc welding Process by
Using Electric Arc Signal
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Table 1 Sensors for adaptive control and monitoring system (3
Sensor Detection Element Control Varables Control/Monitoring Objects
* Arc signal * Groove width

~Welding current * Potential of base plate

-Welding voltage and backing plate

* Numbers of anomalous

* Quantity of

* Welding speed deposited metal

+ » Optics * Light quantity on
-Point (photodiode) backing plate
-Line (MOS) Width of molten pool

-Area (CCD image) Groove root gap

* Welding current * Back bead shape

* Wire feed speed * Bead shape

* Thermal * Vicinity of molten pool
-Radiation temperature

-Infrared imaging

* Thermal image of molten pool

* Tracking control

Journal of KWS, Vol. 16, No. 6, December, 1998



SbaLAAN A7 HAEE

7t oo o) ALF}atel] vla] wjg 27) wfFoj
54 AT ] o2 ke ¥ge v e FgE ¢
F Qa, Ee gAY NEEF FE

wWE GFTE o= AYZE FGolA] Bo] B
g 7] & 3_"&:3: Adgro 2 Qg &5 9
AHHE EFELE A% S ¢ F Uk
ole wtsj %3}5"]' A A H= Agte] ¥l
Hj3] Zx FepAul A2 e Halel uE ofa e
mﬂg FANE o] &3] AAE AL &8 1F
Joll & of Rigsitts Ade] Ak, sx|g
ANE 01% A5 lolA e HAs7e o
g5 Wg teAol FES Joni ol &
Ztel= dole Fa7t m&an. gops 2 3
dolM e AdE AAeta o)y Fa¢ E4& F
3 S4E YA W £53 2F 4 AW

olg] Alo] 7154 & Atz g

B4R Y g 88X F FHE FHe}
™ Fig. 13 2ol Z2A 37149 FH2 & F
Ao, BE 1, 28 8 4909 8 BdFe

A d, ¥ =19 AL HAHF 7|7l &A
U Y& = AL BAste AoR 52 &
2 AE FI4E HAY ‘5%% AEL BT
RE28 REL1FE vE H2HF 7|te] 2A
L s g B S B TR T S Z\_—E e g
A4 AF FAFLE Y g2 A o=
o}, 18] BE29 A= humpmg beads} 7+
< 835 A 33 Mol =2 AR 7}
F4 Hstofof str}. wrElA ZE A BE22 9
2 o] (transition) & B2A| 7] & &siH, Ho|BA
At B AAF, oladol, &S5 T vy g
o RE3S @A §90] o]Fod we 54 A
9 FYE Yl E e M e 854 %
T ToTE 2. el B &4 F

i
3
S

_YE rulo

w2 mR ok OE rBL

m\

“L
o]

R

séesh 887 2v)ske] AnnAs g Hoz
AR =
22IMYLY
—
Mode 1 Mode 2 Mode 3

Fig. 1 7 Rz w2 &FXZE gy

REBIEHEEEE F 164 $56%%, 19984 128

ol &% &HFAHY A H Ao

Mode1,2: f =5.84( %)WDI‘”
Mode3: f =1.08( #)w D

1
D3 =1(b2+D})

7] A,

f 1884 AsF3(Ha)

D, REEYlA £ 9 W27 (mm)
P A gl A &82 A7 (nm)
SA-E YA 829 o] H A7 (mm)

P E£829 &A% (mm)

Ca

= -~ I~

Qo A A2 ulel o] RE2 A 5T
EHE o718 shsde] lenz A £5& B
Z13 HE3e|A o] FojAn HELQl(R=1)e|
A HHEGH (BRI 2] HEAdE FoTe
o] (transition) @ /¢-& Fuk3te}. o] Zlo] Fig. 29
el glon, HoldAAL wo|x AF Ftel
WE &9 Fo] Frge] met Jerdr) o
A& Fig. 3o el Tl A BEo] B

250
200 \"“‘“‘*——\-«

100

50} Foan_

—
o
[=]

frequency (Hz)

partiol full portiol
7 [ penetrotion, penetration!  penetrotion

6 QMW‘J il SOOSI

weld pool width {mm)

i
0 30 60 90 120 150

distance (mm)

Fig. 2 7 #8947 €189 doldP®




10

300 ' ' ' T r
o VYV YXWE
o s
g R
L‘ ‘._o....<>~-~'
50 2
o o

48 50 52 M4 % D &0 B2 M4 66

Base current {A)

Fig. 3 #Ho| 72kl Wol28Rol e §4A34
7 Fapgr)

430 4% &8 2AF FAFE ZF gt
atol= UAIRE oF 180~220HzE Kol A 89
Ql 4§ oF 40~60Hz8] o5& Bl §H%
o d &9 A £8§A oWAE (Bottom
Diameter of Weld Pool, ©]3} Db)e] & A$ &
A B2 899 F¢9 2L Fo5 54
o|i Dbz} %7} &l wet Faee §33)
ste S o T don, oY Aoz
T o] dyo| 7pesith &, FEEYUU F
FE50l &894 ¥ FAY aMFEH
22 7] W &F= olZY= ol 9
Wako 2 g v, ol 2x19

deozith FHLo] oS ol T
of 9§ AAJt gl7] W&l &8 ol
HYgdct a2y Wo|2AF 717 §¢dE ofa
o] EAFA A Hu E5FELE gAY
ol o3 $ZoE P& Lo o]F AP B
39] AL st 2E3¢ ASL L8579
4 LS Uo7 A5k Dbt w$ 22 A A

L ooy
Kb ot oY 9% oo do B K

B2 N =
o of off %

]
|

&8T5 B FEo] DAFH o) A=A
g 2onz 849 JeL REIH & FAH
T AYS BAFET. ol EEE ol gt A

qdds

SHTAANN &9 AEE AARez A
€ 3°) 75y, o] o AolE A% sjtvE
A PR B SHEEE o18E F T
& $UFEE Ao ASHHE & F ol
X GTA §-AA 88A ITE o] 83A

ZNEAAS

£9& Af3r] fslME 44 AL Va7 A4
Hojof 3t} AAE APANBAE BA GTA &
A7 ALY 293 FA57L £FEH ez
A F7 YE (Low Pass Filter) & o] &3)A ol
g A AlAk ), SHAYS QAT T o)9
Fog EMol Q7HM, Fug BAd AnE
AHEY 10Hz P19ty S35 JddM 22 3%
g Yehlis o ol AL Bx dF9 Fuh4 A Eo)
et Aoz o7 E3 G gl #9=
ojof gl ojFA slME Ao A &5 A
23 Dbel BAEZE 71RE AojA2ule F2g
t}h, o] m AojHsRE 2HEEE ALEET. o
AL dytoz L& T B3 K9 Zo| gy
#o BAZ Y71 gFold, Fig. 49 5= FE =
e old wz=e ER FMEE Zbzh 4mm,

82

Initial speed

=8 B R R

-
]
]
L}
1]
]
1]
1
'
t
T
(]
]
]
L]
]
]
1
1
]

b
(=
L

P Stationary state
L=y (Controlled)

Transitional state
1)) AUC TS TUUUE FUUTR FUTIN FRUIL FRTUR TV PO

0 10 20 0 4 5 6 7 80 %
Time (s)
Pig. 4 £UZo) Ao A PelN &3 &= A"

(%)
1

Welding speed (cm/min)
s =
¥

Welding direction =9

RNPEEEES ﬁ-th !

Lt AT O LR G 5

e a:_'_;_-__;_._______;_ . oo
lHlllll|illHIIIlllIIHIlllIlllllllllI'Illlllllllll”'lll

10 20 30 40

Fig. 5 &5iAlc] 4323"

Journal of KWS, Vol. 16, No. 6, December, 1998



otz gl ANHUEE o] & §HFTH A & A 11

30Hz2 AAste) §HEEE AHFR AHEF
SHE9 ol H=e] £L AolF W, £xWst
o S£HE VL HAFEL P aYAM B &
HAE&EE 19em/min A GAHE e BAFEERE
82 AFE o) &3 £HE &3] 1A E Ao
7} 283 s RAET

3. tt2told Fot=§ 0|8T GMAS
ol olHBiE HOf

=& ALEEtE GMASHZAAA &+
£ AFAA 2R &Hold Py
o wet =ZA $o|d (short circuit transfer
mode), 44+e]8) (grobular metal transfer), 2%
#lo] o8 (spray transfer) 0.2 o] At} o]
3z} F&o)8 FeEjolA AHoR JEF S &

go| 8, Sldols), 2Zgo] ol Foz AXA

Ho, makd v e AR, A HA7
wolA Qo] L gFeld Fe s AHEIA
A,

Getolge] EAL SHAFS ety By, &
2t F3}4 2 (short cuircuit frequency) 8 YERYA]
He d 29 9HAEQ) 9 Fare 54 ¢
go| g FAsE dedA(EdHet AR, &
HJHAA3) 29 Ag 2 §)ol| UAe vh&-& et
W olze AHE s do?. dwty e
2 otz Aue dEFusr) g1 FAHLR
Uetd o ek @),

wok g oA §HFY FAL
ulate] ohokdt dz A wdd v

2 FH9 FAL JvehiE 210& A
stmg Hlwd #d3 Agdzde] fAHA, &
HEe FujshAel Ad, AFAPAA T3
REZ ool o8] FEDF (root gap) & A3}
= 23 v 5 A o FEZAY ¥F
o gafl £FR H= Fo|7t BFY HAAL &
2 (burn through) ©] 2A43A |tk FEIIH]
2A H8 5571 JolAA 9 5559 ¢
B2 o]HH|= (back bead) HHIZ FA 3= &
Zeo] ggdoe] IAA Huz HF o] dAdte o
AH| =9 Fol oA A HH, olRe] FEFHA
E A$ 4o HAEA At o uf FEZNZHC]
AAd wel E£HEEE F7MAIH £§FE5Y

—

KEEVEHE G55 5164 5658, 19984 12H

Fo Mol 2 £4F&e A5H EWFHe] B
Y& ol2o] ojgu|= o7} HE AAY e
of wASE BAL WAL & A Ao 4 &
HERA S5 4L IAHOE Uehye
AL mHvl=e Eolsh B, oj@uz9 Eolst
£, uce 794 adln #2e 550t 5
3 ojWNEL 998 §Y9e YehiE H=RA
248 Yyehis Fa¢ A7t 9k duHez
st By §7ol4 FEA ds) FRHo
2 SRS YT W2 G- £50) ojuA
21 Wz YR zaw oluu=s} HEs)AA
W g2to] wAS Buh geo] BAHY BE

8L ok 3] WEl JHYE Asshe 72

3 d¢lo) Ak, FENAY AFE AREY]
g Ae HEEE ol&ste W FAA
g olgsts WS £ 4 U EF V.
Kitazawa="" T3 £99] %2827 (root pass) A
gEEn4g o] 43 o|Hu|= Aol FI A
T3t+E o, o]lBukA (backing plate) & AF&-3l
ZA0A dFuer &84 g A A
g9 g2 FoIXe EAE o &A1, FEI
Ad) o)ajA oldu|=rt gdfs] 2 AV §2o] W
Aete Ae nHEA Fhrh LW, Kimg2* o
o gtdl7] SHolA oldnB| =9 Eold Jakg v
e FENAH HEL dSFdLz 7x|En
AYHog 13 FENAIN HA §HEEe
BAE o] &8t AEdo] =Ha olHH =S} F
EA AU S| LAsE AL WA s AE
3 olHH|EE UBEE Alojsle Alagld of
3 A1E FY3h

gazuss JJBEHo 2 4w B4 9
on, £50 W& FEA Y dgFase] FA
E Ry, 449 $HEENAN FELRH) T
o wet gl gadtt, 53] o|Hiol
AE AG of= e whateEol 9§ ghojo] Fof &7
(molten droplet) ©] $}oloje] A& 2 HFHo
oA A YA Hu olo] FUAFHI
o3 &§AE Fsdrh o) AH L do|y
HAAHE o2 §3ol8 S Hol= Ao 43HERE
o} slojolo} &R MkAtele] A&rt whuiA &
2HE o §H&Tr} S wet Doy &
s} Zashe dedo] B webA] Fg. 69 2
o] £gx Mgy} gjojojglel YR|Alele] A}
2 4L Ay ol wE FHFE AAHTE
ojg3le o|HH|=E AHolHg W Y53 AFAE
Bgth ojARHo] gl B RENH) FHE



12

--— (]
weld metal

Short circut frequency
T

a L o
g ]

malten puddie
1 L 1 1 1 i Il !

o b

2 4 L3 ) 1 ” 1 16

Distance between wire and front edge of puddie d (mm)

Fig. 6 @735 solo] 93 skel A

o wet deFass} gadte olfe oew 2
ol #3dnt. F, FELA] Y& A5 ol o}
Aol BA Zdo] of=d| osia g5 ol A
U3} ok2e] HEAHo) FoEA Ha wepd A
S NHe AFAF F G5 Fol 54 °
thool2ig A &4 Fol AW VEG B B
Holae] 4RIt AE B WA AL B 5
Atk olst okg2] FEZHZA o] Aol wa} Ei]
9] golE WobA 1 o] FH| =9 $olE oA
aok mEA G §8A Alele) Agle AXA
Hol AR7} st oka FAAIZte] AojAA)
sl 92T} 7437 "ok Fig. 72 W)
o w7l SN FEE oluH=E rhhe
FEAD AY LHSESe] BAE Ve o
g FHoz 3887 o3 g,

1

—_
L
~
E 0% .
£
- °t 4
L
]
a s} J
w
o
-E 7 f
3
g st 4
g
3 S 1
E
a ¢ ]
o
3IF
2 N ; .
0.0 0.5 1.0

Root gap (mm)

Fig. 7 Tdd oM AH sHEE?

N
>
ol
o
2
olo

y =0.01136x2 - 1.61741x + 63.05005

o7} A,
x | RBEF RS (He)
y ¢ AH 9] olHHl=E vl E £ -4 E (mm/

sec)

Ao A3 e BAAE o] &3
Az FENHL FA81
HEEE SHANPORH F53F ojHHEE @
F AE AAAN2€EE &3 = QA o) oy
T AN LS o] &aiA SHE o|HH=E A
o3 AME Fig. 89 Vel a2doA vy
FEZHHo] OmmolA 1. 2mm7}A X¥Hog
ol mhet A4 £HEE AAUY e =5
o Walsts FEZ Ui §eho] ek &
I AT FY0] dojuhe o= PAFS
L=

No gap 1.2 mm gap
£3"
3E
gy *
SE wf ﬂ%&f&m& el
= 2
o
&& of
0
o
o 20 -0 80 80 100
No. of Dat.
(a) Raw data o oste
— 100
22
a3~ 80
£3
os b
Tz
I
n T2 vereied it
]
° o ° © MNo.olDM::o
(b) Filtered & averaged data
§ 0
E
£
H ON—/\/<
5 4
g -
v
= o

2 20 -0 80 20 )
No of Data

(c) Controlled welding speed

Fig. 8 29 7l }g $HEE Aolg AR
4. olZ HHA LAl

CO; olZ8HE 83T 28S doA ¥u

Journal of KWS, Vol. 16, No. 6, December, 1998



ofaEHANN A7) HAUEE o] &8 EHFTHL A R Ao 13

Hohgk 27 TAYEA e AAFHE ot ZE F
A 3te Ao] v S Fastth ey AA - A
A gl 712 o) 93 X&HQ oA 9] UAA
A& FABtE FHo] oYtk ol&EA L£FHFA
BEE T ola 9 HAHA ) oM F
SHZAYRE] AEol o3l of=9 AL #
FetAY BHFY HASE FF3e Uy 2
o] F@Ae): AL Fdo) o3 FsFHTH
aey HZod e ol AP P ez dHE
£HHY L HFe FPEAE TF AFAHY F
77 ARHJT. et B dgoA s o8 o
TAE Y& o] Fol thekdt oj=tAH L Fr)
3l7] A% e dis] AHEy|F g}

Arai® T& CO, ota-gH 9l greto|goA o}
Aol By e debpzta olza Pz s UFE F,
olmF7bol| ] FHHFEME A, olarzgt
ol FFHA(0) & o2 AAALT FHBAE )
weteh (299, 2olA BEo] ol A
2 ZFHAZO F7ME FF 4TS B o2
9 YA FFHAE whH Y BAT ASE
Rolx i}, o] uff ofz9] AHAL SHHE 7
2k wde] o& AAFHUG =F olmA 7Y
EFHUAE £H-H/, otzAdY, sholo] 540
2 R¥3lyd tFIARAE F3y5Hey, olF
FA o2 FHEH o Ao AFoHh®, Ao
Ao HEE s 3] ofm AYd & 3¢S
LIasi= %

o=0.03511 +0.966V +0.116L -3.43

Arc stability

o value (msec)

Fig. 9 ogk3} o}2FHATAY BAP

REBGHRBEE 164 H65E, 19984 128

o : olZLA|7ke] EFEH A} (msec)
VA% ol ZAYW)

1D £38AFA)

L : gtojo] &7 o] (mm)

o
¥

EFHAS} A4 539 &9}
7} Fig. 10282 Yehpjo] o]
W7l ol weh BEAR
3 Z Aol o}z <tAA S Ak}

o e
o> i
Lo U o o3
o o 2 rob

ﬂ\ifgjﬂ-\‘l
m\mﬁ
dr o

N
N
iy
=)

o value by measurement
-
L |

e
1 1] $ 10 1t

o
~
“
-~
-
-

o value by calculation (msec)

Fig. 10 okel AUA st ZF A ske] #A®

Mita? = SHAF, AL 28 23 24%
o

o Be WHE He obze] Aol 35 33

3
& BIAE AAEA ol AV EEBR[T]
. okAAIe] EERA[T), otV HFUF

BEEAAL] otagtdFe BEHALIE of
83t of=z 9 AAFAHE BA}E X4 (index)
Mrate] ofa AN T} AAAAE TGO
o o]E FA 0% Ogn} go] XA TH

W=W,+W, +W,
sIL)  sML)  s(S]  slla],

Wo=ln (3> 38 22 * 236
Ea
W =20n(Z0)
Pa
W, = in(5)



14

oq7]A4,

Ri: HH&Hd 2804 ol=7|7tE
(2)

Ra : olz27|7bEet B39 BTEA (L)

Pi: {AEHZAANA oz 7HEST 39 (W)

Pa : 0} 3271 7+5 (W)

¢ FHEAY

A2 oA W 919 4719 A5 93 o}z g
A Foln] Wi AHYG Gl obmzt &
date d4e vehe FRAAS ot a8z
W LAYGGol A ofarl B N
£ B8] A7 FAAFo It Gl M= Al
| otagtAFA 29 AA £HFHA 9] ofag
AT JBBAE AAHTY) Y8 ALA] ol &
" EHzA8 M 38 PUL 4 otz ¢
AL R god A8 AAsAT)

Fig. 112 $4AF 130AA 24AL¢L ¥A
AFIAA AL AR X ¢ s8] B
ol 93t ofagAA FABAE el E AL
2 oA F7} A& ol AAHL 7}
43T Aoz Yehyi,

Liv"E $34A¢e) & g3l Nz o &
THAE 739 7t M AL HAE MR E &
Hotepa e o) 713 @2 ol P73 A e
2dE, 714 £ H= g wEdtn B8}

5

Power source o
4 Type A O
2 a
3 3 °
=
£ ;
1
2 2 izl
-3 I
o O,
< ! :
g 130a
0 2
Are stability in type A
¢ C®0 O O
16 18 20 22 24
Arc voltage (V)
Fig. 11 130AcA ojAtH A9 ofaA YRS 4
#HEA

ZAEAAE

a

FRY ARG B FEE AT ANE
At AF, At BE HH LHo Y&
g AASRAT (Y1) oA dF AP ¢
Ad §PxHoE AARNE &2 AT AX &Y
o ol9 Lucas®& o29] ShAA o] weta|zte
H3 AFA S} 9 F7)9) FYA AF AL &
URon, Kim’§2 o2 EFHAIe dha
L EEUAE o] &3 NZE FHAEF [o(T,)AT,))
At AdE o] By FHe] FRABAE v
THYLE ofa 9 AHNE PristHTh o]
TER [T 74 &5 2dE o] 24z
ol d¥H o2 Zade Bk

kl mn

30,

CV _POWER SOURCE

~ 28 20 100 % €O,

S0

v
H

WELOING  POTENTIAL
8% 3
T T ¥

»
H
L4
3
-~
}
3
@
H

OROPLET RATE ISOPLETH
3 30 2 1 1 x

100 (1] 130 s 200
WELODING CURRENT (A)

Fig. 12 100% CO.°lM &&olgh&

at

5. ¥ g ¢

0jo

o EHL AAEFNA 71 ®el AHEHE
7122 At edolct, aeju} dobdh 2l ek
L2 A% A Hg sET #F AL I
oA e g st FAAEE ojojxih
Tt SR FA S AFsts AH LR o] Fo|A
of & Fokdo] EHRUTE HZ HArlee HH S
olgd &HTAY AFHE FIAIE AV
HReH, oy 7l o) g EHAFIE
A B A7t ol Fo] Ak B sAelAE o}
ALHETHTY MV 259 &3 £ 2 &
A, olHvlE Av)9%e] BAE HHHAL, oS
ol &% A AojY FHedE AT Bk EF
$HTA R A=A ofadAd S AT A

Journal of KWS, Vol. 16, No. 6, December, 1998



olZBHAN A7 HAEE o] &3 EHFAS A Z A

€ ohANZIZRH FE}nEN EHBAY H
sto] Ao EHELL 4 F e A2dy
o] 7bedEs vEhlY. SoR AFAT &
Bl AE A5 Pl wet ol2NBE
o] &% A R Aojrige] §H7ied] 1x3 |
Bt H3Ho R 7og Ao she)

= °(° ‘{)’

o

[T

Ho
rg

1. S, Liu and T. A, Siwert : Metal transfer in
Gas Metal Welding; Droplet Rate, Welding
Journal, 70(2), (1981), pp. 52s-58s

2. REA, BEE, o174E, £FE  CO.LH
o] wetols] A 2w LA 2P
Zpeke] @A, dig83e3], Vol. 16, No.
3, (1998), pp. 223-229

3. T. Araya and S. Saikawa : Recent Activities
on Sensing and Adaptive Control of Arc
Welding, Proc. the 3rd Int1 Conf. on
Trends in Welding Research, Gatinburg,
Tenn., USA, June 1-5, (1992), pp. 833-842

4. Y. H. Xiao : Weld Pool Oscillation during
Gas Tungsten Arc Welding, Welding in the
world, Vol. 31, No. 6, pp. 379-380

5. D. J. Koteck, D. L. Cheever and D. ].
Howden, @ Mechanism of ripple formation
during welding solidification, Welding
Journal, 51(8), pp. 386s-391s

6. C. D. Sorensen, T. W. Eager : Digital
Signal Processing as Diagnostic Tool for
Gas Tungsten Arc Welding, Proc. 2nd Int L
Conf. on Trends in Welding Research,
Gatinburg, Tenn., USA, (1989), pp. 467-
472

7. H. Maruo, Y. Hirata : Study on pulsed TIG
arc welding, Technology Reports of Osaka
University, 37, (1987), pp. 51-63

8. R. B. Madigan, R. J. Renwick, D. F.
Farson, R. W. Richardson : Computer
control of full penetration GTA welds using
pool oscillation sensing, Proc. 1st Conf. on
Computer Technology in Welding, The
welding institute, London, (1986), pp. 165-

REBHBEIE H16% H6, 19984 12R

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

15

174

A, S. Tam, D. E. Hardt : Weld pool
impedance for pool geometry measurment:
stationary and nonstationary pool, Journal of
Dynamic systems, Measurment and Control,
ASME, Vol. 111. pp. 545-553

R. J. Renwick, R. W. Richardson
Experimental investigation of GTA weld
pool oscillation, Welding Journal, 62(2),
(1981), pp. 29s-35s

ol @ 1 ofZ & Al glojM 9 otz B}
<&, 83T X, Vol 10, No. 1,
(1992), pp. 7-11

C. D. Yoo and R. W. Richardson : An
Experimental study on sensitivity and signat
characteristic of weld pool oscillation,
Transaction of the Japan Welding Society,
Vol. 24, No. 2, (1993), pp. 54-62

R. T. Deam : Weld pool frequency: A new
way to define a weld process, Proc. 2nd
Intern. Conf. on Trends in Welding
Research, Gatinburg, Tenn., USA, (1989),
pp. 967-971 : :

Y. H. Xiao, G. D. Ouden : Weld Pool
Oscillation during GTA Welding Mild Steel,
Welding Journal, 74(8), (1993), pp. 428s-
434s
Y. H. Xiao, G. D. Ouden : A Study of GTA
Weld Pool Oscillation, Welding Journal,
71(8), (1990), pp. 289s-293s .

Y. H. Xiao, G. D. Ouden : Sensing GTA
weld pool geometry by arc voltage signal
processing, Welding & Metal Fabrication,
Nol, (1996),
Y. Suga : Penetration Control in Welding of
Thin Plate by Detecting Oscillation of Molten
Pool, Automation Technology of Arc
Welding published by Japan Welding Society,
1996, 1143-1148

A, F. Manz ! The One-Knob Welder,
Welding Journal, 47(9), (1968), pp. 720-
725

H. Wakanatsu, A. loch, K. Wakanatu, H.



16

20.

21.

22.

Nomura and Y. Sato : Development and
Application of Sensors and Sensor systems
for Arc Welding in Japan (part2), IIW Doc,
(1996), X11-962-86

K. J. Matthes and W. Renatus : Automating
the MAG welding of butt joints,
schweisstechnik (Berlin), Vol. 36, No. 12,
(1986), pp. 536-538

Y. Kitazawa, Y. Nagai and T. watanabe :
Through the Arc Sensing System for GMA
One Side Welding, IIW Doc, (1986), XII-
931-86

otAQE, ZAAE : dH GMASHAAN dFF
T4 o] 83 oA =9 Aojo] AT AT,

23.

24.

25,

ZAE-AAS

oeh-8383 A, Vol. 13, No. 4, (1995),
pp. 75-84
Arai, et. al. ! The investigation for Arc

Phenomena by means of a computer,
Quarterly Journal of Japan Welding Society,
Vol. 1, No. 3, (1983), pp. 15-20

T. Mita, et. al. : Quantitative Estimates of
Arc Stability for CO, Gas Shielded Arc
Welding, Welding International, No. 2,
(1988), pp. 152-159

W. Lucas ! Microcomputer System, Software
and Expert System for Welding Engineering,
Welding Journal, 56 (4), (1989), pp. 19-30

Journal of KWS, Vol. 16, No. 6, December, 1998



