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Development of In-line Quality Evaluation Method
by Analysis of Waveform in MIG Weld Process

Kwang-sun Yu

Department of Materials Processing Engineering, The Graduate School,
Pukyong National University

Abstract

In car muffler assembly, welding of ductile cast iron(FCD500) and ferrite
stainless steel(STS436) is the most important welding process. These two
materials are joined by automatic MIG circumferential welding so that
welding productivity is very high. Attachment of large spatter on contact tip
and bending of wire can make failure of seam tracking to occur the lack of
penetration in weld joint. Also it will make the initiation of crack easily on
weldment due to decrease of real throat thickness and increase of net stress
concentration. So the development of quality evaluation method for the
weldment is necessary in field of car muffler production

In this study, section evaluation method and parameters are developed and
then analysing the correlation of parameters, the evaluation method of seam
track condition is finally described

Key Words : FCD500, STS436, Current waveform, Voltage waveform, Seam
tracking, Lack of penetration, Short circuit transfer mode, Spray transfer mode,
MIG Welding, GMAW
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Fig. 1.1 Schematic of ex-manifold and converter weldment
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21 GMAWS] 93]

GMAW(Gas Metal Arc Welding)e AR AFE AME3le HHoZA
LA 2 FE3he 9ololg UHF & E(Wire Feeding Rate)Z £-§ =0l
FH8tAM HAFE T3t olojd EA AloolA o=t LA ES 3}
€ §3¥elth Fig. 21 oA o] d&Ho 7 FFHE doloje ¥
olzdol &) &g=Ho ola 715 AXN S8AR olPHA HH, o}
7158 &EFAE 7tExE S B3 FHHe R 5712 (Shielding Gas)dl
o3 FH9 7IERE HEETh o] §HHL AMRHE HIvtAY F
Fol @t B Aed, Ard 22 B84 7M2E AMSse A9E
MIG(Metal Inert Gas)& 74, &4 BA7}20te Al8sE 398 CO284,
g7tz 9) A7~ E EFSIA AMSste 38 MAG(Metal Active Gas)
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Fig. 2.1 Schematic of GMAW
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221 7354 3
1) 993 54

FRAEAFEL A FAFAI Mn, SEFFE & 7189 Fig
22 X% Zo] Zdo] FHLE FEH e FHEAN Fx ¥ A4
o] 7}4 ¥t} o] FHL IHFH ¥3F FAY Fo It FH(x
B, A4, 44, Asks, 1271EA4)E 2 54L& et 73S
Az=H e EA 3~4%C, 1.8~2.8%Si 1231 Ad) 07%Mng g3t} o)
A Mn §5F2 FAX 4434 878 Aol AdHEH, AL
MngtFo]l =& A9 §HY T3 AY S54S A2 & U AHE
olt}. o] FHE 415~830MPa®] ¥ A=E 7HXT HWE 2 W&
AAs7l e FEFdE2E Hskol 39, o Aed 2~3%C,
1~6%Si, 0.7~2.4%Mn, 18~36%Ni 18]x2 Ho} 55%Cre I8 4 At

Fig. 2.2 Nodular cast iron
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4zaFEe 28 TAUAE] o e AAn slo) ANl B
3 833717 g SstAR FAZFAFEAE TEIAY Mn, HEEFR
& Fol H7tEo] Sdo] FAeE FEHo UV Y& FHEAM Z
=2 A4l 713 B o] 2L N YT AEAD B9 T}
g FHEAE A48, 94, B35, A27HEA)ET 7HA A7) "7
330N 940 F& oz UAAUG. FHY EFY $HAE
Table 2.1 o Yehf Ao}

Table 2.1 Class and Weldibility of cast iron

Class KS Weldability
Gray cast iron D4301 Not bad
Nodular cast iron D4302 Good
Blackheart
Malleable iron D4303 Bad
Malleable Pearlite
irons malleable iron D4304 Bad
Whiteheart
malleable iron D4305 Not bad
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A, AHEA7IAAN 22 WA E 7HAY, 7134, WEA, WntEAe] ¢
ot HEEopt wl$ FPQAsith vlA = wal sEe|EA), vi=
HAIEA, Q2HUCEA, NEH3A, FEA2AY 5714 F/2 7
FEY. HEolEA 2HAZARL Fe-13%Cre 7|E Ao 31 I
29 @2} C Mn, N, Nb, Tig9 §3U48 2% dA7leld 43 &=
of H3steS A= Yotk HEAHA FFL 43000, WY 2 NG
& #7171 913t Mo, Nb, Tag 718l A8 oz Aldse
4360] Att. F2 o ¥l3Hsensitization) A o] 7]Astd FREE AR
4] (intergranular corrosion)E 7] 93] ZFH3F carbided A A A(Ti, Nb)
S H7FE Aol 409, 444, 4365 0|7 4099 A¢ Co} Cro] whgog B4
A A4E o= 5 glonz Co F/FE 0.03%0l8= =3
gt Zlo] 409Lojn] ¥ Wo) Pitting Corrosiono] HA3tE AL whr] 913
Mog 71 & FHZ 436 Fo] AUth digtolEA 2eElel=Fe AAg
3}5t 2 A& Table 2.2¢) vlw sl e )



Table 2.2 Chemical composition of ferrite stainless steel for each class

om | ¢ | M | si Cr P S Others
Mat
405 |o0.08|1.00]| 100 115145 | 0.04 | 0.03 | 0.10-0.30Al
409 | 0.08)1.00]1.00| 10.5-11.75 | 0.045 | 0.045 | 6+%C min Ti(e)
429 |o0.12|1.00|1.00| 14.0-16.0 | 0.04 | 0.03 -
430 {o0.12|1.00]1.00| 16.018.0 | 0.04 | 0.03 -
a30F | o012 125|100 16.0-.18.0 | 0.06 | 0.15 0.6Mo(c)
a60FSe | 0.12 | 125 | 1.00| 16.0-18.0 | 0.08 | 0.06 0.15min Se
43¢ |o12)100|100] 16.0-18.0 | 0.04 | 0.03 | 0.75-1.95 Mo
0.75~1.25Mo:
43 012|100 1.00]| 16.0-18.0 | 0.04 | 0.03 5+5C min
Nb+Ta(f)

* Comp : Compositions, Mat : Materials
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HtolEA ZEIU2 AL dutdez FHACl U ez FYA
qem, 1 olfre AATER 2= ARl ¥ dHolEelr] Wi
o ¢ 1100T o]dd 2x2 Aedte SAHF 9 §HLITFH( Heat
Affected Zone, HAZ ol M= A Yol Fig. 2.3 oA} o] F43] A3}
oleigt A Y ZzuUiste I L AP HEL dFE MAH FH R A
tAoly SHAFF7 EAEE v QA T o] BT 2231 450T o]
o 7t s HAZ A & 25 EA8e C9 No| Crat Afste Cre
318, A3lE, §ASE & YA ol 52 ZAYA A H&3n, 2H Yol
A3sEA BAo| Zadte YAH FFHAT E3 o] HEEEL YUl
Yoz A&} ol A3 Aol £ MEEL $YFIFTEE A&
&, Bl HEEoUG A& Ec] FAHE AHHNY otE2FHAE T3
HAun & =233

Fig. 2.3 Micro structure of ferrite stainless steel with 0.6mm
thickness after welded by TIG
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23 &35 49

2.3.1 Ex-manifold

Fig. 24 ()& 2529 A2o) FR8e BEog, AAAT A9} £
7hg WEA7)E W7 B(Exmanifold) g YeRT gtk B¢ ez
A T4 FA FAL F2E 2otk A5A v EHoNA BEFL A1

AA B REolg.
2.3.2 Converter

Fig. 2.4 (b)E Ex-manifolds} 9 @5l AW e & Yehlz gk 2EY o) &
W7t P gEol fa7tAE B AAFE ATL BT, 24E HelolEA 2
HA2 270w, A5 A S E ol A BBEF L 2A BE BRI

(a) Ex-manifold (b) Converter

Fig. 2.4 Definition of ex-manifold and converter
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2.4 CTWD$] A 9|

Fig. 2.5 o] A ¢} o] CTWD (Contact tip to Workpiece Distance)= 2 & € o
A A7 o Aloly, olojo] E& o9} ofa Aol UojAr). olad
o] E dAA FAB= AHY FAAA CTWDHSIE 9ojo] E& o9}
o] k. CTWDZ} ol A9 jolo] EEZHole o181, o€ 9ol
Aolvkg XY g FHoloh W&o Lo HAR=V/I)ol g3} AF7E= F7}
A 53 vt 2 CTWD7L 37188 AF+ 7148 "ot

Contact tip

T W - Y- W G —— ——

Arc length

Fig. 2.5 Definition of CTWD
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25392, APzte] o)

F2 ZPZ(Travel Angle)d] e F FH7F dow, FJZ
(Forehand angle)®} ¥ 7% Z}(Backhand angle)o.2 3 33t} A= 9tolojr}
F3 WEHo ¥ o, 1 Z+& HFZH(Forehand angle)olglx FEt}.
ARz EUE daA7| L, vle £ F7HAIIE el Ao
A5 gtoloj7} F3§ g A ¥4 W, 1 7§ FZ(Backhand
angle)olea RETH FA4E 8 ZANAD, HE EE BAAE
A@o] AT AF(EHB)ol BHZ AWFoz o]FE A E FAYPH
(work anglejoleta RETh o] 24 ZAEE WA $HAF ¥ 03 AN
F SHA 45T &Y FRE 3 xHHo A

WORK PUSH ANGLE FOR
DRAG ANGLE FOR ANGLE __ FOREMAND WELDING
BACKHANDWELDING —— o~~~ AND TRAVEL ANGLE

AND TRAVEL ANGLE

. TANGENT
. .. LINE
CENTERLINE _ - \ L
: \ . WELD
OF PIPE ] # PROGRESSION

Fig. 2.6 Definition of travel angle and work angle
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2.6 &3 A 32 & F(Failure of seam track)

Fig. 27 o 49} go] §74 W=7t 87 o] &%o] WHHA Rabn BAZO
2 P4ol I A8 P4 24 BFoldn B oled Fye AUy
WS whEst BstAL 2§49 29E7t AdRe] 2o} spojoje]
Hol ol 3l Hle A9 EE BN} o] 58 A9 22 BAIT} Fig. 27
o Mol eRolA AAZ S0l B REL HIE ke AR wrelg o
F7hQor, o2 d §ARE W EH V2o @ ABA NEY LY
o AEE Fo} B AWA oL s}

Fig. 2.7 Definition of failure of seam track
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3149

HepolEA e 239 §HFE vlEdAo|EE I8t 2 Y 20
3} ol YehtA FHste Alo] Eot ol g & F o Aol Ho )
=, fi o] A71A H9 vl = ToeF-o M 9] &3 F& ok7] AlA Cracke]
HA A 8. & dPolM e JAYzhe Mg 4 2hdAM g v = &
e BE, HFgolEA 2HAEZE AR A3 B EFE A 0
€ AHEA & 83 ol &R dE Y $H2UE FuA S H R A
g st

324dA4s 2 H4AYH
321 4948

B Ay AHEE AEE £ 100mm x Zo]240mm x F410mme] I3
€ ARSI AlE PAFe Fig 319 JElR A Grindingd g oz A)
85 49 Z9E AASY ALSSA

AH2® Wired] 7+ KS YF309LG (JIS YF 309LG) A4 12mm Metal
cored wireo]l™ 7|A3F A &S Table 3.19] 28]l 3}3tAE L Table 3.2
o ettt dE7tAE 98%Ar + 2%0,9] EEF/}AE ALY
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Table 3.1 Mechanical properties of metal cored wire

Material

Tensile strength

N/mm’(kgf/mm’)

Elongation (%)

K-309LMT

560(57)

40

Table 3.2 Chemical composition of metal cored wire(wt.%)

Material C Si Mn Cr Ni
K-309LMT 0.03 0.48 1.57 23.9 124
l 10 100
240

Fig. 3.1 Configuration of base metal

_16_



322 AJduy

|3 =1L Table 333 Zon, MPzte ARNA10%, 5%, 0, ¥}
5%, 1028 ¥ 73l Bead on plate2 £H< 3ttt £4 A4S 93
A FAEE Fig. 329 Yepldth 8HAFE ASFsr] d8lA Arc
Monitoring System(WAM 4000)& A}-8-3}%t}.

Table 3.3 Welding condition

Power source Digital inverter
Welding current 300A
Welding voltage 32V
Welding speed 111(cm/min)
CTWD 15mm
Shielding gas 98%Ar+ 2%02(20¢/min)
Welding wire K-309LMT(1.2mm)
Travel angle Forehand 10°, 5°, 0", Backhand 5°, 10’
Notebook é’m

Wire Feeder

Fig. 3.2 Equipment for experiment

33 434 2 n&F
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Table 34= 7} W3zt x| tig v= oJay @dS el Ao
A7 102 M= 8ol &1 vl Fo] YIS QA & F qUeH,
FAZ0E FFE HE Zo| Folxm 0] BolWE & F7 UNATh
APz 0z oA F3Z 1022 HAFEFE AuA dde] HAsigs @&
& &+ Ay

Fig. 332 7zt 83 z7AA9 vl= E, Fig. 34 Hl= ¥ol|, Fig. 35
€9 Zol& Ut A9 W §HPI=Y FEHo| wAste H
E9%e FEWA] FolAA B go] WF Aol 1 ol
Aspect ratio(bead height/bead widthy= #AXA @t} WA Aspect ratio
7t A0 toef 9] FYHAFTE A HY & HE AEE JHAE
$3FE e F Urh Fig 3.6 ZF 84 A9 Aspect riatioE 1}
1238 Pelag

Table 3.4 Bead shape and Cross section for each travel angle

Backhand 10° Backhand 5° Travel angie 0° Forehand 5° Forehand 10°
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57

56 — -

55

54

Bead width, mm

53 [

52

Backhand Backhand Travel Forehand Forehand
10° 5° angle 0° 5° 10°
Travel angle

Fig. 3.3 Comparison of bead width for each travel angle

229

228 *

227

226 f————m

225 foo

Bead height, mm

224

223
Backhand Backhand Travel Forehand Forehand
10° 5° angle 0° 5° 10°
Travel angle

Fig. 3.4 Comparison of bead height for each travel angle

25
245 |

24 | mmmn
235 [
23 p—

225
22 fooee
215

Depth of penetration, mm

205 |-

Backhand Backhand Travel Forehand Forehand
10° 5° angle 0° 5° 10°
Travel angle

Fig. 3.5 Comparison of penetration depth for each travel angle
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A

w1t

(@) Definition of h and w

Aspect ratio (h/w)

04 |- —— ——

0395 e e e : e i
Backhand Backhand Travel Forehand Forehand
10° 5° angle 0° 5° 10°
Travel angle

(b) Aspect ratio(h/w) with change of travel angle

Fig. 3.6 Comparison of aspect ratio(h/w) for each travel angle
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A4g AN 7 EF 2oddd o3
4 ¥93 2

41 X9

£734 27 B34 ol2E 120 E olgsto] LA ol FHH ] WE
o) CTWDE 248 8ot 248 CTWDF ) A& AF7E Z7keHA Ak
84 270] A G5 AN HH ofAt BANT WelH TFH gho
2 §457) B gl CIWDE 27}t ThA] AF7} 2380 9o,
2 ARAAE o2 B S ENZ st 8HA 31 BFA o] AF H3o|
A2 AHEA %A dnA e 2L APL AT
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4249 As 2 A4H Y
421 4¥ A=

2 AP A8 AgE £ 50mm x Zo] 200mm x ¥4 5mme] 7w
ojtt. ol H 7Y FFE YHo R 3o FENL 2mmE FYY
on gHo]SRe] wAIAE 1 ~ 1.5mm= AA3tEct AW AL Fig
3.1 o YeERAAT-

AHEE Wire®] & KS YF309LG (JIS YF 309LG) &7 1.2mm Metal
cored wireo|® 7|Al&H A AL Table 3.19] 18] 3}8A1E-L Table 3.2
of et 4E7t2E 98%Ar + 2%0,9] EF7AE AFL-3HY T

Table 4.1 Mechanical properties for K-309LMT

Material Tensile strength Elongation
ateria

N/mm?(kgf/mm?) percentage(%)
K-309LMT 560(57) 40

Table 4.2 Chemicl composition(wt.%) for K-309LMT

Material C Si Mn Cr N1
K-309LMT| 0.03 0.48 1.57 23.9 12.4
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Fig. 4.1 Schematic of specimen
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422 43 "4

2 2P Table 439 =02 §HE 3o &HF o3 AAE
A 02 2,25 3mmZ ojF AA JAHoZ &HY FH BFE A
d AZEG. 28 oW AF FF S Hu 43U
44 A4FS A% APFRAEE Fig. 429 Yehggon, Fig 43 &3
A FH EFA ofa AXE &3] A ARE 9oloje YAZE e}
WAtk S4AFE AZ87] 94 Arc Monitoring System(WAM 4000)
& ARE-3A

Table 4.3 Welding condition for experiment

Power source Digital inverter
Welding current 300A
Welding voltage 32V

CTWD 15mm

Shielding gas 98%Ar+ 2%02(204/min)
Welding speed 41cm/min
Wire feed rate 762cm/min

Wire K-309LMT(1.2mm)

Travel angle Forehand 10’

_25_



ACh, Arc A/D Converter
Monioring Syslem

Fig. 4.2 Schematic of welding condition

Deraiiment Omm Derailment 2mm Derailment 2.5mm Derailment 3mm

Fig. 4.3 The position of wire for experiment
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43 43 495 ¢ &
431 €3 AH 2mm olg 43 A

Table 44 £ $34 33 B3N A7 %3 Wss Jsghd Rold
$4 7 EXE ZAZSE 2mm o5 AF oj3l 1FHAN ZAS
°2 FPe BT ¥ + JNoH oW IFAE IABL & & A
. oA EXE 2FH AHZ 993 A2 2% 3R gA ey
2 @ 471 AUk ok=wY Aol 2Fn W A § o AFhe
291A ~ 301AQCH, olze] §4o] AHA 2mm Wold Fee] AF
2 303AL )

Table 4.4 Relationship between bead shape and current waveform

Center Derailment 2mm Center

Wire
position

Bead
shape

¥
Current ;
waveform

F 3

A\ 4

23.5 sec
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432 £HA 25mm ojg AF A

Table 45 = o}z27} &S o AU} BEAZFLE ol 53y
FAHE A5 AF A¥ #H3gS vz g £HAY e Az
NM QEZFoIn, &4 gy Wgow HGE W QEZ ¥AE R 9=
A= L 2 39 34} Table 459 vl= FAJoxel go] ofarl &
AAE o2t 34ET7 LEF ZAZ 25mm °JE3lY FAHH F A
9% ZAS 25mm °o]¥ Hol £HE v= FFL B £ Ut} ofar}
OFH et AR AL HAFFC] 259A ~ 262A9 01, o7t IFB
E "oy EAd FAHE Fee AFHhol 266.7A ~ 2699t #HAH F
2 B9 A$ CTWD7} z4astgon, o]z Qs M gto] =713+ o
F Ak

Table 4.5 Relationship between bead shape and current waveform

Center Derailment 2.5mm(R) Center Derailment 2.5mm(L)
Wire
position
Bead
shape
; ] 1 o
2.5mm Derailed
« Center > |+ 2.5mm Derailed areato R —»Genter, ™= ©"
Current i | ; ; ” il ‘.
waveform Abili A FRT TRy TN
259A 2617.1A f 262A ¢ 269A
i - 24.3 sec >
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433 434 3mm olg A3 A7

Table 46 14} 2ol $HHNA 3mm o|g B B¢ sfoloje] A&
IFBE $7 WMot 2AY Aude A & & 47 A of
2 ggol aFude] AN Hol §H HYL W ARG 269A -
7IAG o, okagHol ZA ol BA HUL W) BRRL 276A%
o S84 oA ARV FHHE B ¥ F AN

Table 4.6 Relationship between bead shape and current waveform

Center Derailment 3mm Center

Wire
position

Bead
shape

Current
waveform
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44 A

SAY 4 ¥ AF A¥ 82 49 2 934 e FES
s F AN

) $84 33 234 o}as) Y4 ITRE Yol 1%ue AU
Et 2A Judel Y49 ¢ 5 A

2) o}z Aol 2R ue AHW ol mA Fude] 94X & A% A
F7t 37192 @ & Aok 2 ofE o2 Qolrt B4 AP FAY
20X CTWD7h zrastsl 99 sjolols] §2olw 7adA =2
ZolE sfolo] Lol AYE P2y B 2 WHAI=V/R)
s HEE F7heA 57) gEoln.

3) EHA 34 BEZFAY AF #¥ ¥sg 893 ¢ 27, £33 20mm
olg d¥Me Hdl 12A F7L &4 25mm o] HFPgMe Hd
10A F7h &34 30mm ojg HyPdMe Hd 7A71A F71g &
g 4 AN
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A 53 dF 8- TZAAN AFsH 3
A=k F4 B7F Y Ad

51 A<

2 dFgixe Y2FB 272 Ex-manifold9} Converter&7ojrx &
A F5 BEFAY A3 A4xde] ¥ vim, EA3t9 £HA4Y
ol o F2A Hrt Y R 1 E3E FUATH

ol Y} HYPoz YAWUZS(FCD500)8F AW E(STS436) YIFH
£ 2449 FY Ay BF AY9ES A8 8 A9 S e
B, Z+ &HZAAAY v=9@n &HF dHEAA 281 §H A3 E
A3 F45A.
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52 43 ¥y

AYZ1A& Table 519 Yehf e, Fig. S1(AHEAA JA2dyFE
=% Bt W)l EXY A% 2 §H T Uitk 2414
ANF EXE 71202 AAMFOZ 7 A ~ ES UEhich A
shae] uEo] AxstA &5l T EAMHARR)Y 170
o jig 1 AgAE B4 WA EAFL Fig. 5200 dehidew, jig 2
AN E P2 CAME SRR 3 WA EAFE Fig 539 et
Wt Fig. 540149 2ol $84 24 435, EX 3mm o|F, ¥3 A
9% =ho2 4¥e AT ol ConverterFO 2w Fojd o
o, 84 34 ¥35 2% EX dmm o 2ANME A4 W73 =
2 2 B4ol gl A4 AYYS ST 23

o) 42 Fig. 559 LehAThH

Table 5.1 Welding condition for experiment

ey

Power source

Digital inverter

Welding current 300A
Welding voltage 32V
CTWD 15mm
Shielding gas 98%Ar+ 2%02(204/min)
Welding speed 111cm/min
wire feed rate 1446¢m/min
Welding wire K-309LMT(1.2mm)
Travel angle )
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Turning direction of base metal

YLITTS

ov*® S,

3 »

* ”
*

Converter CTWD
wing decrease
area

Area E (Upper) ;
1.8~2.2 § Aareal {(hppen

shell
o
S AT E ST
{ Wiy )
shell
1 nner

Areive Hoewor)

Itiner v one

Area C (Lower)

«— 0.3~1.0

a) Schematic of weld joint b) Real shape
Fig. 5.2 Schematic and shape of weld joint
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Area £ (upper)

Area C (lowor)

Wide groove

a) Jig 1 b) Jig 2
Fig. 5.3 Schematic of weld joint for each jig

Standard condition Torch 3mm derailment Defective tip
il Contact Contact Contact
I tip tip tip
CTWD : 15 CTWD: 15 CTWD : 15 \

Fig. 54 The wire position for each welding condition
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Standard contact tip

Defective contact tip

Comparison of
contact tip
caliber and
eccentricity

Comparison of
wire bend with
CTWD 15mm

Fig. 5.5 Comparison of contact tip shape and wire position

with CTWD 15mm
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531 W= o# 52! dd #F

Zt §HXAAAY SHvIE A WdHE Fig. 540 Jehldo. &
HA F7 43 ZANAME olarst 1818 FAHo] Ex-manifold9}
Converter?] €74 oS4 o] FU3A &4 =Ho] vz FXo] 453 ¢
F7F AR AT EX 3mm olF 2z BF AYY AME A
+ o}=7} Converter®] 2] o] fx|ste] &3o] HJon £HA
£§4FEELS 21%H U2 3 507} Ex-manifold?] I1%8 A# §3
o] HEA &M= FAES ¢ F7F AU SAAAF 2P 43
Atol M 3717 84 2] o W&} A Fig. 55049 2ol
EX 3mmo|F, EF HHYY AL ZANME &4 oS3 &30 28
a2 23 AA & EFA7 S-S g # S+ AUk
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3mm movement of torch

Standard condition

aTwn 1

eTwE s

—grE,

H whett li
EoCerm Ia,o i

20

Fig. 5.4 Comparison of bead shape

for each

welding condition

and cross section

Actual throat thickness, mm
[

Standard condition

3mm movement of torch

Welding condition

Defective tip

Fig. 5.5 Comparison of actual throat thickness
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532 &HA F4 EFA &4 93 #F

Fig. 560 zt 8§32 #9& vehlidon, &34 AF, AL A3
Mol &3 7e AREH FAAX # 6Zd2 Uy (Fig 51 32)

S74 34 ¢35 olae 278 o YRR, 53] 1Fn9)
Zol Y& 7 C7 Ee EFANE BHAHA 27189 F4
we} o3 o] % AN ket WEHo HF, At RN W
Fol @A Uehorn], ol2 AF oka AFP(olaA}/ AF)AAMY WE
EE A Y A% £ YQAY. EX 3mm ojg 2dH 2F 7
Y AR 2CME B3 okt AuE dddd 3450 830
HAew 08 s A, ALAYNY HEE F5S & 7 AT
a@a AWE FawHd ATRAME CTWD7L 2Hase] dFgol 3
e ¢ 7 Ao
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The representative waveform of current
in each welding condition

o mpand

Welding
condition

Standard

condition

Torch 3mm
derailment

Defective tip

Fig. 5.6 Comparison of waveform for each welding condition
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CF B EFZeIN AF, AY %9 47} ARE W
A B3AE AN ‘5711 00, D)g A9 JoiA A 7
drel AEA A dEhde & & ATk aeln §HR

T2 BPHA - e § Aol WEAA HW 7d 2R A7 9
%73 937} s HB2 Bd AASE Frhgel Bass) =t »
oo 3ud FA 4uY BhE s A 84 B8 AR sEo

fr
29
)
oo
m

rN

2 F7He Uro] Brlshe wge]l FestA 5.

wa}A Fig 570049} o] & SHATS
AgozA SR HatdE 28 24 YAe
AEsty 77 BrPES Atk

4 BRLOR ol B
S GRFHA He

condition The representative waveform in welding Remarks
Sectlgn The change of
evaluation weld time
method the change of
ideri measure time
consicenng and location
weld joint for each
shape section
Evaluating
Subdivided total :’;‘r"’ time
section subdivided
evaluation sectlon.-i
measunng
method same section
of weld bead

Fig. 5.7 The development of section evaluation method
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5.34 %7} Parameter 7}

TP. Quinn?% 1 9 =89dMEe 235 2 Hr1s 9% gaug
2 ARBEYUSY, YIAF, ALGEZUR, F7AQYL, olaNFEFHUA,
BaAY, TGN AF(AFHETFAY), SFAE AHgEo] £HRE F
AL P, 53] TP Quinn?2 032 7oz 7 Fof J
F8AZANA Dol AR, A}#%Y EFHAE 7HA A 7 vl
d Bl 71€S Y Sk A% B dAFdAEe F £@AE 4
BEEoZ MES 3td Y7t e P HrhE 53 2FH Zo] yo
53 7MY AR, Ad#RY dHF Aolz &£HA F3 U4z F3
BFA 9 Hrr1ES Hste A2 33 #4373 JyPe ndsgoh
SHA 33 3 BFAY HFY S Y BN A FEH|E E
BFTAA Y] HA2AF B, ANAYG BT, F2 AL B, Inm(G 73HE
Imax - Imin A 7 9] P 7), Vimm(Z$ 778 Vmax - Vmin A}t 3 3#), ob=2
A BEAR FFGAA BFAF ol eI S & 571 AN Table 5.2
zt setojgo] dig FE Yehla lon Table 53& =AY data,
Fig. 5894 Fig. 514 Z} seivlgolA A€ dataE o=z o}
Bflo] & FA FaAet BFAY FXFH #ErES JHeg v
ER3L Table 5.4« 2+ gietvulejo] Wit Hrt 71528 UYgdz ok
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Table 5.2 Definition of parameters

Definition of Parameters

Name Definition
P1A Average of minimum current for section 5~14 , Imin
PiB Average of minimum current for section 18~24, Imin
P2A Average of maximum voltage for section 5~14 , Vmax
p2B Average of maximum voltage for section 18~24, Vmax
P3A Average of minimum voltage for section 5~14, Vmin
P3B Average of minimum voitage for section 18~24, Vmin N
P4A Average of A Imm (Imax - Imin) for section 5~14 , A Imma
P4B Average of A Imm (Imax — Imin) for section 18~24, A Imma
P5A Average of A Vmm (Vmax - Vmin) for section 5~14 , A Vmma
P58 Average of A Vmm (Vmax — Vmin) for section 18~24, A Vmma
PE6A Average of arc resistance standard deviation for section 5~14 , Save
P68 | Average of arc resistance standard deviation for section 18~24, Save
P7 Average current for section 1, lave
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Table 5.3 Measured data for each parameter

Measured data

Paramester
name Standard - Torch 3mm
- Defective tip .
condition derailment
Lo S 267A_ | 208A AL
PiB 239 A 268 A 276 A
P2A 36.9V 37.3V 36,9V
P28 380V 36.9V 37.0V
S ., SR N 288V} 285V | 302V
P38 26.8V 2.6V 302V
e A 6an L 67A | ___58A
P48 110 A 72 A 65 A
I 5 SN IR £ 0 A B r8v. . _erv
P58 11.2v 7.4V 68V
SO L SR Stim@ | >%6me ] __ >30me |
P6B 1.77T mQ 6.06 mQ 5.45 mQ
P7 288 A 310 A 300 A
280
& 270 |
S5 -
c oo 260 F
gé‘_
EE20
= L]
<
oz 0
(o)
©
230 [
<
220
Detfective tip Torch 3mm ceraiiment Standard condtion
Welding condition

Fig. 5.8 Average of minimum current for P1A and P1B

according to seam tracking, Imin
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Average of maximum voltag

for P2A and P2B,V

P2A

Defective tip Torch 3mm deralment  Standard condition
Welding condtion

Fig. 5.9 Average of maximum voltage for P1A and P1B
according to seam tracking, Vmax

Average of minimum woltage

for P3A and P3B, V
&
(oo}

31.0

P3A

30.0

)
©
o

N
>
=]

Defective tip Torch 3rmm Standard condition
deralment

Weldng condtion

Fig. 510 Average of minimum voltage for P1A and P1B

according to seam tracking, Vmin
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120
P4A
e £ 100 i< RO
g2 £
TS G0 freereereeem e e
fg(ﬁ B TS T T e T T T e -
A R, -
O >
T @
55 © 1 b
<t R ¥
R = .
0 i
Defective tip Torch 3mm Standard condition
derailment
Welding condition
Fig. 5.11 Average of Imm (Imax - Imin) for P4A and P4B
according to seam tracking, Imma
120
£
100
E_S
> £ 80
2>5
2 L5 a0
TEG
2=g 40
< a
S8 20
0.0
Defectve ip  Torch 3mm derdiment  Standard condition
Welding condition
Fig. 5.12 Average of Vmm (Vmax - Vmin) for P4A and P4B

according to seam tracking, Vmma
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Average of arc resistance
standard deviation
for PBA and P6B, Save

Defective tip

Torch 3rm Standard condtion
deraiiment

Welding condition

Fig. 5.13 Average of arc resistance standard deviation for P6A and P6B

according to seam tracking, Save

Average current

315
310
305

< 300

™~ 295

% 290
285
280
275

Defective tip

AT R R A T T R W S T

Torch 3mm
deraiment
Welding condition

Standard condition

Fig. 514 Average current for P7 according to seam tracking,
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Table 5.4 Criterion for evaluation

Evaluation of seam tracking
Parameter
Good N.G
P1A
~~~~~~ ; 1*6"-"' P1A < 265 or P1B < 265 P1A > 265 and P1B > 265
P2A
------ ;2~ é——--w P2A > 37.50 or P2B > 37.50 | P2A < 37.50 and P2B < 37.50
P3A
—————— ;:; é"---- P3A < 29.0 or P3B < 29.0 P3A > 28.0 and P38 > 29.0
P4A
_______________ P4A > 75 or P4B > 75 PAA<75and PAB < 75
P4B
P5A
_______________ P5A > 8.0 or P58 > 8.0 P5A < 8.0 and P5B < 8.0
P58
PBA
............... P6A > 6.10 or P6B > 6.10 P6A < 6.10 and P6B < 6.10
P6B
P7 P7A < 300 P7A 2 300
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Fig. 5162 jig 1 AMS-Z X &1 FH Y3 A9 43938 Yeha )
th 288 Zo| Yo EXF7Hsection 18 ~24)o| A 2] AF, AY WFo] =7
Hebd S A8 5 Aok Frhr1Eed @ 335 232 Table 5.60] Yehd
O 2 29 $ 1N FH S BH F L A F AR
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1) AAZA(EHA F3 <3)NA 9 Z} Parameter H 7} 7]Fo] i 4= 1

Welding condition The representative waveform measured in verification test 1

Section5—14  Section 18 — 24

s,

L A E e S
1T

1
ik

Standard
condition

o v - - -

Fig. 5.15 Waveform of standard welding condition

Table 5.5 The result of verification 1

Data measured in -
Parameter Verification 1 test Condition of N.G Resuits

P1A a5 A

----------------------------- P1A > 265 and P18 > 265 Good
P18 136 A
P2A 4429V

----------------------------- P2A < 37.50 and P2B < 37.50 Good
P28 4407V
P3A 7.0V

———————————————————————————— P3A > 28.0 and P38 > 29.0 Good
P3B 108V
P4A 286 A

----------------------------- PAA S 75and P4AB < 75 Good
P4B 244 A
P5A 373V

————————————————————————————— PSA £ 8.0 and P5B < B.0 Good
P5B 30.1Vv
P6A 17.82

----------------------------- PBA < 6.10 and P6B < 6.10 Good
P68 11.25 mQ
P7 271 A P7A 2 300 Good
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) AFZA(EHAD 73 F5)oN A9 7 Parameter 7} 715l thg 25 2

Welding condition The representative waveform measured in verification test 2

Section 5~ 14 Section 18 — 24

Standard
condition

-y o v s

Fig. 5.16 Waveform of standard welding condition

Table 5.6 The result of verification 2

Data measured in -
Parameter Verification 2 test Condition of N.G Results
P1A 233 A
—————————————————————————————— P1A > 265 and P1B > 265 Good
P18 191 A
P2A 39.00V
------------------------------ P2A < 37.50 and P2B < 37.50 (Good
P28 40.16 V
P3A 27.84Vv
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ P3A > 29.0 and P3B > 29.0 Good
P3B 2084V
P4A B4 A
------------------------------ PAA < 75and PAB S 75 Good
P4AB 144 A
P5A 11.05V
------------------------------ P5A < 8.0 end P5B < B.0 Good
P5B 19.32V
P6A 6.71 mQ
------------------------------ P6A < 6.10 and P6B < 6.10 Good
P6B 9.08 mQ
P7 259 A P7A 2 300 Good
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3) A Z2A(EHA 3 F35)ol A9 2zt Parameter 7} 7] F o) o) 3t =3

Welding condition The representative waveform measured in verification test 3

Section 5 — 14 Section 18 — 24

2
Wy ww s b

1 ] ] y

Standard
condition

Fig. 5.17 Waveform of standard welding condition

Table 5.7 The result of verification 3

Data measured in -
Parameter Verification 3 test Condition of N.G Resuits
P1A 192 A
------------------------------ P1A > 265 and P1B > 265 Good
PiB 236 A
P2A 39.76 V
------------------------------ P2A < 37.50 and P2B < 37.50 Good
P28 38.84V
P3A 2300V
------------------------------ P3A > 29.0 and P3B > 29.0 Good
P3B 27.06 V
P4A 138 A
------------------------------ P4A S 75and PAB < 75 Good
P4B 96 A
P5A 16.76 V
------------------------------ PSA < 8.0 and P58 < 8.0 Good
P58 11.78V
P6A 7.70 mQ
------------------------------ P6A < 6.10 and P6B < 6.10 Good
P6B 7.55 mQ
P7 260 A P7A 2 300 Good
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HoaRz 35 47

SR 3 F3AY HH S AST AT Hrt e EEo 21 H FF
F32 Aol €L & U AT 2 it 71Edd WE 1S5 AHE Fig.
5180 4 Fig. 5.240] hej 12 2 Lehy 1ok,

Average of minimum cunrent

for P1A and P1B, A

300

250

g

130

100

50
Defective tip  Torch 3mm Standard Verffication 1 Verification 2 Verification 3
derailment condition (standard) (standard) (standard)

Welding condtion

Fig. 518 Average of minimum current for P1A and P1B
according to seam tracking, Imin
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nd P2B, V

maximum voitage
for P2A a

Average o

Defective tip  Torch 3mm
derailment

fandard  Verificalion 1 Verification 2 Verification 3
condition (standard) (standard) (standard)

Welding condition

Fig. 5.19 Average of maximum voltage for P1A and P1B

according to seam tracking, Vmax

2.0

&
©

10.0

Average of minimum voltage
tor P3A and P3B, V

Defective tip  Torch 3mm
derailment

Standard  Verification 1 Verification 2 Verffication 3
condition  (standard)  (standard)  {standard)
Welding condition

Fig. 5.20 Average of minimum voltage for P1A and P1B

according to seam tracking, Vmin
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4

e of Almm (Imax = imin)
of P4A and P4AB, A lmma
3

ag

Aver.

(]

Defective tip  Terch 3mm Standard  Verificalion 1 Verification 2 Verification 3
derailment condttion  (standard)  (standard) (standard)

Welding condition

Fig. 5.21 Average of Imm (Imax - Imin) for P4A and P4B

according to seam tracking, Imma

430

35.0

N0

Average of AVmm (Vmax —Vmin)
tor PSA and P5B, A Vmma
ny
<o
[

Ventication 1 Verification 2 Verification 3
(standard)  (standard)  (standard)
Welding condition

Defective tip Torch 3mm
derailment cor

Fig. 522 Average of Vmm (Vmax - Vmin) for P4A and P4B
according to seam tracking, Vmma
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Average of arc rasistance standard deviation

for P6A and PER, Save
5
o

18.0

18.0

14,0

Detfective tip  Torch 3mm
deraiment

Siandard  Verfication 1 Ver
condition (standard) (standard) (standard)

Welding condition

fication 2 Verification 3

Fig. 5.23 Average of arc resistance standard deviation for P6A and P6B

according to seam tracking, Save

Average current of P7, A

290

280

270

260

250

240

230

Defective tip  Torch 3mm
derailment

Standard  Verificaticn
condition (standard)

Welding condition

1 Veritication 2 Veritication 3
(standard)  (standard)

Fig. 5.24 Average current for P7 according to seam tracking
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