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A Study on the Development of Evaluation Method for the
Output Characteristics of Welding Machine by 60

Hun Sung Yoon

Department of Production & Joining Engineering, Graduate School

Pukyong National University

Abstract

Arc welding process has indicated that it suffers from many flaws. It's

because requirement of products is diverse and factors which affects the
quality is also various. Therefore, in order to stabilize the welding
process, it is important to choose a proper welding machine for the each
process, and to evaluate the welding process capability of each machine.

In this study, rational and simple index to evaluate the welding machine
was set the coefficiant of resistance variation through the arc stability
examination such as spatter generation weight and bead configuration
uniformity etc. And the method to evaluate the process capability index was
developed by application of 60.

Key words : Welding power source, Wire feeder, Waveform control, Arc
stability, Coeffciant of resistance variation, Metal transfer, Spatter, Bead

uniformity, 60
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211 949

A% sholols AR SE(Wire

GMAW(Gas Metal Arc Welding)= &% 3
452 S35k stololsh Al Alold]

Feeding Rate)® £-§x|o &3t A
A okziz HAEEE & 3ol
Fig. 210 A3 dxxoz $3=E goloe oaged s8] &85
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Ht} Table 2.10] GMAWe] 21838l BE 71229 FHE UHEhAUT
B AR AE CO: 100%E AHEsHE CO» 88& AH8-3HHTh



Table 2.1 Shield gas of GMAW

A = B3 7Fx
Ar+02(2~5%), Ar-CO;
g% A 7
CO;
AI'-OZ (1%)
2 le) 27
Ar-O» (2%)
Ar
dFTF Ar(35%)-He(65%)

Ar(25%)-He(75%)

Wire Conduit tube

Shielding gas

Weld pool Are

S A

Wi

Base metal

Fig. 2.1 Arc principle of GMAW
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(a) Globular transfer (b) Repelled transfer (c) Projected transfer
(d) Streaming transfer (e) Short circuit transfer
Fig. 2.2 Various type of metal transfer in GMAW



Fig. 2.3 Short circuit transfer mode at CO. welding

Fig. 2.4 Repelled transfer mode at CO:

welding



Current ] Afime —— /L‘

Reignition Extinction
L Arcing period
Short- [
circuit
period
Voltage >

Ifornwywl

Fig. 2.5 Transform of welding current and voltage

by short circuit transfer
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Breold the, HAo] Aol ojsjH mE&AlolHe BAY F AY

= 7

2 o

e e Z2AY vgvE 840 Bad A AgrgIA Ao A
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— {1 ___}E:*—eﬁi
|
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Main control | | Feedback
PCB control

Wire feeder

Fig. 2.6 Usual composition of inverter power
source
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Fig. 210 Concept of Cp and Cpk
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Fig. 2.11 Concept of Cpm
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Fig. 2.12 Concept of Cpu
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32 AgAs 2 Wy
321 AdAS

B Al AMEE AT SS400 AFHE Agstsa, AW BT Tig
310 Ul AMEE gholoje] FHE KS YCWI4(IS YGW 14) 27
1.2mm %2 T dololE AL, BEFAEE 100% CO: 7h2E AR
&t

? 300
| -

Fig. 3.1 Configuration of base metal
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2 Agd ALgE 8HYE 7l HE o3 $HM(CMAW) F COEA
Mo A£3}d Bead on plate 285G

271 A9 98 AR FAEE Fig 320 Jehidch SHA¥e HA
£ 350A9 CO/MAG I8 £344& AHgstaen, 84 #Aw, A
9 g 9ye AZE7) YEiA k= 83 ZUEE A 25(WAM4000N)-&
g-gatark

Table 31 €8 27L& uUglles Ro2ZA stolo] FF&E(wire
feeding rate)= 150A0] &B3te 372em/minE  StASH, HHST
50cm/min, AHE T 2 Lele] A (CTWD)E 17mm, Hazke M7l 3°
AAsHA dAsHAT

Aghe 29 AGozA 18~23VelA ¢ 1V HALE HBAATIY HF
&tk

—
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% C02100%
; Carriage CO/MAG
Power sourcg
C
-+
!
1 1
Base metal |/ — ] |WAM400ON
Timer I E
— ;
oo
Wire feeder /7
Computer
Fig. 3.2 Equipment for experiment
Table 3.1 Experimental conditions
Qutput|Traveli Progress
Power | W.ER. tpu e CTWD Bt ) )
_ |voltage| speed angle of | Shield gas| Wire
source |(cm/min) | (mm)
(V) |{{cm/min) torch( °)
Forehand | CO, 100%
Inverter 372 18~23 50 17 o lYCW 14
3° 20 1/min
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W=W,+Wg+W,
W, = In(s[Ts]/1.3 x s[Ta]/3.8 x s[Is] /24 x s[la]/23.6)
Wi = 2In{Ra/Ri) _ _

W, = In(P./P) _ (3.1)
AT ol e AxE oS Bzstel A2 HesrldE 49 7
Gee me oz wA AvE BT A25e ofa dFAE =3

Arh 2, 29 dde] Bow olZrt Bobygstan Ay dAPe] Ao
W olzyl At E wEEA ot ofa A4S AFA=R HsH
= mgy ovtm wedch E3L Fig 3.4% Shinoda $%0] of=Z <Hg Al
thate] A Hoegx FRAZ WE Aty HF{e HEHE VA loopE
Uehd Aelth g3 oleld Vi loopz ol= AL HET HoRA
V-1 loope] B3] Aomw AHe4E, HHo] 44 A dAEFF of= A
o] $ssitie AL vbekd Zlojdh Fig. 35% Chod @77 &g Ao
2 A7 M= otz AR AF=MA BH AT el HEA S (Coefficient of
Resistance Variation, CrV)E AMEst%th ol &9 4 (32)= A2k o
Ztt.

AFASAF(CRY) = EHAGe] xFA% / SHATY HD (3.2)

ot Hg BeSHAE FelFem oka bddE BT 5 AE AR
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2 Brgoy of AdAr BA aFHRela ST Hesdrh o
G B ATl ooy AYUEALE o} wHA AFE WAL
ols] GMAWS] QoiMel 24 7Fs4e Hbsh Bt

8

Shoct Clrcull Are
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Voltage

[
o

Voltage [V]
&

= -
1 /N s
8 Fd .
S e ' N 5
detevinae Shorl cegul 0 arg 100
Current JA]
Fig. 3.3 waveform factors selected
for analysis™” Fig. 3.4 V-lline diagram”

T

AN KS E43:3

() KS E4318
e 1

06 [

0.4 | —
r N 7

02

Coef. of Resistance Varialion
T

] —L
Shorl Standard Long

Arc length

Fig. 3.5 Relation of arc length and coefficient of

resistance variation’
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= A0ZN GVE 0962 Uehlth o] 2dAd e otz doel7t AYaE
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~ Welding current |

mmﬁmf N ﬂij/ﬁmﬂfu\r:ﬁ Sl ARRINE petis ince

(b) 0.1sec welding period
Fig 3.6 Waveforms for CrV 0.65

Fig. 3.7 Bead shape for CrV 0.65
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(b) 0.1sec welding period
Fig. 3.8 Waveforms for CrV 0.96

Fig. 3.9 Bead shape for CrV 0.96
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e

(b) 0.1sec welding period

Fig. 3.10 Waveforms for CgV 0.50

Fig. 311 Bead shape for CrV 0.50
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20+

Welding voltage(V)
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Fig. 31228 V-I loops by CkV
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Short circuit time ratio(%)
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Fig. 3.13 Variation of short circuit ratio by out voltage
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Coefficient of resistance variation(C V)
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Fig. 3.14 Variation of CrV in out voltage
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S A=387] 93 oz £ EUHH AW (WAMA00ON)S 2835t
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(Encorder)E ¥ #3tc}h Table 412 §4 27A& Jehlle ZAe2M 99
o] £F&%(Wire feeding rate)= zz} ©@etols) F <l 150A 9 Ego| 5
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50cm/min, A EI T AALele] AZ(CTWD)E 17mm, APzt H7 3°2
A A ARG Age 28 AgowA 7 EHALY 54 w5
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% C0O2100%
. CO./MAG
Carriage
Power sourcHd
[
-+
]
L] |
Base metal ] | WAM40O0ON
Timer | I E ||
— %
oo
r /7
Wire feeder
Computer
Fig. 4.1 Equipment for experiment
Table 4.1 Experimental conditions
W.F.R. |OQutput | Travelin Progress
Power ) ki 5 CTWD &t ) )
(cm/mi | voltage | speed angle of |Shield gas| Wire
source . (mm)
n) (V) |{cm/min) torch( °)
Thyrist 372 20~23
YHSOITg15 | 23~30 Forehand | CO; 100%
50 17 IYCW 14
| Inverter 372 18~23 3 20 1/min
915 23~30
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Fig. 4.2 Inside structure of wire feeder
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422 A3 g ¥3 A9

28 P& $8te] WES 28077748 = o] 248 27| E Fig
4337 2ol FA 2mm TR0z AFsd HAEE AHHE 95hoH, A
of BEg AdEHe EX 2 AUgd 2R 2dEHS Lo] T3
100mesh(200um) o} Hxl4-g o] &3 2sE el £ 8 W (slag)E A
A$ F resolution 0.001ge] vlA|A-&& A&t ~dele] FAE SR
.

< 600 >
4 -

% e

250

Fig. 4.3 Appearance of spatter gathering chamber

_86_



423 = 3o 4

Hl=9o] Z3 FolE ZHA3l7] 93 A resolution 0.0Imme] Ho]A &&
Al A (laser slit sensor)ell 2]3F o)u]x] ZE=Z )4 (image processing)s ©|-& 38}
%t} Fig. 44% olv|x) T2 M4 AXE WAFE Aoz &3Fe Lol
B850 150mm T2E ARAA AN TomyAeE F 1507004
M= Z3 wolg =Wk

Fig. 4.4 Image processing for bead configuration
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TFAUL7E AME 7T Hohe 31g Yv gt
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& 3% HHFE AFs 237 "ol 1z 36077 AdE e, o=
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