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Fig. 2 Schematic Diagram of Monitoring System
for Resistance Spot Welding Process
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Fig.4 Dynamic Resistance

ag 3@ ¥ 3bre cdx=sdud A+
truncated cone type?! Z$-9} dome typedl A5 AF
EAEE Yelud, 29 4()st 2¥ 4b)e 39 ¥
Ao ME FAFE YEAT. 29 3% 2¥ 3dE
dome type A& AHSH 79 KS5032-T49 KS6383-T4
B ALY ASo AFRMF ool KS6383-T4el u]dte]
KS5032-T4¢] 3#4o] ©l S BtAgsy o ¢ 839 A
Hel AFSL AHsY AAF A5 1Y 553 85
FGRdq 4 7Y 2 71Fo] #2sUG. dY FAY



AZE JAYAZE £ ojAxFFRAA Jend &
¢ resistance drop(A 8o} o= Ax A5H F AFH
oz Fasis @A)l Held g3 A EHE Age] FA
sto] 8-§o] Uoly AFH o029 §slol Yol FA
F& 27 4) 2E ADAF BFFukRo] dAEA F
= A4S Jebddd wigla KS5032-T4X T+ KS6383-T47T
0% 8340 dold Aoz g4

Fig.5 Cross Section of Weldment (KS5032-T4)
29 63 Zo] YA ATy FEARY AY A3
AN A%/ Edg0 FEUAA $80 dojy 23
zge Bggud FAo 29} SAd IR5Aq g

Yztoz {E%¥E FEINAHY SFuERId 544
&g d% IAHY §§¥9 RRd 71T € ¥
LHAEE JepAr), olzj@ #d #E J1F $A4E oA
5t7] fste] §HFIA AF9 AYAE EolE 2971¢Y
ol BastA dEd. stA ¢FAo FTHE T/ Add
€ AHgshe 71 AAA A AeVle ALY &
g Fte aste Ao SHEY FL ANAFTG 4
A7 odd. ol @ 209712 WA IYAFAA A S
32 gle 4AFTAA A4 FLavde AAL] EAVL
stk matA olE g Fd W J[Fe FAE A€ 294
9o A3 LA SHAYRE AR & U=EE 4%
71 AFE 2AYo=N £HZFEL FAY 5 0. 2
H 6(@d4e 5ol By Tuz dUdFE AA® 3
T 88X FUEIA 29 ® 71Tl AAHY ol G
4349 $3=EF dete AFEALTA WYdH
g 6)AMAF Jdedt. 29 6(c)E olad SHAH
€ N4ds7] 98 83 999¢ aAzez g F
A& A9 FHfold. &, §7 Adrio] AAAF 30%
qA3ste dYH S 71¥ ¥ 6Cyclesd 44 BHAFE,
F71°t 55%9 AFE 4z 5CycleF et 718t Wye=
21 A4 2849 deiy, FE W 7]Fo] A
A e oHd IS 2 GG AJTRAAEY 7Y
ol 29 6ld)elr}. olzi§ SHEL AAM3] nAsHAE UF
E $E2DE AFAA F2 AL fd F8 AU
Yagddgely oidEgAudE e B3 542
A, olai§ HolH2 AY ALY FH 2UHG A
3 ASEHANE == FAY A5 wddo. oA
°olg RUHY A3 JAHY 1%L UFuy ¥$24E
9 Ag 444 54< wotsr] dg 1x A8t 2.

H

(a) Cross Section of Weldwent (b) Elcetrode Movement
(Electrode force=290kgf, Welding Current=26KA, Cycle=8)

Oynerets sapncs frio o)
¢ _ .

(c¢) Cross Section of Weldment
(Electrode force=260kgf,Cycle=T1:2,T2:6, T35,
Welding Current=I1:7.8KA, I2:26kA, I3=14, 3kA)
Fig.6 Cross Section and Electrode Movement

(d) Elcetrode Movement

@Y AFUEHI-AETAR 1FARY AY A
d A¥dAE ¢FvE 238 A L3NS 4
@ AFEAAZY B9 vd. 2F T@e ¢F9sd
BEZL A2 F72 Smm=E }AEITAREL 6mm=,
ag 70b)e SFEHITEL 239 H4 & 15mm=2 o}
AEFZREL 6mm= 4HY 45V RS AT
#e] olFARLHA AFRAAsT. a2} £33N @
w-& AgEn mounting, polishing, etching® ¥ 443}
@ ¢ 8AA olFAr A S 440l @ A
Ex7t 4ddAoz AL old=EFRRFoEE F 4V ¥
AEA L AL B F

2
2

§

[RE——
§

R —
N
§ ¢

i

(&) Upper electrode(SGACC) :6mm (b)Upper electrode(SGACC) :6am
Lower electrode(KS6383-T4):8mm Lower electrode(KS6383-T4):15mm
Fig.7 Electrode Movement (KS6383-T4 v,.s. SGACC)

Fig, 8 Cross Section of Weldment (KS6383-T4 v.s, SGACC)



7l g AZALIA ¢ ¥l Yol Figdb)e
28N d9%e A BAYL oAEIAVY Base
Metalg eI Fig9)AAE SFulatae 483
s} Base Metalel AA2o] FAA teEvs Jzua e
Z7ld BE F5¢ PFoz HAZL A9 £A9A g
LR Y

B2 ires

(a) Cross Section of Weldment, 27X

Al Ka
Y
1 2
Fe Ka
1 2
Fe K8
.|
1 2
0O Ka
1 o 2
Zn La
(c) Interface of Nugget(above) and Base metal(below)
in Al-Alloy, 500X WWM‘\H
Fig.9 Photomicrographs of Al-Alloy & SGACC Spot Weldment 1 2
Zn Ka
Fig9(a)x 4FvERI} oldxa328e o|FAsE
A2 @uirdolct. AFulEPIHe A TipAA ol W7l
HEd AzEAe ¥YL A9 JEYA gn PY4d 1 2
A% el Fol Wob UFWFUT £8¥5H RAA ol 10,10 EDAX spectrums acrass the fatertace betveen
o AL FosT lAEITFRTY ATTipAAL # SOACC(left) and AL slloy(right). SOOK.

_54_



Fig.109] A}dfA S FEZAL 6§01 9
ol g oldEFZUFL §§o] YojA Ysten &
FoEdE 269 959 FAAL Bonding(A3)d ¥
HE VEAY. dFuERITH AEITARY AANY
sotzgaste 2487 fige 1 A4 2 AAY wd S
EDAXZ Line Scandte] 33 A2H=dL 7 d2E9
WAE vgdg. 1 XA E ¢FuEe A YA
Rov HAARS] E28FE GFuw WFol FZ
715, Ao ¥%& @ol vehle Wl FAR SN =
%t EolEY 249 FASAUA ALY i 4A |
. old§ FARITAN dFv]EH de o] dojriy
A2/ gFoz BEFH}

5.8 ¢t utA

2 dydME EFuadIe AFH £JP& aFs
7198tq AFS ASYEE PINE =d02 AHAH
i Agsdn. A% £33 A48 £8%9 94
F3& F YT 3T UL gAY AFR
HgA3zE FAYo=RA S8&¥Y ARAAL AHAH
(Qualitatively) &2 &%t}

FARIY AYHALHL L2840 2 ARK A
FEEE ¥ol7] fstd ASTipdA9 Z7lg d¥dd
Agsidon jAdxIZWL £8o doluA gL uy
LFuFEHS &8 5o Bonding(F§)o] FAHA
B gRuEg3%ed A3L A xud g9
(Indentation)o] A9 dojv}A go} W EHES A4S &
A 448 + A

YR EHT SHAN GAdEe 2 © 7139 BA
€ Aste] 849 AFA4L 7 d98 F= FAY
Hgusst AFRAASE ZAs1q, o8 TAZ FIR
HE98 458 =485, $IF5A AF9 ojuAg
< XHE Welding Scheduled] Ado] Wesdg. & A7
9 Ade ¢FuERS PN APT Welding Schedule
g ALH A BATRPAAN olAET R} gFulF
a3 oFARY SHAA AY 7IRAEE ol48 F
g& Aeoln).

<Fagsh

1. Metal Handbook(D|=242}8|)

2, Welding Handbook(D|=8 3 &f8()
3. Resistance Welding Manual{RWMA)
4. GEDEON S. A., SORENSEN C.D., ULRISH K.T., and EAGAR
T.W..1987, “Measurement of Dynamic Electrical and
Mechanical Properties of Resistance Spot Welds”, Welding
Journal, Dec., pp.378-385.

5. OWUSU-OFORI S.P. and WU S.M.,

1983, “Signature

Analysis of Contact Voltage of Resistance Welds”,
Welding Journal,July, pp.185s-189s.

6. GOULD J.E.,1987, “An Examination of Nugget
Development During Spot Welding Using Both Experimental
and Analytical Technique”,Welding Journal,
pp. 18-10s.

7. WOOD R.T., BAUER L.W., BEDARD J.F., BERNSTEIN B.M.,
CZECHOWSKI J., D'ANDREA M. M,,and HOGLE R.A,,1985, “A
Closed Loop Control System for Three-Phase Resistance
Spot Welding”, Welding Journal, Dec,,pp.26-30.

8. H.S. Chang, CHO H.S., 1990, “An Iterative Learning
Control System for Resistance Spot Welding Processes”,
ASME Automation of Manufacturing Processes, DSC-Vol, 22,
pp. 129135,

9. CHANG H.S., CHO Y.J., CHOI S.G., and CHO H.S., 1986,
“A Proportional-Integral Controller Compen -sating Spot
Weld Quality Variation due to Electrode Wear”,
Modeling, Sensing, and Control of Manufacturing Process,
PED - Vol,23/DSC-Vol.4, American Siciety of Mechanical
Engineers, Book No,HO00370, New York, pp.83-93.

10. CHANG H.S. and CHO H.S., 1987, “Estimation and
Control of the Weld Nugget. Size in Resistance Spot
Welding  Processes”, Sensors Manufacturing,
PED-Vol.26, American Society of Mechanical Engineers,
Book No. G00405, New York, pp.215-227.

11. CHANG H.S.,CHO Y.J.,CHOI S.G.and CHO H.S.,1989, “ A
Proportional-Integral Controller for Resistance Spot
Welding using Nugget Expansion”, ASME Journal of Dynamic
Systems, Measurement, and Control,Vol,1i1, No.2, June,
Pp. 332-336.

12, Lim T.G., Cho H.S,,and Chang H.S.,1991, “Estimation
of Nugget Size in Resistance Spot Welding Using a Neural
Networks”, American Welding Society, 1991, Annual
Meeting, Detroit.

13. olye, USSP, 28Y. 24,1992, “oleiz=FZe
HY HEMoIM MH=YR oS8 8% 37|19 o&
et J37, e SR HAstS02, pp.91-95

14, 289, BN, YA, 1993, “MEY H2FoM o2
M ZYS 0|88 SEFYo| B A", QBty|AHEts
=23, 283, pp393-406

15. EF, =YY, FHEY,  AJMFszYR 0| X
B HENe SHHA, ot SHets =23, F 1A, A
25(1993)

16. LMY, MBS, 2HE, M “SSHYM HEES ¢
B GMAMEOIY " disteyets] AANEOs
pp132-134 (1993)

January,

for

=
=23,



