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Abstract

Spot welding behavior of galvanized steel has been studied using both numerical and experimental
techniques. The model that used to calculate temperature distribution within weldment is two-dim-
ensional axis-symmetric finite difference method, and nugget sizes of specimen welded in condition
of welding current and time has been estimated by experiment. Results have shown that nugget
sizes are increased in proportion to welding current and time, but the growth rate of nuggets is
decreased. Shear-tensile strength tests have shown interface fracture when welding current is 7,
9KA, welding time is 8~14cycle and 11KA, 8~10cycle respectively, but above 7, 9KA fracture shows
button type. In button fracture, shear-tensile strengths have been proportional to nugget sizes.
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Table 1. Chemical composition of base metal(wt%)

Element Cmax Mnmax Prnax Senax
wt % 0.15 0.60 0.035 0.04
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Fig. 1 Grid for numerical calculation
KBIGHEB G H128 H25, 19945 65 292



80

o] gg vge ole 2o RANATY,
Hlll

A71A, C.: FY a9 u3T I (J/kg O
H.: 24
T, : 24 2x(C)
T . 94 £5(C)

3.2 A4t ot ¢ 1@

Fig. 2€ o}l a7 a8 44 &d, £3A/7
Zrzt 7,9, 11, 13 ¥ 15KAQ A% &FHAIZHe] 16
cycleo] & w7lA wkAlolZ W2 AT Abole] A
%2 243l PYFgE T FH Eoldh o] F
AMEL AHE, Agto] 27)d = 4zt A
Z718te] Aggel olax, ATode FAFHA
AR} GAZ BoME FEHY XL B F
e, o)A AF7E 4R FeAA Hgtel A
o v stez A= ezt s AA AP
W3tz N & JAT0 F &3 rde 2%
Bzl et 8§EHE ofd EFFY W A
o3 AA Adgho] AAFRAT, Lx7 5ol

0.7

Electric Voltage (V)

0.0 dd e 1 2 1 1 1 1 1 L 1 1 1 1
o 2 4 & 8 10 12 14 16
Time(cycle)

Fig. 2 Variation of voltage drop between electrodes
with the weld time(electrode force 220kg,
squeeze time 20cycle, hold time 20cycle and
electrode dia. 6mm)

293

F £ H-%2 % H©
whe} B A R o) AA Aol FHGo2H Aol
A3 37k Aoz 93, $459 277 A
Z7hetol @2} 2H1¥] (Indentation) 7t AR A 8o]
Faste A% vehiA 2o,

- -
) L
T T

-
o
T

- -]
T T

Time required to achieve peak voltage (cycle)
® o
] ]

[ 1 1 1 1

o

5 7 9 1 13 15 17
Welding Current (KA)
(a)

10

Time required to achieve Initial low voltage (cycle)

0 ) i L 1 1
13 15 17

7 9 11
Welding Current (KA)
(b)
Fig. 3 (a) Time required to achieve peak voltage
(b) Time required to achieve initial low voltage

Journal of KWS, Vol 12, No.2, June, 1994



Asag A H £4A £4AF Simulation

Fig. 3& A9y 271 AX4%= HAoe el
=d Hae ATE £33F49 gt A% a9
oz, AFI 7t w2t &HE WPe #g
Fo] 7o 2N olAEFZ9 257 &§H9
AFo] o &L AT o]FojAL ¥ & Ut A
$459 9 Y FYog UE F ded,
BEA7L £8L% oldoz Laeiztayt WA EHA
A7le 539 A HEE oYl WaHE ¢
YYR(HAZ), 2182 B30z REHEY Fig
4,59 22t L AT 11 2 13KAN A 24 ¢
$§ET ZA(1493C) 2 FFGER 9 FA(7230)
& Yelhlle S24& Azt g Jehpgic
SHARTE 1IKAN = §4 Az F7) 3]
2t 859 AA7 F743n QAT 13KA A 12
cycleo] 2] §HAIZAME &§89 HAA TG0
238 AY FAde AFE Yeha o o

81

A& Fig. 2914 &4 AF7} 13KA) 3 A A|7to)
S7Hel wel Aol F33% dolAe #EYo=m
A9E 5 sled, 13KA ol £HAFAME
4R FHAITO] AUA HE 28R HAH
&8FE0] Hojurte v A (Expulsion) @42 4
Whato] F}InlZE F43) F718kAl e, ole &
FH oz B AN AF7} AFatolg B3l
HE8 Bzt 2A gl Wl A7) A4 A8
T2t AA MG Jee FA ot wep L4
Kol @Zr|e EHAF7) 9, 11IKANME £ AI7Ho]
F7hetol wat AR A, 13KANME 12cycde o)
oA, 15KAYIAME Scycle ©1dNA 8§27} to)g
AAA gkskon, 15KANME 238 13KARD o
e £§%7 Yeid

0.8 ——
0.6 1
o E 1493
0z [ \ 8 cycle
oo CLLLENLVERRLLL e I p b e e i L L Ll
00 05 10 15 20 25 30 40 45 50 55 60
0.8 —
o6 = 1493
04
02 E \ 10 cycle
0.0 LD AL et et e e I i it
00 05 10 15 20 25 30 40 45 50 55 60
08 — ~—
0s [ 14383
g‘;E \\ 12 cycle
0:0 PLPPELLI et e e o b e L
00 035 1.0 15 20 25 30 40 45 50 5% 60
08
08 1493 ————— 1493
4
Zz - 14 cycle
0.0 SRR RSN NENNNNuEERENNNN (BN RN NN SN NusNsN st
60 035 10 15 20 25 30 40 435 S0 33 60
os
06 F-1493 ~—————— 1493
g; - 16 cycle
0.0 JERSESENNENN SR NN NN ER NN INNRSNEEN IBESuENNEE
06 03 10 18 20 25 30 40 45 50 335 80
unit : mm
Fig. 4 Isothermal lines showing melted zone with the weld time(weld current 11KA)
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Table 3. Welding condition used in this study

Welding Current | Welding Time .
(KA) (Cyde) Other Sefting
- welder  pheumatic AC spot
+ pressure - 220kg
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* holding time * 20 cycle
* cooling water © 3 £/min
up-
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[ i i |
- ' we.ldmg ' |
=) 11 time 1
© squeeze ! hold 1 off
I time rop time 1 time
S 1 1 I
o [ )
O [ I
| 1 1
| ] [}
i i H
1 1 1
[/ ' [}
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Fig. 6 Spot welding cycle used in this study
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