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Abstract

In order to clarify the mechanical phenomena of thermal elasto-plastic behavior on the multi-spot welded
joints, this study has tried to carry out three-dimensional thermal elasto-plastic analysis on them.

However, because the shape of multi-spot welded joints is not axi-symmetric, unlike the case of single-spot
welded joint, the solution domain for simulation should be three dimension.

Therefore, in this paper. firstly, the three-dimensional thermal elasto-plastic program is developed by an
iso-parametric finite element method. Secondly, from the results analyzed by developed program. this has
clarified mechanical characteristics and their production mechanism on single and multi-spot weled joints.
Moreover, it has been intended to make clear effects of pitch length on welding residual stresses, plastic

strain of multi-spot welded joints.
(Received March 24, 2001)

Key Words : Resistance multi-spot welded joints, Heat conduction, Finite element method, Pitch, Thermal elasto-plastic analysis,

Plastic strain

oz a7el ga4ol B Atkn 2o w9, @

LM B 4 A8ERe A 239 ZU4 A8oz Hhsa)
A, oA FeAYe A9 $hsHes 309 @

A8 4434 (resistance spot welding) & &2 Al a4 A o] Brtalsic)
ol 3o] 7t neEY HPgFToz i YA mebr, & =i e &35 HAsE
AAQ] 2AFAE A8t |7 Aol 87 2 HAYEE AP F &3] o S8t o EHA

_P" I‘N
U T
ot olo
o flo J®

& igz}a 2 37 53 2 Be Al HopolA AU a0 8RS B8 BAE A
%Ll:g ’6]—}]] Q 011’/} = h:_}ﬂ 3“/\-1% 9l = 3;4) odE]./\H Eg_:ﬁél%
2, S 4% FHAQ G, W 2 7 A s 22l3 olE ol gsled, ) AsH 2
& 5oz dd &3 FEEC AFRSYT Wdel 4 A FuiA A4AR 9 33 das *34 ke
AEEd, olee FegRe Tde wde] @ wu B ¥lm, HISn
ohet 9ol o & s FUo] Hof g gkl obgel, §14l Ee T FE AAF AN
HE A3 gannd A4 P8y FaREe g AL dsA o e diste gad g
A Aeqel od ol RoigelE Bystn vy ey TS, oA HeA R BAHAAE $9ARE
o that XA A3 - dHoz v|F el HY 2dHF &S] BEEAY R o5 I84 dde
REBEHRLERE F19% ¥O3, 20014 108 499



)

[0y,-Y O +0)+ T

52

—_—
o

oy

o

1

{&)={&}+{&}

Y

Lo :

et

x
Tl

Ll

A gernz SZUAAS] dEFAEANA

d (Isotropic) | BEZ el 9

B

4 flowel 2] meh F24 02 e

Ha-E 123 Von-Mises?| 2

& A

o)

o

4+

s
2|

)

Yo }+{a }dT (6)

D* ]~1
oT

(& }=[D){e }-[D](°L
(&)= {EJ+{&E)+ (&)

3 24,

Hot
&&=(T)

J

¢

3} o] 7
T

[e]

o5

(2]

L

A
7, VO 4a T

[0:-V C)]+aT

~[i ~Jes

oS
ol

0

S|

A

A71A, {7}

2.2 3X

ojn

o}
=
7O
e

o

o

& golxe SHITE o

3} 24,

@®

Z2)
af
b

of

ER
L ()9 azeiagoltt.

. d{D] [D°T'¢ YdT
dT

(& Y= D& - [DU 2Ly - 1D Yar

34 AnFEA (ry)NH 489 £

B

do

B

}

{

3

}

{

714, (€7}

A
Journal of KWS, Vol. 19, No. 5, October, 2001

A

500



g gyl gy 540 BY A7 53
2.4 HMA-ZHMH A — .
90 99 228 FHE e zgo] 18 T y
H7) gong 7t a4d oF FPPAe e
#o] ¥ "
2 [KH{dU} - X {dLy= X {dF}=0 ©) B
e 2 —

d 2
57k A4

71, (K] 849] A%

{dL}: @l % 57}
weha], fAHREH HPAMR deirAdZg W A}
7le] Aoz pAREgon 43 ABHo|de &4

=
FLHE 4(9) At} AL,

HM=d 2 5

[e]]]
=
OII
I

3.

Agt Ae4 1899 34 9 HAEE Fig. 19 EA|
gk o} Zol xe &34 Wk yu & A2 ek
2y U5 9e-E el AlgHEe Age ZHol
(L)=140mm, #(B)=200mm, #F7A(#)=1mm,
A¥ (W) =30mm= 3ttt AHES AHE SWS490B
9] &gty J¥ 9 RWMATZA S 243 8dxde
Table 1 2 Table 2¢ YeRAATE

Fig. 1 Configuration of spot welded specimen and
coordinate

Table 1 Chemical compositions of specimen (wt %)

Chemical
ire C
composition

Base Metal (0.13{1.36{0.350.24/0.11] - ]0.31

Mn | Si P S | Cul Al

Table 2 Resistance spot welding condition of mild

Plate Electrode | Welding Squeeze Welding | Holding.
thickness force current time time time
(mm) (ke (A) {cycle) {cycle) {eycle)
1 220 9,400 10 10 10
Jeldi Top
Welding Numk}er of Welding Pitch Lap Nu;,gtt
speed point method (mm) (mm) dia.
(point/sec) | (point) (mm)
1/2 2 Direct 15 | 30 30 48
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(a) 2-D axial-symmetric analysis,

(b) S*I)vanalysis

Fig. 2 Finite-element mesh for numerical analysis
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Fig. 5 Distribution of welding residual stress in
the multi-spot welded joints on pitch 15mm
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Fig. 7 Distribution of welding residual stress in
the multi-spot welded joints on pitch 30
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