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Vibration Fatigue Analysis of Spot Welded Component
considering Change of Stiffness due to Fatigue Damage

Ki—Weon KangT*
1Depatment of Mechanical Engineering, Kunsan National University
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The purpose of this paper was to evaluate the fatigue life to apply the vibration fatigue
analysis considering the stiffness change of the spot welding due to fatigue damage accumulation. For this,
the mechanical and fatigue properties of base and spot welded standard specimens were obtained through
the tensile and constant amplitude fatigue test. The transfer function of the spot-welded structure was
obtained from the frequency response analysis and fatigue analyisis was performed under the condition of
PSD=0.11. A vibration fatigue analysis that considered changes in the frequency response due to the fatigue
damage that is, failure of some wleding point was conducted on spot-welded structure. The fatigue life
of the spot-welded structure was determined by combining the transfer function, the S-N curve of the
tensile-shear spot-welded joint and the input PSD.

® Key Words : Spot-welded structure, Frequency response analysis, Vibration fatigue analysis, Fatigue life

1. N2 24131 QA7 sk, e Al $2 % 2

A AL A 1000t g g SE TR A =R e 284
o 22 WA oluh A7 53] il Ag o o JTESE AL S A, S
3 slek ek ABASl F0 R A el dajel ¢ o oo oo Bel AR Ren A E

*WAMMKE Z47|¥ (kwkang68@kunsan.ac.kr)
e 20134 128 10Y, 3L 20143 1€ 279, AMEHEY : 20144 28 6Y



2 BIAEsE =X M5H M1

M= thgEEel o Ak #rt ohyel 84717 =
E4A &A= &01 7Fest7] wiol 0421 AR T
OW A Foll itk B3], 215} A% BEo] ek

Froll wheba X}Oh UARE 8-7 o OE8000 9000
7H7} AMgE T 9on YT A5eE Qe 4
AT A FH AR AEa An] A} 9
th[2-3] 2Ey A% 9] R &1 Fol wA
om HEegHRo BEgFor o] AZE L i Yolr}

$jo] wAell wn] Al 48R sk o o

o AL E F Qenw XMH e RE $9S

e op

Mg

L

I

)

Kuf

)

1o

2

oo

)

_{

il

53]

oot

ot

2

™
R

o
B
s
rir
B
oft
o o 4
5t
=
o
o
at
to 4y
)
&
i olo
&
ol
£
P

5
u
:(’)g
[o
i
o2
_O|L
=)
t
ol

i o
P
L
=
o

o

A
2L g

oX ¢

ox

AT
o

_0|L
R
o
=
o 2 =
o~ O
m{E du td
=2 48
> ok
e
i1 o
rir ok
r«O
ﬁOL
fl
B
oo i |
o
2 e 1o
> ox

2
2
= o
2
=
o3
it
ox
o
l
e
o
32
fui
-

Patran/Nastran[6 <
stk F 6719
17H"“] A AzFA %

gatdrt o5 &

2 % o =3k 3i

S oo o 12
N

_1&1—11

tlo {ﬂ

d
i=

(

E oo
-
i
N

g o of
£
o
o,
(e
B

o
=
&
el

oo
m

]_

E,u: m

T

T}

o BNy o

(S oft Ma oo oo nd mo Y

o & 0 ol oox M & do g ot 2

Lo gt
o OE

HJr X
O

[¢]

8]01] ojsle] A1) o] A<
He =2 %@%9] Apr7t Y2pgoz yEhdo
Miner’s rule[9]%} o] <°3&9] & D7} 15t a¥ o
g FEREL g7 SAsi,

— 17t m
D= ﬁ—ff%féa(%)d%
[P]T m m (1)
o s (s,
A7 fs,(

S,) <= k] SHER RS YERdY, 3t
ZlE kot mgte AR =4 ]
EPl= 9] ARFs<t A sk %—?9]
S5 Yehdnh S = AA FHiia, S,
dS, = Y3 2EaPA SIS
LA EE el n,e 2 2 JeERfIdth o] 9} 2ol

5m

= 9 qu Monte Carlo Hr
Aol BAE “540}*
°F F3}e, ﬂvol H
TS #E A8 Y] ~HERHS

o,

3. AF 9 Ay
3.1 M= H AIFH

2 =irol A ARSEE AlEE POSCO Al ol =57
THGalvanized steel sheet) © & RA5-o] F77} 1.3mm
2 14mmE 7HIt =59 T2 84mm T 11.2mm ©]
o, S-S Wik Alsed dr]sietA R e
ofAETS Mg Boltk oo Uit AFEAES g5

71 sletel AFE FAHAON, AAY Tt
[e]

KS B 0801[10]& AH8-8F5AH. ukebA Fig. 13} 22 1%
A@HE 242y THE AR
AT 7l #dd AszE 7 1L.3mmst

[Table 1] Spot welding condition

current | Pressur | nugget
(KA) e diameter
(kgf) (mm)
;’rﬁj’i 9.8 350 67
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[Table 2] Material Properties

test piece test piece
1.3mm 1.4mm
Modulus of _
elasticity (GPa) 1857 1953
Poisson’s ratio 0.3 0.3
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[Fig. 3] FE-model
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[Fig. 4] Power spectral density
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[Table 3] Base specimen of tensile test mean results

Stress
Elastic at Yield | Tensile Break
specimen | modulus | (Offset stress Stain
(GPa) 0.2 %) (MPa) (%)

(MPa)
1.3mm 185.7 203.1 337.1 42.6
1.4mm 195.3 332.7 592.1 215
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[Fig. 5] 6 —e curves of base specimen
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[Table 4] Tensile test results of spot welding specimen 7
~6 R=0.1
Tensile test data Zs COO
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[Table 5] Spot welding specimen experiment compared
analysis results

Load(kN) leplacement(mm) .
experiment Analysis
4 0.132 0.156
5 0.183 0.190
6 0.225 0.234
12000
g 9000 |-
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:3 6000 - fi Test 2
= Test 3
Test 4
3000 = Test5
Test 6
Test 7
0 " 1 1 "

" 1 " 1 " 1 "
00 05 10 15 20 25 3.0
Displacment, & (mm)

[Fig. 6] P curves for spot welding
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[Fig. 8] Spot weld specimen for S—N curve
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[Fig. 9] Frequency response analysis results for spot
welding 3~6point
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[Fig. 10] Transfer function at non—damaged structure
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[Table 5] Vibration fatigue life results for 0.11 PSD

Welding ijs"i‘:i;en Life(sec)
2 2.24x10°
6points 1 2.95x10”
3 2.69x10"
1 0.49x10°
Spoints 3 3,63x10°
4 1.11x10°
3 6.92x10
4points 4 7.41x10°
5 1.31x10°
4 1.82x10°
3points 5 1.73x10"
6 5.75x10™
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