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Design of Spot Weld Based on the Durability Influence Index and the
DOE Analysis
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Hyung Bai Byun and Byung Chai Lee
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Abstract

A practical method for reducing the number of spot welds in autometive structures considering
fatigue crack initiation life is suggested. At first, an influence index for the durability and the fatigue
life of a spot weld itself is defined and then taken as the main effect of the DOE analysis. Spot
welds that can be removed without serious reduction of durability through numerical experiments are
selected by the results of DOE. The proposed method was applied to the shock tower and LCA(lower
control arm) structure of a vehicle, which are important components in durability-related point of view.

1. M B 5, A A v 8o A B 3 o
52 98 B4 £8 FlAY A Y
A F2EL ZYPstE WL Aot & 3 s, F2E9 FAHL BFEF AwA 54,
A BEEZ olgd AF T doEAw, AE T 54 59 AA 212 HES {0
ARE MR B JA FREIN HLFLe ool W, FER E4Y FERe W
za% 29 ootk £AAL =& AFI= g 2do] AA F4e e AW 2FY W
TR Yol AEH7] fEo] HE&3 AA ste FAESE] fEd AR 2fF E=E
met ARY T2 S P2 f9e A g FEAC wHa 2 F o 23 384
AR S| A TAY DA LWL 1) Azt 243 AT 549 @ PAE 9%
g3 Ate] A7 =9z LA Aol 97 u € 51 B9 7 5S4 o 93 9FE £
2o 7% gate BY 2T nejsd g
e HAgste A7/ desit W B 53 B4 s d7AES 9
NE4e AYstn A4 AAE ALY A7
T AYAR, 29, aEA e AT g wasia, 83 A4 5571 4 &
E-mail : noori.choi@gmail.com & a4 ARE AgH oz AFHHAL"™ Zhang
TEL : (042)869-3071 FAX : (042)869-3210 7} Taylore Y 7]£2 g4l H2 $FHE AL
* @EAetred 7)AT st} o)g AF z7oY ZHFFEZ 243t
oM dhEAER A3 98 JHARQALO 1% Bu9) 55




HERN W7 dF= Are 27 AN

Hol BYL AR AFAEL AAY J_le
FAANBN B4R $E Fols AT
G0 w2 +99 BRI 2EAY
=95 283 9AY YL A4sas
= AYHIF) A F o]F ATolAE
B3 AEHLe A A3 B 222 Ede %l
of HaRRolNe AFe AR mEA] ol

0

Oz

. —L! mlo ob m{m

< 2oz 22937 A3iAE §3FAM 2A
3 Aol dAHo Y. @ E—ﬂ]%ﬁ% 3
23] 93 FH2de HEH 248 &Y

4872 AATAE AT LA

2 QFAE A& AAdN W7 Axol
$e A AL 4P SAEL AAse 47
Adsie sm, 49e B $889 +9e
Mol AAE S£RAL AAY Wur ggg u
Ae dgh A S AAE AR |
ggon 729 Ha 59 VAE 5L 3
4517 ghgkonl the Aol AWF ke 2ol A
49 WF 45 dESE JYE AFE 3
ottt E9, ALY JYE A5E APAY
Hol Agated A8 AFE FolHA YT 7

of

r{N fr WE oy ook
f

NN

°o

i

= AE HazEs WHES AAdn olE
A AHEA FFA &3 2
2. Y FEx X2 Hef

A AAY LEAA LR AAY
A7 wgsts Ae 2 29 ) W
AolEZ 1 JPEg A5H WEE of
AAeolE oF AdT Beb B Aol
el A4g0) AA 443 =de) U7 5
Holl BlAE JYES sl Ae3ol AA 5
e W the A4 £9 wshd WAL o
woz AU, ols A2 ehi
Al S Yuio) A8 AT ¢ Ao &

rlr & rlr

dATeMes A8RF U«HL ¥ ATE e
Zo] A8t
_ 1 N (Loj_Lij)

S"_Tvlgj L, 1

A A SE 83F i WiF 9= A5
g dulgt] N2 2do]| TgE S¥H A
MeE dudd. =g, [,& 833 7t AAH
71 A9 $3A jo £9E, L 3R 71 A

=2

e 3
2 07 A4 B ARHos AN S
o e WaEe s B wWelx 5
9 wskel Auizgel 2ok HudE Q8 $9ol
2 BRolAe Wi mr: 9ol g B¥o|
A9 $39 Bl H 2 onie

A3 AHEEA ¢

7] uﬂ*v—oﬂ
@3 Ao W3t

&
o
o,
T
o
P

&E A}%ﬁ}‘ﬁt}.
A, A MAM AdAd dsE asto
LH-?- FFE Aol Pt AAT AY 7
Bl 7he FHAe £l 3 ge RAE
%?4_6& zoz 7846}711 g B¢ Wre 23
A4 o FLF FEY ARyt FEE HIHA
% 5 7 uﬂfoﬂ F9 e w2 AEsA
B3 o5 2ol 38 238 AY A8 £
At

l

S = _1]\_72/\,] (Logm([,aj) —Logm(Lij))

inj LO!Im(Loj) (2)

ol 1 AAE e w}m 84
oAE Je AFRo yehd + g

3. HET Xiset MY AHYS 0|88

o
HEY 4

T 2 sz Fre B HAse ¢ o
2 dgol wAY FAY Aol obd FEFol
2 47 WS WEst £l uAE Ggo)
23 F7] Yo DT ARE Ao AL F
gtk w2 dFeAE FERe HHT)
of ue 9ol Bse AyHoz nHY £ 9
e AYAYYE AHgaiith 1A AHARY
o B4 LA 252 AN FRuAES}

L7 )
7 Zol 120 2 % FF mo) wet A=
2, 299 257 L,(2), Ly(2"), L,(2®),
L32(231) .2 "]’E}‘ﬂ T MOB‘ é"‘]”qog
A7 B 7} Foluw 1o me} ol Be fo



1144

oE
el

e -

=
ox
=)

Durability
Analysis

Design
variable

DOE

NASTRAN
FE-Fatigue

Durability
influence

Fig. 1 Procedure of spot weld design

FE model of an LCA

SL

A8E AFslol LE}

old ¥ BAAL HAs7] 8 B dFoA=
AAld m2g % Ao & ¢u HAe
g8 £ 1 d9E Rz 49l
et dA W5l 2 34L A9
Fol 2 30 £ FE A5 vdh
Adole Ax Fzo WT EM G g
Aolga 7HAE A olFA
AA 8wz AAsta, o159
2974 AANLEE PR, &
F¥= AsE Ve @Yoz B
2 7 8349 4YEE A4T F Ytk o B
A& =agtsto] JehiA Fig. 13 2o

ol¢} 7 AHAZS YaAE f¥AL Az
AR T3, whgo] ohd LR AN )
2 3¢ A AN 5 oloF I maA
B A7dME 8 24 44 33 J2 $9
8)4J o}l NASTRANY} FE-Fatigue® A183H5%
£ CWELD 242 EH3gt

rr

rE_
N

4

R
=2

N

94

wl

ot oy X

e
2
Jo
—a
2
g

oXx

-] REA - ol

2

Table 1 Durability influence index for the LCA

1 3 28

-1.36
-8.62

-3.79
-3.17

-3.98
-4.93

Index 1 (x1072)
Index 2 (%107 %)

Table 2 Change of fatigue life of spot welds

weld| original | remove 1 | remove 3 |remove 28

22 [3.19x10% 13.19x10% |3.19 %107 |3.19 x 10?

23 11.16 x10* {1.16 x10* [1.16 x 10* {1.16 x 10*

5 [2.81x10% |2.29x10°% |2.84 % 10% |2.81 x 10°

9.91 % 107
2.28.x10°

1.30 x 10°
1.72x10"

1.30x10°
2.28 x10°

27 |1.30%x10°
2 16.98x10°
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Table 3 Life change of spot welds according to
removing 5 spot welds using influence
index (1)

weld original changed difference

32275 9.86E+12;  9.42E+12| -4.48E+11
32283 2.25E+05 247E+05|  2.18E+04
32317 2.64E+15 3.91E+15 1.27E+15
32555 2.78E+16| S5.51E+16] 2.73E+16
o : v 32556 3.13E+11 3.71E+11 5.85E+10
Fig. 3 FE model of shock tower 34594 1.15E+19| 3.86E+18} -7.63E+18
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Table 4 Life change of spot welds according to
removing 5 spot welds using influence

index (2)

weld original changed difference

31928 1.28E+16 2.02E+16 7.40E+15
31929 3.21E+13 248E+13| -7.26E+12
31982 |  3.25E+16 5.35E+16 2.10E+16
32038 1.43E+18 8.49E+17| -5.84E+17
32039 1.25E+17 1.12E+17 A -1.29E+16
32090 7.25E+08 9.54E+08 2.29E+08
32117 1.56E+14 2.37E+14 8.15E+13
32274 4.56E+11 3.84E+11f -7.34E+10
32275 9.86E+12 9.42E+12{ -4.48E+11
32283 2.25E+05 2.47E+05 2.18E+04
32317 2.64E+15 3.91E+15 1.27E+15
32563 4.19E+09 1.40E+09f -2.79E+09
32564 8.58E+12 4.59E+12( -3.99E+12
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Fig. 6 Removed weld elements by index (2)
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