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Abstract : The purpose of this paper is to propose a systematic method on the weld pitch design of a vehicle sub-frame
considering the fatigue life of spot welding points. The input data, which perform the fatigue analysis on the spot
welding nuggets, are obtained by both the dynamic analysis of the multi-body vehicle model passing through the virtual
proving ground of a typical Belgian road and the quasi-static analysis with the finite element model of the vehicle
sub-frame. By utilizing the life cycle data obtained from the fatigue analysis, the welding points to perform the pitch
change are determined. The sensitivity analysis on the fatigue life of the welding points is carried out by using the
three-level orthogonal array design, and through the results of the sensitivity analysis, the best combination on the
welding pitch is determined. This study shows that as compared with the baseline design, the sub-frame redesigned by
the proposed technique improves the fatigue life about 7 percent while reducing the number of welding points about 19
percent.
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Fig. 1 Estimation processfor thefatigue life of spot welds



S AFEA QAT F AL, B e s Rl
Ao e eAE 9oz o U &4 At
E 71E 5 gUek?

22 A wHiGHE 0|88 AlgAHIEY

5430 A2 AL 89 Fohir] A
2 e A7) A 28 AR A o] wol Al
S oL} 227} WhE 4] 370l ook AL,
Qap7} Aol 7] el Al Frnck 2 =
o) FL7F B He Fo| LI} WA Be
wjoll = 3" o] A g o] AFE-H AL 3 A1 o] A L)
A3} e obzlel A @l 35 Fa
ol Uk 42 ek )
L "1(3(3”’71)/2) )

3
A7IA m2 2 o)de] A, 3me ARe] A7),
(3" —1)/22& AumjAxe] o] 55 vehdit. 3-
FEAe] 7P 22 A A e m =291 L,(3")

o™, Table 13} 2ol 44 Htt.
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1 2 3 4
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Table 2 Materid properties of vehicle sub-frame
Y oung's modulus 2.07 x 10° MPa
Poisson ratio 0.29
Density 7.85 x 10° N-s/mm?*

(@) 1% vibration mode (b) 2" vibration mode

Fig. 3 Vibration analysis results of vehicle sub-frame

Table 3 Verification of the natural frequencies on FE model

Model _ Natural frequency (nl;lz)
1% mode 2" mode
Experiment 84.26 123.71
Simulation 82.84 117.68
Percent change -1.5% -4.6%

Transactions of the Korean Society of Automotive Engineers, Vol. 16, No. 4, 2008 181



Sang Beom Lee + Sang Hoon Jeon - Hong Jae Yim

Fig. 29] MBEZ & 2o A B, E F A&
2FA 2} 24 (bushing) &2 AZ2% W, C, D, G, H A
e 1AL =351o] LCA(lower control arm)¥} 14
Aok weld wwozRE QY= FiES
LCA2] & xSl E(ball joint) S 53l C,D, G, H # %]
o2 Haro] Bzl &) ek I 24
ol J&S 54 Hrk

32 HeH =& nfd

Fig. 40l &2 Aol A Fadste= 85 9 =34
IS e AL Qdtk o] Z2Eloll A B upe} o)
AEH g2 S sl kA 2 &l A8
= 87 3(weld force) & AlXFaL7] $1ake] 4 A s
A=, 0 240 v &3 3 LCA £}
*Oﬂ o] &l Wgﬂ T %t Qx}é HHZﬂﬁ}ﬂ

]a HOH Fig. 2¢] A~H A4

ol IN®J 9] & %% 247} x,y, z Wk o & R7lato]
T 2470 9] ste xS Ak
A2E) 2jek o)A
4 ADAMS 2§ HolFa1 9l o, 40Km/he] 5
LR 100m 7] T AR 2 e FHAIY
< &3l 72t st E A OA sekE olH s =
kAT

Fig. 6> A B2 o] A-ol 7}l A= x,y, z B
3ol 5ot o] #& e AL 9L

FE Model Dynamic Model

Inertia Relief Belgian Road
Static Analysis Simulation
Weld Force
Road Time
Weld Stress History
S-N Curve
Spot Weld

Fatigue Analysis

Fig. 4 Fatiguelife calculation process of spot welds

182 sizxISAZats|=2% 16 45, 2008

Fig. 5 Vehicle dynamic model for virtual proving ground
simulation
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Fig. 6 Load time history of the point A on sub-frame
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Fig. 9 Fatigue andysisresult of sub-frame (Modéel 11)

Table 4 Fatigue analysis results of the spot welding points
for the left side member of sub-frame

Damage Lifecycle
L4 1.608E-5 6.220E4
L5 8.337E-6 1.200E5
L16 1.835E-6 5.450E5
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L6 8.789E-7 1.140E6
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Table 5 Minimum fatigue life of the welding point-L4 for
each experimental model

DVl | Dv2 | DV3 | DV4

-1 -1

1

1

Lifecycle
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Fig. 11 Design sensitivity analysis for the fatigue life
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Fig. 12 Spot welding pitch for optimized model(Model 111)

Table 6 Comparison of the fatigue life cycle and the number
of spot welding points for each model

Lifecycle Number of
y welding points
Model | 9.049 x 10°* 52
Model 11 6.220 x 10° 42
Model 111 9.757 x 10° 42
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