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ABSTRACT

In this paper a computer aided analysis method is proposed for durability assessment in the early design

stages using dynamic analysis, stress analysis and fatigue life prediction method. From dynamic analysis of

a vehicle suspension system, dynamic load time histories of a suspension component are calculated. From

the dynamic load time histories and the stress of the suspension component, a dynamic stress time history

at the critical location is produced using the superposition principle, Using linear damage law and cycle

counting method, fatigue life cycle is calculated. The predicted fatigue life cycle is verified by experimental

durability tests.
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Fig. 1 Durability analysis procedure
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Fig. 3 Finite element model of the rear suspension
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Fig. 4 Dynamic load time history of the spindle in
the z-direction
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Fig. 5 Dynamic load time history of the spindle in
the y-direction
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Fig. 6 Stress contour plot of the knuckle due
z-direction load

Fig. 7 Stress contour plot of the knuckle due to
y-direction load
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Table 1 Material and fatigue properties used in
fatigue analysis

Material
SAE1035-169-CON

Yield strength 410 MPa

Ultimate tensile strength 550 MPa
Elastic modulus 2.1E5 MPa
Stress range intercept 2137 MPa
Fatigue transition life 1E6 cycle

First fatigue strength exponent -0.0872

Second fatigue strength exponent -0.0872

R-ratio of test -1

S-N Data Plot
— SE1035_169.CN
SRl 2137 b1 -0.0872 b62: -0.0872 E+ 2.I1ES UTS: 550

AE4

13

Siresz Range (1F3)

\

1D0 IRl 1E2 IRK3? 1€4 IES 166 167 iR 168 1810
Life (Cycles)

Fig. 8 S-N curve for SAE1035-169-CON

& Areldes AARF AT 2PAE Lk
SAE1035-169-CON& AHg-stion], &4A& Table 191
Uehigith, £3 A50] g S-N A=E Fig. 8 qet
i SAck

52 WM B
duizio g xR IZ I A= mIZ4oo] AN

24EY 990) AHCE A7) WEa HEaPEo
2 29-59¥E FE AEST dlom, Adel AFw
gl FEe FA 43 AA SR NFEeE =
FHS HERT Ge B ATIAE of WE o83
o B7bgA vgel dig Mza8e Fason, 1 3
3e o

(2 rlo
R
1 e

[o
judl

ol 2 23t SEole




A FERE

o BESY A5 A% AFE ABHIA ol

& Ay

Ll

i

AN AR SE] 99 el ohd Afel
A 8% Pp i trolzozA vslagel g ¢

2 B3
[o;1() = —[Gﬁ]];iap(t)
EgatFol A&k A 2 (294 BE B
747ke] shpo] gk SHAELS M ZHA L

[0, = 2 [a,)(0

& Aol g F&olgo] AatsH HAZZHA(Ra-
inflow counting)®'& AHEEte 7+ AR g LHE 4o
S BAESY 0,5 2 AdY MY Ape)FE ANE
g QoA 73 FHo|H O 2 HE Minerd 3
7tzke] YoM w2
g5 Adtstd AA &3S Farsh olw £4ge] 1

£

i F71el

SgshA shdel] o2t Rog Hrhu,

53 =54 3

Table 3 Computer simulation results for damage
and fatigue life cycle

Node
number

900 4.406E-6 2.269E5
7734 4.406E-6 2.269E5
895 1.193E-6 5.227E5
7742 1.193E-6 5.227E5
z-direction 894 | 1.231E-6 8.126E5

load 7740 1.231E-6 8.126E5
8951 7.778E-7 1.286E6
864 4.823E-7 2.073E6
1719 4.823E-7 2.073E6
1725 4.823E-7 2.073E6
2004 9.591E-6 1.043E5
9093 9591E-6 1.043E5
1818 7.778E-7 1.286E6
8922 7.778E-7 1.286E6
y—direction | 2104 2.929E-7 3.414E6

Damage Life cycle
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load 9092

2.929E-7

3.414E6

1822

1.007E-7

9.928E6

8947

1.007E-7

9.928E6

1719

3.104E-7

3.222E7

1806
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Table 2 Conditions for the fatigue
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life prediction

analysis
Analysis type S-N
Mean stress effect Goodman
F.E result Stress

Stress/strain combination

Max. principal

Form of data Min/max

Certainty of survival 99%

Material SAE1035-169-CON
No finish

Surface finishing condition

No treatment
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Fig. 9 Dynamic stress time history of node 2004
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Fig. 10 Contour plot of the {fatigue life due
z-direction load
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Fig. 11 Contour plot of the fatigue life due
y-direction load
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Fig. 12 Fatigue failure points
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Table 4 Comparisons of the predicted fatigue life
with experimental fatigue life

Unit : Cycle
Experiment | Prediction Ratio
p {Exp./Pre.)
z-direction 2 976E5 2.969E5 1.003
load
yrdirection | 7915 1.043E5 0.691
load
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