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ABSTRACT

The durability test, along with the crashworthiness test, requires the most time and expense in the vehicle
development process. The durability design using CAE tools reduces the time required for both the durability test
and actual vehicle production. Existing dynamic stress analyses designed for the analysis of vehicle fatigue
mainly calculate the dynamic stress history and fatigue after performing dynamic analysis and stress analysis
with relevant software applications and then superpositioning the dynamic load history and stress influence
coefficient at each joint. This approach is a complex process, taking into account the flexibility of the parts. It is,
however, incapable of giving accurate consideration to the contacts between components, the non-linearity of
materials, and tire-road surface interactions. This approach also requires that the analysts have an expertise in
software applications of various kinds or an expert in each area must perform the analysis. This requires as a
great deal of manpower and time. In order to complement the existing approaches for dynamic stress analysis,
this study aims at the following: (1) to suggest the simple and accurate analysis technique which is capable of
producing all the possible necessary results; (2) to reduce dramatically the time and manpower needed to
construct a model designed to analyze dynamics, quasi-static stress, and fatigue; and (3) to enable an accurate
analysis of fatigue by improving the accuracy of dynamic stress. we verify the presented analysis method
through durability evaluation of the knuckle of passenger car.

F27]440] : Durability(W]74), Vehicle development process(x} %712 7}7), Vehicle fatigue(3}=F3]
), Analysis technique(3]417]<), Non-linearity(H] 4 & 43)
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Fig. 1 The relative merits of the VPG approach to

computation in fatigue prediction
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Fig. 3 Finite element model of the knuckle

170 B2XSABote =27



Suspension System?] 7+l 3) 4

U2 YR LT Fig 69 eI $8 291, o5 AR A Y Fedolhe =
AFo] HAste AA= ABHA U AF S 7to] o] £3H9 =1 Fig. 7ol 5.9 A} 7+
S E3A Axel A3t ch(Fig 69 a, b, ) o] 288 I & = HEF EY, Fo]H =7
=, 9% 2E¢0 2 yebhigrt ol 9 2ol 44F
P HUYY REY SHRES A
Zol ek 7@ Q1 Boheh 2ol oke
PREEHA 2 S AT
600
H
é 400
§ 200 i 1
(a) Pothole track ”\/W\ ,/J w/\j{v /Vw M m J/\)
LAY 0.6 Y 12
Time
(a) Pothole track
200
§ 150 J f
! ﬁ I ! va I
| LPLARFRIN
& s0
||U N W U'
(b) Pave road © 04 os o8 1 12 14
Time
(b) Pave road
250
. 200
oL
g 150 ] A ﬂ
‘% 100 ﬂ n A
AT
ML R
0 04 06 0.8
Time
(c) Ripple road (c) Ripple road
Fig. 7 Dynamic stress history for the VPG analysis,

Fig. 6 Mises stress distribution of the knuckle

passing the durability roads at 40Km/h

H10H HM5&, 2002 171



RE] - 3B - el

Ray

off

3. 278 Md+9 A Table 1 Fatigue analysis result

AR EANA HEAES 2E =X Road No. of Damage Repeats
(notch)$} 28 S 7 F 29 o A] 24 v #9 case reversals /Repeat
YA 2w I Fho] AAFS 7o) o)BE T Pothole 44 3.241e-5 30858

o Pave 120 8.252e-8 12118480
QAdgR e . 7284 A2749 4 Rippl 54 5.002¢-8 19992802
€ R -
A58 E o &8 HlE load-life A, stress-life PP
7, strain-lifed A 5L o] 838 F 9o}, B
5 O =2 e} = =]
A ol A= A 5 9 strain-life ¥ Al(low cycle fati- & BAste 97 AR 7HA s 84
gue data) 2 AL45te] =9 &Aabo] W25 o) d ojate] ol Yo m g dub Q) apake] &
n = o e-e Hrlsketh 18 5, B e 5 BE 1IN FES JEAEE FILJdS
2o W= FFTzEY Wewd Yyoege = T AT AL HAo|ng HF e A2EY
A7) 95le] Eodbo)ge S48 AR Fol FAHE F& UF AL FAE ¢ F
Lol o]¥oZ uE WAyt Y=y HAZ2 o ot 53] Fo]lBe 2| &2 GEZ v BE
(rainflow) 0] 913 Abo|F 7}2 S (eycle coun.  Toversal FE R AT R0l e AEg
ting)& ATk ASNTANA BFSHo| w  FA AN I T Sl AL wlE A
25 nXE g 24 ot nok A8 4T AN, FEEZY] H o T EAE
3 A4S st A (1) 2L Smith-Wason- & A+ reversalo] hRE o) £4& Foh A
Ny o} 2= )
= T Mgiq

Toppere] 4] & Apg-3te] ma st gieh”
Omax€cE=(0 D*2N)**+ o EQN)**° 0 4 2=

ATV NN o= AU EH, e, = HPEN Z .
E= g4 4, o —‘:.4§71-E7;“£|:,2N31_:_ RN 2]
A(FY), b AZFEAF, ¢ = H293 €l o)

A, c= 929 s}A 4ok Al ]3&%} on;}

¥ = B AR E = -HReHAe A85E AZHEEH, A
s2gdo] 7hg AA AT Ao R o FFH 5, dlo)e] intertace), ]B(S14, T E 9o}

¢

2y ALe s Azt vl&o] 4
89 CAE si4rleS AH2d4d A=

o

= 299 g3t 3 £ gk (cumulative damage i}
9l EH' ,T4 & oy 16) ge) =9 o] 5 2] CAE too)L 40%AH = AT F
& 4] (2)2] Miner'’s rule = A4k 715 81k . 17)
= P4 H CAE 71&2 AAREE" B o}y
nD—2% . @ B AR Az r Hgo] MedE g F
AN
A7 A ne HESF, DE AZELE, N -xmo] HA) elolo] 9l (W HE, A7
S AR A2t MR A, FEDR BE 53 2o] 7129 H4
Table 12 Fol3 =9-g 242} 13] B39 wyoz: Brsdd A5 viad 44 »
g

el gt e A% A2 el pa 4 gonz faARY AHYL BY &
BEE, Jo|B, gF F 37 =dF oA 7} 91},
A2 NREdPge FE AL FEFAD LS _aAagelt AF ALANA Nz
3“‘1 308583 Bt A=F ol AL AL gooxe HA MRS AP S AT B8
AFHAT oA 12 1514 40kphZ HE  gopd A Yol FRY AH B B4

172 I=ASxS=28



Suspension System®] 7} ata]4]

Z ¢ ok Bk olU g Al PR E Y 5 Q)
v #H A std Z2E EFY(prototype) S A ZHE 4
oz gz MAr|e GEA A 5 9tk

ARA ANEe et

& AARFE ZdgY st
RE GTAERIES RAL 5 U A
< 7at st gk

1) ADAMS/Flex Documentation kit, Version
11.0, Mechanical Dynamics ADAMS.

2) DADS Flex Manual, CADSI, P. O. Box 203,
Oakdale, Towa 52319.

3) K. Blakely, MSC/NASTRAN Basic Dynamic
Analysis Users Guide, Version 68, The
MacNeal-Schwendler Corporation, 1993.

4) J. H. Ryu, H.-S. Kim, S. M. Wang, “A Me-
thod of Improving Dynamic Stress Compu-
tation for Fatigue Life Prediction of Vehicle
Structure,” SAE 971534, 1997.

5) LS-DYNA3D User's Manual, LSTC.

6) M. Papadrakakis, “A Method for the Auto-
mated Evaluation of the Dynamic Relaxation
Parameter,” Comp. Meth. Appl. Mech. Eng. 25,
pp-35-48 , 1981.

7) Z. H. Zhong, “Finite Element Procedures for
Contact-Impact Problems,” Division of Solid
Mechanics, Department of Mechanical Engi-
neering, Linkoping University, Sweden, 1993.

8) A. Kamoulakos, B. G. Kao, “Transient Res-
ponse of a Rotating Tire Under Multiple Impacts

with a Road Bump using PAM-SHOCK,” 1999.

9) A. M. Burke, O. A. Olatunbosun, “Contact
Modelling of the Tyre/Road Interaction,” Int. J.
of Vehicle Design, Vol.18, No.2, 1997.

10) A. Tang, A. Farahani, T. Palmer, “Kinematic
and Dynamic Nonlinear Finite Element Analysis
of a Multibody Linkage System using LS-
DYNA3D,” 3rd International LS-DYNA3D Con-
ference, Engineering Technology Associates,
1998.

11) J. S. Majcher, R. D. Michaleson, A. R. Solo
-mon, “Analysis of Vehicle Suspensions with
Static and Dynamic Computer Simulations,”
SAE 76183, 1976.

12) A. Matzenmiller, K. Schweizerhof, W. Rust,
“Joint Failure Modeling in Crashworthiness
Analysis,” 2nd International LS-DYNA3D
Conference, 1997.

13) eta/VPG Applications Manual, eta.

14) 1. B. Chyun, “A CAE Network to Fatigue Life
Prediction for a Vehicle Frame on the Basis of
Computational Methodology,” Ph.D. Thesis,
Chonnam National University, Korea, 1998.

15) K. N. Smith, P. Watson, T. H. Topper, A
Stress-Strain Function for the Fatigue of Me-
tals, J.Mater., Vol.5, No.4, pp.767-778, 1970.

16) M. A. Miner, Cumulative Damage in Fatigue,
Journal of Applied Mechanics, Trans, ASME, E,
Vol.12, pp.A159-164, 1945,

17) G. S. Choei, H. K. Min, S. H. Paik, “Dynamic
Stress Analysis of Vehicle Using Virtual Pro
-ving Ground Approach,” SAE 2000-01-0121,
2000.

H10H H5%, 2002 173



