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The Estimation of Fatigue Strength of Structure with Practical Dynamic Force
by Inverse Problem and Lethargy Coefficient
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Abstract : Most of mechanical structures are composed of many substructures connected to one another by various
types of mechanical joints. In automotive engineering, it is important to study these connected structures under various
dynamic forces for the evaluations of fatigue life and stress concentration exactly. In this study, the dynamic response of
vehicle structure to external forces is classified an inverse problem involving strains from the experiment and the
analysis. The practical dynamic forces are determined by the combination of the analytical and experimental method
with analyzed strain by quasi-static finite element analysis under unit force and with measured strain by a strain gage
under driving load, respectively. In a stressed body, inter-molecular chemical bonds are failed beyond the certain
magnitude. The failure of molecular structure in material is considered as a time process of which rate is determined by
mechanical stress. That is, the failure of inter-molecular chemical bonds is the fatigue life of material. This kinetic
concept is expressed as lethargy coefficient. And S-N curve is obtained with the lethargy coefficient from quasi-static
tensile test. Equivalent practical dynamic force is obtained from the identification of practical dynamic force for one
loading point. Using the practical dynamic force and S-N curve, fatigue life of a window pillar is analyzed with FEM
under the identified force by the procedure of above mentioned.

Key words : Practical dynamic force(d 5-5}%), Inverse problem( &} 5-A))), Lethargy coefficient(F-7] = Al <57), Quasi
static tensile test(5=7 %] 917-A] &), Fatigue life(3] 24-9)
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Fig. 2 Conﬁguranons of T-shape structure and strain gage
installation

Table 1 Material properties of SPCC(KS D 3512)

A48 ALEE93, MSCPATRANSDVe] MPC
(Multi Point Constraint) 2 &5 AR-&-3te] R4 A
@ 7t nEr 5L AFS FEE NG F
F Al(side member) 2-9-Y 2 6A-F 2 E BT 317G
AT
34 AR} IBM R/S 60002 AHE8F3 T 3ia 2
MSC.PATRANSO/NASTRAN70.5'Y= o] &3t}
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Fig. 3 Finite element model of T-shape structure

Table 3 Finite element model of T-shape structure

MPCj

4760 eaq. 18 ea.

Node 4-node shell element

4698 eq, 1

- . - —
tleldh "lt“;msﬂ:1 Yz;mig s Poisson Density
S(EP%:) Sa\zr;)gat) nzGIl’la;ls ratio ( kel m*) Table 4 Comparison of identified force with inverse problem
for T-shape structure (unit; N')
2215 3312 206.87 0.29 7860
f J j \ nput force Inverse problem
X 0 -24.9
Table 2 Chemical compositions of SPCC 0 13
] Composition(% less than) ’ :
Mn P S z 200 209.3 J
0.025 0.14 0.012 0.011 Error(%) 4.7 }

Transactions of the Korean Society of Automotive Engineers, Vol. 12, No. 1, 2004 109



3. SolA5o ot HEsY
3.1 g 24H

2
i
1o
e
Z
Sk
2,
o (‘UIO
-
et
»
¥°
i

A, Az Ak S
o2 nejste] ARe) +7S e ol & 4 3
E]_lﬁ)

AIZE dtE el AZFel A & el EA7L
Al A2 RE AARE GTEE Bg A5 2
o,

Uu—F

exp (=5 )f—ot (6)

ko BRI
T :Agex
oo TESFEAS

g9 o] 1Y o, ¥A7F Az g3 9
AZ25E s AARE ovdt). BAZE A
o] diehe]| ojste] A3t Tt dojUE® &
aHE W= AR GRS AIZE ¢ 0] BEE T

nAje] $igo] Hr, TS A & okt Ak

)

f dt
U,— F(1)

kET(H

)

fy exp (

@ eip(—b’dm) — )
2N/ w) fo exp (Bo,cosx) dx

9} o] A7kl 3k i dlE2 o7 AFE).
A7V M, a= tyexp (Uy/ kT), B=7/ kT,

rE

O,

E

oo of
o

=
(<]
i

o

Om

110 s=xSASstsl=2 H12H A5, 2004

AiFuldgpel [ 22 Alole] A4
oS3} o] thA] & 5= gl
fonexp (Bo,cosx) dx = nI(Bo,) )
a exp(— B0y,
@Nn/ ) [, (Bo) ) (19)

Azl g 54 (10)0A 0,9 6,0 7HIF
sk foll ofste] Amol A& ), el o
85 Ne e 2k

_ aexp(—Boy,) f

(B0 (cycle) (11)

_ aexp(=Bo) f
N=1Z eXIO(,Baa)G (cycle) (12)

A7NH, 5 = g, 220 ofr}

AHozRE, 234 QAR o3 FekA
o FRE s FeATke) TR 5L 0§t
o] Z4zte] WE 2 27285

o
©
ofstol SNFHS

Fig. 4 Tensile test specimen performed at the room tem-
perature



FEEC| DEUCHIIE gt

180,

170)

160

150]

140,

Stress, MPa

130
\

120)

110

100

90
10* 10° 10 10’ 10

Number of cycles to failure
Fig. 5 S-N curve of SPCC with the lethargy coefficient from
the quasi-static tensile test
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Fig. 6 Finite element model of a window pillar

Fig. 7 Strain gage installation on the window pillar for
practical force identification
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Fig. 8 Practical dynamic force history of the window pillar
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Table 6 Simulation condition of fatigue analysis

Hardware IBM R/S 6000
Software MSC.FATIGUES.0
Method S-N analysis

S-N curve Lethargy coefficient
Loa('il.ng Practical dynamic force in Fig. 8

condition

Sampling 60

rate(sec)

Fig. 9 Damage contour of window pillar
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