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Abstract: In this study, a procedure for the inverse estimation of the fatigue life parameters of springs which utilize the
field fatigue life test data is proposed to replace real test with the FEA on fatigue life prediction. The Bayesian approach
is employed, in which the posterior distributions of the parameters are determined conditional on the accumulated life
data that are routinely obtained from the regular tests. In order to obtain the accurate samples from the distributions, the
Markov chain Monte Carlo (MCMC) technique is employed. The distributions of the parameters are used in the FEA
for predicting the fatigue life in the form of a predictive interval. The results show that the actual fatigue life data are
found well within the posterior predictive distributions.
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Table 1 Measurement of elastic modulus

Uni Test method Results
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Table 2 Maximum relative error of reaction force
between experiment and FEA in terms of
increased displacement

Spring Compressive | Reaction force(N) | p.. -
displace- ] o
8P | ent(mm) | FEA | Experiment (%)

A 4 .19 668.32 611.09 8.56
B 42.56 670.61 611.10 8.87
C 64.61 1034.93 | 97597 5.70
D 69.40 1104.02 | 1086.39 | 1.60
E 224.34 | 4450.85 | 4447.38 | 2.27
F 22481 | 4449.88 | 4447.31 | 2.25
G 44.59 701.20 645.04 8.01
5000 — Experiment | - - -

4000

3000

2000

Reaction force(N)

1000

displacement(mm)

Fig. 3 Reaction force comparison

compressive displacement under different
values of elastic modulus
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Table 3 Strain comparison according to a compressive
displacement of weak point ﬁ)

Compressive | Maximum shear strain

displacement Error(%)
(mm) FEA Experiment
2443 0.0079828 | 0.0077742 2.61
234.8 0.0074493 | 0.0069887 6.18
227.5 0.0076916 | 0.0067816 11.83
233.1 0.0073606 | 0.0069272 5.89
234.7 0.0070588 | 0.0063769 9.66
238.7 0.0074759 | 0.0070193 6.11
239.1 0.0078202 | 0.0071102 9.08

Table 4 Strain comparison according to a compressive
displacement of weak point é

Compressive | Maximum shear strain

displacement Error(%)
(mm) FEA Experiment
1344 0.0045743 | 0.0047500 3.84
234.8 0.0065049 | 0.0060144 7.54
227.5 0.0065909 | 0.0056643 14.06
233.1 0.0061482 | 0.0054558 11.26
234.7 0.0057015 | 0.0050355 11.68
238.7 0.0063321 | 0.0060702 4.14
239.1 0.0068991 | 0.0061037 11.53
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2.Fori=0toN-1

— Sample u ~ U,
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(1) _ o
else
(1) _ ()
o714 0= FHsnA s BaAMse] %
gk N e BHANSE AEY & A U s
5 3 (uniform distribution), ( )T‘} MZE sl

2} &= PDF(target PDF), q(s* | s? )E— defe] At

k4= (proposal PDF)°|t}. o9} 22 MCMC A&
O] > ARSI} Qlojo] Ao R FHAEA
U AR FHEA XE Agol= A& 7t
satthe Aol Ak olE F3 Fojx mehw|
Hel BE tolHE o] &ad vE FHE S5
¥z 78 & 9}1 ol RAE Bl iz BIO 4 7}

¢

mlo

5. oz g maioleel o Fd

5.1 EIE |34 oo &
uﬂ .4—11}11]15};_. = %2401'7] ‘CH

3l /\E‘;q 3 01]}\1 3y I3 2 41 AF golg
& olgsslrh. @4 vz Al HelE= w9l
AF AW S ol gste] BREAEE e vE F
g odSel &t AHeE ¢ A, FF '
& HelHt dojdas AHd w2 v2 1
dZo] 7hestth & ATNME T T EF AZ
F= R S, AgY FEe 2o
e adA S Atk Table 5ol A1Y =4,
5 GEEs 21 3 fFasdy 2
ased wisHs FEgn. dAe] v=
T dolH = AFgAe] Bebd Az Agedl
Au7E TAE & g7 dele] AR ol

Aatst Wgkate] YEUSITE Type A F-H F 74 6
Z79 HolEE Case 1, 7HAQ Type G HOE] =
F7138k & 9 7] Hl°o]EHE Case 2 22 st S
o]-&gt A¥E Hluls] H Utk



398 &z - Tk - s - HFS
Table 5 Fatigue life test data Table 6 Posterior distribution values of fatigue life
Measured parameters
Spring Cpmp ressive fatigue Mean | Alt. Parameters |Ca 5% |Mean | 95% |Confidence
Type displacement life Stress | Stress eters ¢ | value |value |value | interval
(mm) (MPa) |(MPa)
(cycles) a 1 |2.839 [3.009 |3.276 0.436
A | 1.006%£1.015 | 0.700 [1005.5 | 271.1 (log scale) | 2 | 2.854 12930 |3.011 | 0.157
B 1.008 +1.020 1.153 1049.0 | 279.8 b 1 1-0.099 |-0.086 |-0.067 0.032
C 1.016 £1.040 0.855 1025.8 | 285.9 2 1-0.099 |-0.090 -0.078 0.021
D 1.015+1.038 0.820 |1048.7 | 276.8 S, 1 13.239 [3.894 |5.126 1.887
E | 0992£0980 | 1.020 10704 |265.4 (logscale) | 2 |3.650 4.255 |4.828 | 1.178
F 0.9641£0.910 0.849 1116.5 | 242.0 1 10.179 [0.331 |0.510 0.361
o
1.279 2 0.172 [0.276 [0.406 0.234
G 0.999+0.997 1.153 1150.7 | 259.7
1.172
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Table 7 Calculation of the B1 life and B10 life

Actual |BI life(cycles) | B10 life(cycles)
T life
ype e Case 1 |[Case2 | Case 1 | Case 2
(cycles)
A 0.700 |0.0966 |0.1323 | 0.3405 | 0.3608
B 1.153 |0.0611 |0.0938 | 0.1977 | 0.2476
C 0.855 0.0443 |0.0751 | 0.1654 | 0.1952
D 0.820 |0.0784 |0.1166 | 0.2277 | 0.2760
E 1.020 [0.1007 [0.1708 | 0.3324 | 0.4130
F 0.849 |1.1969 |0.5035 | 0.7286 | 1.1677
1.279
G 1.153 0.1957 0.4910
1.172
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