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An Evaluation of Probabilistic Strain-Life Curve in Polyacetal
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Abstract

In order to evaluate variation of fatigue life of mechanical components including engineering plastics,
it is important to estimate probabilistic strain-life curves to accurately define the variation of fatigue
characteristics. This paper intends to provide new assessment of P-—&~N (probabilistic strain-life
curves) for considering the variation of fatigue characteristics in polyacetal. The fatigue strain
controlled tests were conducted under constant 50% humidity and room temperature condition by a
universal testing machine at strain ratio, B= 0. A practical procedure is introduced to evaluate
probabilistic strain-life curves. Three probabilistic distributions were used for generating P-&-N
curves such as normal, 2-parameter and 3-parameter Weibull. In this study, 3-parameter Weibull
distribution was found to be most appropriate among assumed distributions when the probability
distributions of the fatigue characteristic were examined using chi-square and Kolmogorov-Smirnov test.
The more appropriate P-&-N curves for these materials are generated by the proposed method
considering 3-parameter Weibull distribution.
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Fig. 1 Configuration of fatigue test specimen
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Fig. 2 Stress - strain curve of F1533
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Table 1 Mechanical properties
Ultimate tensile .
Elongation (%)
strength (MPa)
Materials
Mean S@da}rd Mean Star'xd;.;rd
deviation deviation

F2003 51.2 9.8 59.0 12.0

TX11H | 554 6.6 54.0 83
F1003H | 62.0 1.9 78.1 113
F2503H | 46.0 49 52.2 112
F1533 52.2 8.1 67.7 5.5

Strain amplitude, £, (mm/mm)

Strain amplitude, £ (mm/mm)

1E3} N
—— total strain-life o oo.
=== elastic strain-life e
-~ - - plastic strain-life
1E-4 2 . 3 . 4 v 5 . 6 6
10 10 10 10 10" 3x10

Cycles to failure, Nj

(a) F1533

02

F1003H

183 e
— toml smain-life -
----- clastic strain-life 0o o
~~~~~ plastic strain-life [}
B4 " " " "
10 10’ 10* 10° 10° 107

Cycles 1o failure, N/

(b) F1003H

Fig. 3 Strain - life curve
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Table 2 Fatigue transition point of polyacetals

Materials F2003 | TX11H | F1003H |F2503H | F1533

Number of
1089 | 11343 1 2591 5166 | 4676
cycles

Strain
amplitude(%) 0.0141 1 0.0164 | 0.0144 | 0.0127 | 0.0149

Table 3 Strain - life curve of polyacetals

Materials &£—N curve at P;=50%

F2003 | €5 = 0.039 (NV;)~*1440.347 (V)46

TX11H | €, =0.076 (J\/})’O‘164+0.549( ) 0.376
F1003H | €, = 0.042 (V)™ + 1.005 (V)%
F2503H | €, = 0.060 (Nf)—0-182+ 3.474( ) 0.656

FI533 | €, =0.052(V;)~%18 + 2.588 (V)%
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d A d
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i
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y
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H = ? (Varighility with ¢ probabilistic distribution)
normal distribution : D(X,) S,(X;) .
m(t-F,
! R ,(8 ’))]Hogs,]
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Fig. 4 The flowchart of the new procedure for
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polyacetals
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log(e,) = log{ A(WV,)* + C(~)*}
t P(X;)5(X) (©)

®=3 X7t 2225 9o]EBE X(2-parameter
Weibull distribution)??E m&tin 7} sd o]9

FAE e FHEIXES(cumulative  distribution
function)= 2} (7)T} 2t
X;\?
F,(X;) = l—exp(— 7) @)

A7A g% nE A7 2-EF Sfo|EEXe Y
A5 4*(shape parameter)$} =17)5.9(scale parameter)
ojltt. 2gja 4 (7)o YWl 2aF F A FHs}
i, Fig. 49 Ao whek A2jslH, 2.24 dolE
BEE P—e— N AEE 2 8)3 3t

log(e,)——— 1og{ A(Nf)b + C(Nf)d} +loge,

In{- lnuﬂ— F(X)} ” ®

+ [7) X exp(

aga x7b 3-Eg 9ol B ¥ (3-parameter
Weibull distribution)*”& w&tiz 71438 o] 9

FAE e  FHEETT(cumulative  distribution
function)= 2} (9)%} Zt}.
(X,- - 0‘) ?
F(X)=1 —exp{—- Y 9)

Aq71M e 3-BEF golBRE YARSF
(location parameter)®]t}. ©]|ZEE 2.2F golE
XY P-e— N A= Y )% 54T #H
22 FE3t9, 3-24 Jo]ERE P-e— N A
= Ae 4 o o

log(e, )= log{ A(N;)* + C(~V;)} +loge, +

N [n o exp( In{— ln(lﬁ- F (X))} )] (10)

Table 4 Mean and standard deviation of X;

Materials [ F2003 |[TX11H{F1003H|F2503H| F1533

Mean | 0.002 | 0.002 { 0.003 | 0.001 | 0.001

Standard
deviation

0.061 | 0.052 { 0.108 | 0.039 | 0.071

Table 5 Results of K-S and x®test for polyacetals

F2003 { TX11H|F1003HF2503H;F1533

Normal 0.122{ 0.142 | 0.201 | 0.100 | 0.142

2-parameter
K-S Weibull 0.112 0.189 | 0.246 | 0.147 :0.192

test | 3-parameter
Weibull | 0:088 1 0.120 1 0.193 | 0.065 | 0.112

limit 0.294 | 0.294 | 0.294 | 0.294 1 0.294

Normal 3.703 | 1.392 | 0.769 | 2.711 |5.102

2-Parameter
X2 Weibull 3713 3.156 | 3.558 110.380*19.778*

test | 3-parameter
Weibull | 37111 1.312/1 0.522 1.538 | 4.084

limit 5921 5921 | 5.921 ; 5.921 15.921

33 E2|olME FX|9 P— ¢— NME

Table 4% 559 Zejopdgd uldr GEAF
X9 B 2 EFEHAE FIF Aol X, 9
EEde YE2EHY M54 S grsiaz v
2EHo WEAo] /1A 2 FHE L F1oo3Ho)th
i, Zelotde FANEY IHZEA dF
AL ldez Hrshy] dEAME 43R
E8x LA g AFol "asi o
A%Z& K-S ZA(Kolmogorov-Smimov test)®”
x® A3 (Chi-square test)™®& o] &3] P73
k. Table 5% 124 F(significance level)
s%ol A K-S 2A 2 K EHEAL Ang Hyd
Rolt} Table 5914 * & K-S 2 x* ZAA
A gt X (limit value)E Z I3 Fholth. Table SofjA]
HiE npel Zo] 55 ZotAge uigd zhzhe
ARAGE T 355-dol8 BRI Y Fong
X5 3EF-golE BEJ A Aggs ¢ F

. el Fig. 55 F15334] 2 F1003HA 9]

r ye o &
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& A7 ZYe Aotk dHRA, Fig. 62 F1533
A 2 F1003HA 9 P—e— NHEE YEd A
olth, agollA AHe B dTdA A WYY
HrlAzol 1, dFANL  Williams Y099 H7}
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Table 6 material constants of P— € — N curve at
Pj =1 and 99%
Failur
Material| oo | 4 | b | B | 4 | H
probability
2003 Pf=1% 0.039 {-0.143 | 0.347 : -0.460 {-0.133
F.
P/=99% 0.039 :-0.143 | 0.347 | -0.460 | 0.168
P/=1% 0.076 i -0.164 | 0.549 | -0.376 :-0.103
TX11H
Pf=99% 0.076 : -0.164 | 0.549 | -0.376 | 0.137
0 P/=l% 0.042 1 -0.151 | 1.005 | -0.526 :-0.227
F1003H
Pf=99% 0.042 1 -0.151 | 1.005 | -0.526 1 0.257
0 P/=1% 0.060 | -0.182{ 3.474 | -0.656 {-0.073
F2503H
Pf=99% 0.060 : -0.182 | 3.474 | -0.656 { 0.111
, Pf=1% 0.052 ;-0.148 | 2.558 ' -0.609 i-0.124
F153
Pf=99% 0.052 ,-0.148 ; 2.558 | -0.609 | 0.210
0.2
’é‘ N --= £,-Nauvcof FIS33a P =50%
£ =+=+ Williams method"®
T MR —— equation (10)
£
e
o
<
2
a
£
[
(=]
‘" 001
5
w
0.005 b ) =
10 10 10 10 10°2x10
Cycles to failure, Nf
(a) F1533
o - -~ ¢ Neune o FIO0Ha P,=50% |
£ =-=+ Williarrs method *®
% { —— equation (10)
:s
g
2
.Té
o
£ oo
&
0.005
10° 10’ 10* 10° 10° 10’

Cycles to failure, N,

(b) F1003H

Fig. 6 P— e¢— N curves of F1533 and F1003H
obtained by two methods and test results
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