The Japan Soci ety of Mechanical Engineers

294

HABRES T CE (A )
71 % 702 5 (2005-2)

1T T oL T — 5 Lo A T 2 &
* BB T 2 ERE

R B M OE L H E O A
Pz I v S VNI N IR I I

A Study on the Compressive Inelastic Deformation Behavior of
Polyphenylen-Ether and Its Numerical Simulation
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Monotonic compressive loading and relaxation tests were conducted under constant and time-
varying strain rate conditions of 1.1X107%-10"° and 10-40°C for polyphenylen-ether (PPE), an
amorphous polymer. The observed stress-strain responses were similar to those of other engineering
plastics showing notable effects of the strain rates and temperature, but the strain-rate change tests
revealed predominant overshoot phenomena in the stress transfer processes. The experimental
results indicated that the concept of time-temperature equivalence is also applicable to PPE and the
comparative investigation on the effect of crystallinity and the material constants which control the
time-temperature scale shift was carried out for five polymeric materials. The viscoplastic con-
stitutive model based on overstress successfully reproduced the observed stress-strain responses
including the overshoot phenomena using a newly proposed additional function which control the
viscosity in the model.
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Fig. 2  Stress-strain curves of compressive

loading tests for PPE
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Fig. 3 Typical experimental results of time-

varying and constant strain rate tests at
25 °C for PPE showing remarkable
overshoot phenomena in case of time-
varying strain rate tests

—109 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

296 RY 7 2 =2V VY —F VO EMEEREEZE & Z OMERT CET 52152

3 - VTARERE

3-1 FEERERE 5 OTRERNCE X
DIRE & OTHHEOHBE AL SR DT A—F
WZOWTHRE LT, X 4() 13X 2 2L, TR
£ =0.11Z2\C, OFHHEE 285 A—F & Li=
IiSto EIRE TOBRERL NS, &bito &%

FGA—F L LUIZE & TOBRTERT LR 4b) 2155,

%0 T AOTHREEDOH I log £ & T
IFHIERHRICH Y, LHbZOME 4 =0.12 1338
FPHHN DD O FMEL TV NT DIFRE LIB335V VT
HL—ETHDZ RGN, MEEREEZZ b
EEDOUTH e A2BWTK 4(b) THIR SN 5 Htk

Strain rates (s';)
I —e—1.1X10°
80 ] ——1.1X107
T | =axao?
2 70— ] ——1.1x107
= SN T
~ 4
° 60 e S
§ \\\\:
@ 50
£l= 10|%
404 20 30 40

Temperature T (°C)

(a) Strain-rate vs. temperature

-1 |
—_ e = 10%
2, P
& YAy AV
2 / /_/
- ; —
- -
g5 A /|Stress (MPa)
) S o ¢ =75
6 A& g =70
0 0 20 |72 g:gg
Temperature T ('C) | x , =55
Linearizatior]

(b) Stress vs. temperature

Fig. 4 Relations at the strain of 0.1 obtained by
plotting, all the data of stress-strain
curves for PPE
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Table 1 The values of parameter A for all the
tested polymeric materials(® - (10)

k Polymeric materials A Structures
PPE* 0.12*
PC 014 Amorphous
PE 0.10 Semi-
UHMW 0.10 crysi;nl;ine
PP 0.12

*This value obtained in this study
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Table 2 Measured percent degree of crystallinity
for semi-crystalline polymers: PE,

UHMW and PP
Tests PE UHMW PP
1st run 65 52 68
2nd yun 64 48 62
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(b) Viscosity control function fvs. strain € as
the relation of overstress X and strain.g

Fig.5 Determination of viscosity function
k[ ple), €] at 25 °C for PPE
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Fig. 6 Numerical and experimental stress
strain curves with constant strain rates
and used g function at 25 °C for PPE
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Table 3 Material functions and constants in
equation (4) used in this study for PPE at

25°C. (Dimension / @;, by, E : MPa, 4, :

s)

Material Function Constants
a, | 9384495E+5
g-function a, -6.653903E+5
a, | 1.802233E+5
glel=a, +a,z+a,8 | a, | 23010402644
++as a, 1.345122E+3
a, | -1.240808E0

 kefunction A, 1824
b, | 1427612E+6
B -function b, | -1076731E+6
‘ b, | 3091654E+5
Blel=b, +b,+b,¢ b, | 4167215E+
++bg b, | 2546800E+3
b, | 4853775E+0
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(b) Stress-strain responses with repeated
relaxation ( hold time : 5000 s )
during const. strain-rate compression

Fig. 7 Typical numerical and experimental stress-
strain curves of time-varying strain rate
tests with correspondent = overshoot
function M and reference experimental
data of const. strain rate tests at 25 °C for
PPE ‘
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Table 4 Material functions which compose the
overshoot function M of Eq. (6) at 25 °C

for PPE ; (Dimension / &1, s+ : MPa,
others : non-dimension )

Functions Const. | Value
. a, 4.7
Range control function:
a, 1.0
Al [Z] = al tan'l (aZ (Z - 33 )) a3 1.8
+a,,
a, 4.3
Convergence control b, 69
function: bl
2 301
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iz b, 734
c, 0.36
Overshoot rate control
function c, 0.9
c 2.2
clz]- (cI tan (¢, (z —¢,))+ c‘) 3
(exp(- cgz) +1) C, 0.5
+ € " Cs .001
C, 3.0
| , & | 013
Shape function
c, 0.3
¢le]=¢ tan (-0 |, L2
+¢,
- 0.17
where
z=1og(¢,/£,),n=1-1/1000"
&£, : before — and — after —strainrates
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