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Numerical Analysis of Cyclic Deformation of Polymer Foam Film Using Stretched
Truncated Octahedron Model
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Cyclic deformations of polymer foam film are simulated using the finite element method. Material
of polymer foam film is polypropylene (PP). The calculated polymer foam film is micro-scale thin
film has cellular structure. The polymer foam film is used in ferro-electret applications. The
polymer foam film is idealized to one cell structure as lens shaped stretched fruncated
octahedron model. Cyclic deformation is performed by uniaxial stretching. Stretching direction is
perpendicular to plane of cellular film. Various cyclic strain amplitudes, pore wall thicknesses,
pore shape are investigated to find deformation tendency of cellular structure. Conseguently,
cellular structure has various macroscopic siresses on cyclic deformation with various pore
thickness and pore shape.
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7|Z49Y o (&) = Engineering stress at €
¢ = Engineering strain

T = Thickness of the polymer foam film E (2¢) = Young’s modulus at 2t
h = height of the pore E, = Relative young’s modulus
w = width of the pore E. = Young’s modulus of solid
t = wall thickness of the pore D, = Relative density

M, = initial shear modulus P, = Shape parameter

A”* = limiting chain stretch R, = Height-width ratio

x = bulk modulus

S = Stress scaling factor 1. B

A = creep parameter

m = effective stress exponent th3A Zglv 2elPolymer foam film)S A 7i-

C = creep strain exponent 7} Al A (Electro-mechanica) A 5 & Hol: o34 A
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Fig. 1 Cross section of polymer(PP, Polypropyfene)
electrets, SEM'?

Electrode(aluminum) (T : Thickness of the film)

Structure(polypropylene) Void
(a)

Structure(polypropylene)
)

Fig. 2 (a) 2-dimensional schematic of polymer foam film

(b) Pore in the polymer foam film
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Table 1 Shape parameter of cellular polymer film and
pore in cellular polymer film

Polymer foam film

T(pm)
100~110

The pore in polymer foam film

w(pm) h(pm) | 2¢(um)
10~60 3~30 0.1~5

(b)
Fig. /3 Stretched truncated octahedron model (a) One pore
model (b) Half pore model
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Fig. 4 Schematic diagram of Bergstrom-Boyce model'*"
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Table 2 Material constants of 8 chain model of
polypropylene on BB- model from
experimental test data'® for a polypropylene

cyclic uniaxial deformation

#,{ /?’lock l K ‘ g
14 18 | o0oo2s | 35
Table 3 Material constants of plastic flow of

polypropylene on BB- model from
experimental test data'® for a polypropylene
cyclic uniaxial deformation

A m
le-6 2 0
50
Predicted by Bergstrom-Boyce model
————— Experiment data from takashi,1993'
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Fig. 5 Comparison between prediction of Bergstrom-
boyce model and
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Fig. 6 Amplitude of y-direction strain of polymer foam
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Fig. 8 Cyclic stress-strain curve of polypropylene foam
film at maximum amplitude of cyclic strain (a) 0.1
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Fig. 9 Relative young’s modulus against thickness of pore
wall, pore shape and relative density

0.4

[m} hd4-wi0
i a hd-w20 =}
h4-w30
~ o3k ¥ N
A 4 hd-wdo
8 3 < h8-w40
£ O hi2-wdo
g 0.2}
&,
O
=
©v2 01l 8
q v
0 s 1 : | L | ! k] 1
0 0.1 0.2 0.3 0.4 0.5
height-width ratio(R,,,, h/w)
Fig. 10 Shape parameter against pore shape (height-width

ratio)

Fig 9 & tdg 7133
oA E2o el %
F AT kel 53 7]

0E oe4d A89 ¥MeyE VT

YEg 7Fo] Oia W oAed HxE U 4ol
‘4 fEEe] 34 A dig & AFelA
= BAATE Aosr] dHA JIFEES ¥y
Zol AM&3ta gt

Fig. 9 & B Y& 7139 ), Fr o
A, g A5}

HUFI

R

= <O
= =
A Y2 Udebd + gt 2% ¢ 5 Aok

£ 7139 Wuld wE Fo] Wyt E4EF U
e v A2y V)FEEY ) gE A
24 Are 7 2 A& & 5 A

7NZEEY AFLE olFofz 59 AFE
o4 g 9y AR 7)1F9 Fol, vl ¥
Ryw)ol W& 8AH9=(Shape parameter, P)E 7134
a9 Al A AL A3)H 2ok

2 o

ER(RHW D)= PS(RHW)DR2 ©)

U

= HRuw)E 7139 EoIE

12 v #ez 7bgstd, g4¥4$E Fig 10,
I 7L BAE JFAT Fig 108 BE 729 &
o], Yujg} Hlo] wWE FAHsE AP HAA .
wetd 71g9 Fol, Yy H|9} J]FESY wE
2e (9 2

E,(R,,, D,)=(1.077R,, —0.0945)D. (4)

=2
m
i

ToA &4 A £
o8 71E% J’J’l} FAE MAe
dhulo] whE

s
Wl e
oy
fu

o % g

o?::.&

B

off o off ox
).,AF-?‘."O?L:
= o
Qi{ﬂ_\l[?
Y
o
L
fual
ox
LI
I
2,
o
B
2
T

tat Azmel dAsE Y

4
S’

24 of

=

ol
4T —

o}

o pf ox
2.
I

Zow 29 Yo dYASFE
of EiME AEE A
&9 AFY Foz B

—_ F
ox T
gl g

o o
S
0.
£
T
T

_,...
e}
ot
05
rE
i
£
N
OL‘J

ol mi ofd

"™
[

\ L
il

o

g

ek

=

g} A
2006-000-10358-0(2009) A ¢ 2.

EA 7] 24 FRO1-
THEAE.
oz

1. Sessler, G. M., “Electrets,” Springer-Verlag, 1980.
2. Gerhard-Multhaupt, R., “Less can be More Holes in
Polymers lead to a New Paradigm of Piezoelectric



#amyze

J
tor

|X| ® 27 & 3% pp. 104-110

March 2010 / 110

10.

11.

12.

13.

Materials for Electret Transducers,” 1EEE Trans. on

Dielectrics and Electrical Insulation, Vol. 9, No. S, pp.

850-859, 2002.

. Bauer, S., Gerhard-Multhaupt, R. and Sessler, G M.,

“Ferroelectrets: Soft electroactive foams for transducers,”
Physics Today, Vol. 57, No. 2, pp. 37-43, 2004.
Sessler, G. M. and Hillenbrand, 1., “Electromechanical
response of cellular electret films,” Applied Physics
Letters, Vol. 75, No. 21, pp. 3406-3407, 1999.
Mellinger, A., “Dielectric Resonance Spectroscopy: a
Versatile Tool in the Quest for Better Piezoelectric
Polymers,” IEEE Trans. on Dielectrics and Electrical
Insulation, Vol. 10, No. 5, pp. 842-861, 2003.
Paajanen, M., Vilimaki, H. and Lekkala, J,
“Modelling the electromechanical film (EMFi),”
Journal of Electrostatics, Vol. 48, No. 3-4, pp. 193-
204, 2000.

Hillenbrand, J., Sessler, G. M. and Zhang, X,
“Verification of a model for the piezoelectric di;
coefficient of cellular electrets films,” Journal of
Applied Physics, Vol. 98, No. 6, Paper No. 064105,
2005.

Tuncer, E., “Numerical calculation of effective elastic
properties of two cellular structures,” Journal of
Physics D: Applied Physics, Vol. 38, No. 3, pp. 497-
503, 2005,

Ehlers, W. and Markert, B., “A macroscopic finite
strain model for cellular polymers,” International
Journal of Plasticity, Vol. 19, No. 7, pp. 961-976,
2003.

Bergstrom, J. §. and Boyce, M. C., “Constitutive
modeling of the large strain time-dependent behavior
of elastomers,” Journal of the Mechanics and Physics
of Solids, Vol. 46, No. 5, pp. 931-954, 1998.
Bergstrdm, J. S. and Boyce, M. C., “Constitutive
modeling of the tim-dependént and cyclic loading of
elastomers and application to soft biological tissues,”
Mechanics of Materials, Vol. 33, No. 9, pp. 523-530,
2001.

Bergstrom, J. S., Kurtz, 8. M., Rimnac, C. M. and
Edidin, A. A., “Constitutive modeling of ultra-high
molecular weight polyethylene under large-
deformation and cyclic loading conditions,”
Biomaterials, Vol. 23, No. 11, pp. 2329-2343, 2002.
Paajanen, M., Wegener, M. and Gerhard-Multhaupt,

14.

15.

16.

17.

R., “Charging of cellular spacecharge electret films in
various gas atmospheres,” Report,
Conference on Electrical Insulation and Dielectric
Phenomena, pp. 24-27, 2001.

Kelvin, W. T, “On the Division of Space with
Minimum Partitional Area,” Philosophical Magazine,
Vol. 24, No. 151, pp. 503-514, 1887.

Weaire, D. and Phelan, R., “A counter-example to

Annual

Kelvin’s  conjecture on minimal  surfaces,”
Philosophical Magazine Letter, Vol. 69, No. 2, pp.
107-110, 1994,

Boyce, M. C., Kear, K., Socrate, S. and Shaw, K.,
“Deformation of thermoplastic vulcanizates,” Journal
of the Mechanics and Physics of Solids, Vol. 49, No.
5, pp. 1073-1098, 2001.

Ariyama, T., “Cyclic deformation behaviour and
morphology of polypropylene,” Journal of Materials

Science, Vol. 28, No. 14, pp. 3845-3850, 1993.



