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Effects of Compressibility of Polymer Melt on Fiber Orientation and

Mechanical Properties of Short Fiber Reinforced Composites

Seok Won Lee* and Jae Ryoun Youn®

ABSTRACT

A flow analysis considering compressibility of the polymer melt is carried out to predict fiber
orientation states. Tait's state equation is adopted to describe compressibility and modified Cross
model is employed to consider non-Newtonian behavior of the polymer melt. The 2nd order
orientation tensor is introduced to describe 3-dimensional states of fiber orientation. It is possible
to predict flow-induced fiber orientation by solving the equation of change for the orientation
tensor with a suitable closure approximation. In this study, orthotropic closure is applied except for
the low C, value. Fiber orientation develops mainly due to shear flow in the skin layer and due to
stretching effect in the core layer. It turns out that the compressibility, which induces additional
velocity gradients during packing, reduces development of the fiber orientation. Results are
dependent upon the magnitude of the interaction coefficient between short fibers. The larger the
interaction coefficient, the smaller the orientation development and the compressibility effect, and
vice versa. Effects of compressibility are strong at the middle layer where fibers are moderately
oriented.

To predict orientation dependent mechanical properties, the orientation averaging for an
arbitrary orientation is performed from the properties of a transversely isotropic unit cell. The
compressibility reduces the axial modulus, and increases the transverse modulus. For thermal
expansion coefficients, opposite results are observed. The larger the interaction coefficient, the less
the effect of compressibility. The compressibility reduces anisotropy on the whole.

= =

o =
G BPARY 4% G JUE 9587 99 2ER $909 FEYS TAT 45 A4 S
9o 284 4492 F24E Yeh] A2 Taitel AUBRAT MRE ASS dehiy) 4@ 43

€ Cross 29 o[ 439ch. 3349 44 w2 418 BAS] d3ed 24 w9 ANE =9side A4
& 23 2T o183 Bl IS 9T W3 PPUS F 5 v 459 4T A6 g9 o350

AedEgn AenEAeds



4 o144 - g8

HEEAHEEER

7Fsdtth & A7dMe we C
T2 skinFoME AY &
GEA B E FHEQ
R3] AE 71"%3 A€
A4 g 22 3R Be 3
Mg e gay yae &
T3E FYsith dE4e &
- AFY Bede
R o cg.g%xg o o]uuéo 7L/\}\]7] g}

Azl o9&

L4 2

2 F2EY AzpoA BAAZ Aot iR B
A&, B3] d& EJJ B3 2(FRP)¢]
Hi de o]2& FRPe $-53 vZdx, v|744, 9
44, 183 LH—‘?oéVa‘ 59 BAd 7igc) e 3
A B&A) 8(continuous fiber reinforced compos-
it€)~‘c:~ =% Hobd A Begn B 715

29 A2 ooy g AtS A Hol of
a} P45 BYARY AUE A¥ FAS 0P 4

W 2@ Pxel Adel As® UAE BUAR

(short fiber reinforced composite)2] Adgo] F4]o]
o] so} gek.

TAR 2RARY 43 P F2 A4
(injection molding), %%4 ¥ (compression mold-
ing), A@4 3 (transfer molding) S| sty 22
Aol go|3t ErtaA £AE FE AMESlE A
Aol o Aol HHE B3 ik ey AEA
2% U] f5d o3 ddRo Hge] Bxe w3
A& o]Fo]
9 nAlE Fxu 718 Rt ojye} dgkE
Aot du% Agdx JEE vXA dr} a3z
2 3% U Af Wgs 7 dEetn, Ao & 3l
o9 o e EA4E Ze AFY A A 8
DE #5749 47 € 717E 3 Ry
vjge] g A7 aFHh

T84 e 2R wide] dig A3 19209
el Jeffery[l]e] &7 olgj2 1980d) o F
Givler, Folgar, Advani, Tucker ol 2]5ld Z2
AL o] FojA HATH2-5]. B A4S RE 59
R fE A/ Ee S5 dsliMe F
2 A JTo| o|FoA: UTH6-15]. o)A 7= <]

8]

e WE Asta
Foll eJeiA, coreZolre
&% Fl7E A wEY 2
3t 45 {}*é A7t E55E WE
5ol G2 a7 A Jepdh
317) 9ate Jl2 A9 unit cell 23 E ¢olo) wide] dg wlE o
Wik AT E FaAFIn
dole] 237t veigtt. 45 1y 74]-r7} FFE 4F4

owt} V

ol go] Z7b *(eavity)7} A FEAME

Al FE B o] FolA| A

o]¥}d(anisotropy)o] FAsH FHF A

£ Amoly A% 24P ol 48U Ak wge -
4% £59) e weLd |
g AEE A2 Jer syt o de

22 Poe Fasignt

hRgel BAASE AT 993
3o) Ehe 270 debdek 2

Ao gREEL a8A £g99 4HAHL 1A
1 HgEA e ol8sld A BALE sl &t

o 2y diAAdel gl FHe ol FjulE
IEA S99 4F
Bt AR veldr] b2l a8 A5 ulde
d&5E gl e dES el X 3A}7} g
Aol ¢4 nEA AIEAEY A9 4EEE g
g oJe] A3zt o} FolA] $eui16-18], A uld e
23 k.

gepa] B dPoe EAdE 2 4 e 53
ato] Af g T oo wE d8E g vlAE 9
&8 AHEnx ok 4 §4e FEM/FDM &4

<Z18E AMEE FHAL A ZFH(control volume)H & o] &

s9n, 4&dE nEsl] % e wAae Tait
2[16-18]% olg3dtdich Hx 2de 4 g(modi-

fied) Cross Re& AL&38l5i, 24 ¥lE HA4E 218
3 ulE Wl ua g

4z} Runge-Kutta W& o]
B3t EUc

2 1o
2
;
ol
o

i

=
AT AT
(g do &7

< a4a riee maae
o] FFsadleh £5 A4S Ael
£5F WRA, A BRATH A A BT

4 WRAE EoloKE ok BW A9l vgd o

2»: b
LA N

oz g Ho
x R 0% o
o

ﬁ‘F

ol

Catd WS fEel 2T = gley Tuck-

er[19]& 7] F7Korder of magnitude analysis)&
o5t FAE g2 FF diMe 5 A&
S o2 a2z €& BYoh



BUSH H45 19988  IEA £599 ¢34 g%

E¥deel 44 wE 2 5:}:1«} "é*“ﬂ ] & 9% 45

2.1. RE s
4*—21%1%*011 AHgElE BEAE Fig 13} 2o 9w
o2 A FYL A wS ¢, 18R f5e
H]—o—& creeping, inelastic #5202 AL T,
nEA £g99 GAELIF uf$ 2ol HH Higko]
AEEIHRE FAY ¢ st olg gk 744 o) lubrica-
tion, quasi-steady state 713 & F7lsled 7] 7 E
53 Aelg A& R, 5% U, duA BE
e thga 2t

22+ \pm Z-(pw)=0 (1)
07%(,,%)%2 ............................ )
0 P] . g\: )_% ................................... 3)
pC,(——— +u—§;7; +v g—>=k :j;—any’ (4)

A7A x, y, 2= BEA, 0, v, wE 2 ZFARY &
T AE Pe 98, Te 2kol1, px 2E, Cpe ¥
g, 72 Fx, 283 v
3} go] F3 Tk

A ¥YEe A7oln, o

AA 23 953 2.

y=v=w=0, T=T, at z=h.., ............................ (6)
2_’{__:9\) — ___O W___O at ~___O .................. (7)
7 27 9~

A7 hE F
u _ 2Pz

= P A 8
22 2x N ®)
v 2P z

v e (9)

2z 2y 7

2 (8)% 9)% T ARS Dot 2,

C,

-/ ) | /Cj N -
. //, )g\c,,, O

(3

Fig. 1. Schematic presentation of the flow in the mold and its
definition of the coordinate system
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Fig. 2. Diagram of linear triangular finite element, finite diffrence
grids in thickness direction, and sub-control volume
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Table 1. Constants of the polystyrene for the modified cross

model
n 0.274
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Table 2. Material constants and processing conditions

C, (erg/gK) 2.34%10'
k(erg/cmKs) 0.976x 10"
T oure (K) 473
Tvat (K) 303
Qe (cM/S) 35.0
Table 3. Constants of the polystyrene for specmc volume
calculation
by (cm’/g) 0.988 by, (cm’/g) 0.988
bay (em/gK) | 6.10x107" | by, (cm/gK) | 1.49%10™"
by (dynefem’)| 1150107 | b, (dyne/cm’)] 238.0x10°
bay K | 3.66x107 | b (K™) | 2.10x107
bs(K)- 3850  |be(Kem'/dyne)| 7.8x107

A3 B3, Aol EdlAle 7] AH wEL vl
o] #j¥(random orientation)S 7FFsl¥ el F3o]
248 YA sS4 AIZHE txme)»— 09111
o &= et

Fig. 5 oA 72 C/%}C—* 0.01¢ o Sk A7t
A BRI AR wEgE veiigden ugEy 7t
e ol 8% A ‘%}"“é nejg gl Ad
g ’AE o] &ste] Faldzl g eld(orientation
ellipse)S =AIE Aotk vjd e 344 wig &

A 2RE Aozl A A9 sfgkeigenvalue)S =27)

2 slm 10 wE afEi(eigenvector)E F g



50 ol4g - &4 8

BEMSHEREER

CXAARAANRRPP|
222225 S L P
- e P D P D LA
——_— T AT D D (T

—
oy T W D O

-
-

N
N\ T
~~

N

o
AN

oxx:
N

1
=

LLLULTITI Y
Xt

3
-
-

- e D P D D

o
<
@
woo
—
-
N

N
Nes
<
RN
>

S8REIRRRARAIH
SRRV
DRSS ER R RNENNN
BN NN NN S Y

\
)
3
ANY

)
%
%
W
AN

Y
%
%
%
00
00

[]

SZTRBRRIRRRRGH]
RV
DAREERRRRNNNN
NN Y

R
B

8
%
%
0%
(]
00

o

Fig. 5. Predicted orientation ellipse at z/h = 0.0 when C;= 0.01
(a) compressible case
(b). incompressible case
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Table 4. Mechanical properties and thermal expansion
coefficient of matrix and fiber

matrix (PS) | fiber (E-glass)
E (MPa) 3200 73000
v 0.33 0.25
a (K™ 7x107 5x107°
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