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Abstract: In this study, the viscosity of unidirectional CFRTP laminates near the melting point was
evaluated to discuss the relationship between the thermal fusion conditions and the flow of fiber and
matrix. The laminates were regarded as a fluid flowing in a direction perpendicular to the fiber. The
microscopic flow of the fiber and matrix near the melting point was observed during a parallel plate
compression test. Based on this observation, viscosity and flow properties were evaluated by the
finite element method. The results of the parallel plate compression test showed that the test
conditions and the decrease in the thickness of the laminates are related to the apparent viscosity
of the unidirectional plate. In addition, cracks in the direction of the maximum shear stress were
detected via in situ observation near the melting point of the matrix. The occurrence of this
phenomenon depended on the apparent viscosity of the unidirectional laminates and it was found
that no cracks occurred when the apparent maximum viscosity of the unidirectional laminates was

lower than a certain threshold.
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Fig. 1 Photograph and schematic drawing of setup for compressive test.

Table 1 Condition for compressive test and results of in-situ observation and FEM analysis for each specimen P.
Applied Applied Thickness Average of thickness
pressure temperature la decreasing rate decreasing rate K N
(MPa) (K) (s) (mm/s) (mm/s)

P-4a 3.4 —0.14

P-4b 4 1.7 —0.26 —0.18 54

P-4c 2.3 —0.15

P-3a — —

P-3b 3 488 5.3 —0.042 —0.039 52 0.15

P-3c 4.3 —0.037

P-2a 7.3 —0.0043

P-2b 2 13 —0.0012 —0.0032 49

P-2¢ 5.0 —0.0042

20 mm, § 5 mm, J£E& 1 mm O/N& 5 AT > VAN 2
ALz, ZhC kv, WIEOREIMSHEA T b EHEFRED
BAWMShIEREIE—E L2, FEHTLHEBA b2
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DDEMEITIDO =D & Uiz, DA, EAERO R EE
%215°C £ L, FEHEIGI2/8F X —% (2, 3, 4 MPa) &
L7-3E 28ERF P L L. (Table 1), £7-, 3B
R 285 X —% (220~225°C) & L, EfEGST% 2 MPa
L U7EER T 23 BRF T £ k& (Table2).

EHERBROFIEHIZIRDO BV TH S, £9,Fig. 1 D &
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O ICHBIRE £ CHRBE L, £, FRMEBRTHR
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Table 2 Condition for compressive test and results of in-situ observation and FEM analysis for each specimen T.

Applied Applied Thickness True compressive
pressure temperature la decreasing rate stress K N
(MPa) (K) (s) (mm/s) (MPa)

T-220a 193 0.32 —0.26 1.1 14
T-220b 0.46 —0.13 1.0 15
T-221 494 0.36 —0.61 1.5 17
T-222a 495 0.21 —0.96 1.2 12
T-222b 0.25 —0.80 0.98 11
T-223a 2 196 0.25 —-1.1 1.1 11 0.15
T-223b 0.18 —0.47 0.76 8.9
T-224a 197 0.21 —0.97 1.1 11
T-224b 0.54 —0.60 1.0 11
T-225a 493 0.18 —1.1 0.95 9.9
T-225b 0.18 —1.0 0.91 9.6
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(b) Regression lines for obtaining
thickness decreasing rate

Fig. 2 Decrease in normalized thickness of spec-
imens P during compressive test.
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Fig. 3 Decrease in normalized thickness of spec-
imens T during compressive test.
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stress and thickness decreasing rate in
specimen T.
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Fig. 7 Analytical distribution of the x-y compo-
nent of shear strain rate for specimen
P-3b.
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Fig. 8 Photograph of the surface of specimen
P-3b: black lines like slip line appeared
and increase during compressive test.

Fig. 9 Enlarged photo of specimen P-3b after
compressive test: black lines were matrix
cracks.
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Fig. 10 Photographs and schematic images of specimens during compressive test.
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Equivalent shear strain rate v, [1/s]

Fig. 11 Distribution of maximum and minimum
viscosity of all specimens T.

TR DR HEAREDY 3X10° Pars & D +43/N& <5 &
5 7% S TR T A A = LT, SHOFE LW

s = -

17252



182 HAE S RFEERE

448 HE55 (2018)

J2ZEenTES,

DEoZ enrs, HTHRMEMCBWTEL 2 A
I, MERZELSTEIETELILLKT A IELENTE,
RAROHMERED D 2 E L VKL 2 & SABFE LK
{mBEVI ZEMNbhrol., BB, KRTHVIHE
NI X —F DRIEFHE(K, NOWRE[FE) LY, 20
&0 BRI X B RERIB L D 2 RN X B B 8,
AR THE S B 1X LEnbDEEZS5NS,

=775
R

5. #&

il

AWFgECI1E, CFRTP —AMROB LIz B T2 R
P OREE L RN RE OBIRIC D W TR T 2720
12, CF/PA6 —J5 Izt U C BRI 35 X RIS
b S CVATER I E G RRER 2 1TV, FEAHR O fik
HE - BIIEOWMBIORET 2 2 DL LTz, & 512, [THE
RERCIF O NI FEMHIG ST E BV EE OG> S, H
FREEMNTIC L D — R ORE ST X — 5 38 X ORGEE
DR RDT, 2Tk, DITOHR 257,

1. AT AR SR T, ERERERRE O &k L IE O
HERE DZEALDS, — IR D J A 1 OFGEEIZ X - CTRIf%
ffFensd ZeBbhrol, bbb, —HHKOR
P OREEH/INES Wi ERBEDPIAOME & H Rz %
0, BEHERENEL %5,

2. T DHEBRORERIZ XY, BIEOBUSILEE T OFTF
WHEIFEMEClE, AR ABIGIAFAD T XD 3 EHT
FNCFed L Tw 2 DBE I NIz, TROBELC T
2 3HT T, SRR LR SRS O 1 < e £ 0
SAMEC TV, ZOEHDOFEER, —HARDR
DU OREIREL, —HARORKKED b 2 fH &
NIEL 2 L EENE UL kD EFLZOND,

ANF5EIE JSPS BHFEE 25 - 1110 OBIEL %52 1) TIT > 7z,

=

z

# X MW
1) BREALR 1 77 A F v 7 OB, v 7 ~ B,

(24)

2)
3)
4)

5)

6)
7)
8)

9)

10)
11)
12)

13)

14)

15)

16)

17)

18)

T (1993), p. 60.

A. Yousefpour, M. Hojjati & J.P. Immarigeon : J.
Thermoplastic Compos. Mater., 17 (2004), 303-341.
A. Offringa : JEC Composites Magazine, 58 (2010),
45-49.

G. Reyes & U. Sharma : Compos. Struct., 92, 2
(2010), 523-531.

SIFEAN, WITH, HFEm, AR, vE)E
7, JbRIES, & 8 OAREAEEERE, 41,
1 (2015), 33-44.

Y. Sun, Y. Luo, X. Wang & Y. Feng : Adv. Mater.
Res., 217-218 (2011), 45-50.

F. Yang & R. Pitchumani : Polym. Eng. Sci., 42, 2
(2002), 424-438.

I.D. Baere, W.V. Paepegem & J. Degrieck : J.
Thermoplastic Compos. Mater., 25 (2012), 135-151.
Z. Tadmor & C.G. Gogos : Principles of Polymer
Processing (2nd Ed.), Wiley-Interscience (2006),
pp. 887-911.

HABBHE JISNY R T v 7 i FI5RAF v 7 -
1996 (1996), pp. 433-448.

R. Balasubramanyam, R.S. Jones & A.B. Wheeler :
Composites, 20 (1989), 33-37.

J.A. Barnes & F.N. Cogswell : Composites, 20
(1989), 38-42.

P. Harrison, T. Haylock & A.C. Long : Measure-
ment of the transverse and longitudinal viscosities
of continuous fibre reinforced composites, In 8th
International ESAFORM Conference on Material
Forming, Cluj-Napoca, Romania (2005).

A.C. Caba : Characterization of carbon mat thermo-
plastic composites: flow and mechanical properties,
PhD Thesis of Virginia Polytechnic Institute and
State University (2005).

S.F. Shuler & S.G. Advani: J. Non-newtonian
Fluid Mech., 65 (1996), 47-74.

Z. Tadmor & C.G. Gogos . Principles of Polymer
Processing (2nd Ed.), Wiley-Interscience (2006),
pp. 108-109.

HAVA Oy —Fa LFlE - VAo Yy —, @7
174 (1992), p. 54.

ZHEKR D 7T AF v 7 X, 52,9 (2007), 96-103.



