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Development of Thermoplastic Press Sheet with In-Plane Randomly Oriented and
Dispersed Carbon Mono-Fibers and Evaluation of the Mechanical Property
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Abstract: We have developed a novel stampable sheet composed of discontinuous carbon mono-
fibers and thermoplastic resin for press molding of composite materials. This sheet enables in-plane
random orientation and dispersion of carbon fibers in composites. Therefore, complexly shaped
products, such as rib structures, are easily fabricated. Moreover, composites having superior
mechanical properties can be obtained because the fiber length in composite is easily controlled to
be long. This study addressed the effect of fiber length on strength and fracture modes of composites
made of the sheet, using tensile tests and micromechanical analyses. To investigate the influential
damage for the fracture mode, our analysis utilized Duva-Curtin model for fiber breakage. We
incorporated this damage model into an equivalent inclusion model combined with the Mori-Tanaka
theory to predict the tensile strength of the composites. The predicted results agreed well with those
of the experiments when the fiber length and orientation in the composites were appropriately
considered. Our analyses also indicated that 3 mm as the lower-limit fiber length in the composite,
below which the damage mode is no longer dominated by fiber breakage and superior strength of

the composites cannot be obtained.
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(a) Overview

(b) Cross section

Fig. 1 Overview and cross-section of the plate made of the sheet (V,= 40%).

ZITEHESX, BNEIBTESRER 5 2 258
TV AHM E LT, RGO REHED © 7 B B
TV AHEM EFAFE L e, SR CIX BRI L T2 R K
e BT VPERI IS I TP T > S A B S ¥ 5 2 e
T, MNEAWRIIEREETRT. 7, BIBMOE
BN XA 2 RIREREE L L TTRL Cr oMY
VAT EEEAY vy IRIEBHIATE, EEECE
N5, oz, REMOEE LR, MYLHER%
52 % 2T, EGiERL 77 ATy 7 OFREL 7%
STWRHEIZOWT, WETEXLZELTHS, Kifg
TR ZOMICERL, HE & REEOME D & iR -
fom A it 2 OICEERHR 2B 5720, FHMic
& 2 B O R B I R S Rk R S
BEIZOWT, EBRB XU~ A 70 xh =7 AEHTIC X
D FHii L 7z,

2. BRBEHETL REN

KIFGE TR 2 BTV 7V A EM L1, BV BT
L7z LWHIRNSAEDA Y 87 Vvy — s Th b, i
MIERFEFHED ~ v MICEITEEREE Ry b 7V A
ko TERSETEE Y 2, i 2 EBREE L, T2
BTV AT 2EER Y € v TEREC LD RS R
Bl 5 2 LHARETH 5.

Fig. 1123t % i TYEBL L 72 AR (BAF, Bz &
IE3) OB L BRI G E 2R3, BIBMT T, REMHE
PHAZ L AL TEY, BiigY v FEE HME S
NTWBZEMRnD, oD ED, EMoENTE
D5 T b, EMOEHIBIRAN ORI %2R
T2, ETNMEESM E LT TRD Y 728 /2.
R8I 72 ) 7 OWI B E % Fig. 2 10R3., #BigY v 78
By i, MEOSEED RN TWS 2 EDHERT

Fig. 2 Rib structure made of the sheet.
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Fig. 3 Cumulative fiber length distribution of
the composites.
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Fig. 4 Schematic of coordinate transformation.
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Fig. 5 Procedure of image analysis.
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Fig. 6 Fiber orientation distribution of CF mat
with in-plane random fiber-orientation
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Fig. 7 Comparison of Young’s modulus versus
average fiber length.
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Fig. 8 Comparison of tensile strength versus
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Fig. 9 Comparison of fracture pattern of the composite when the fiber length is varied.

(21)



142 HAEAMEY 58 &8

3 HE4as (2011)

MHEEDSEL 2o THIEIE—EMEx5. ZOKOE
1%, TR 15 GPa, & THI270 MPa Th - 7z,
Z OFREEIX, T Thomason? 12 & - CTERE I Nz A
TABMHELE R) 7oy sk 3 5FET v Ak
M (V,=20%TH L% 70 MPa) L HARTHEED TEW
BTH2,

B IR O RIREE I DWW TN 120, BIER
B OWTE 2B L, MHERIC L 2 BB ORI
DWTCHREE L7z, Fig. 9 IO FRHER: L. 28 1.3 mm, 4.7
mm DG DERERF 12 OWT, BRI ERTEE D E
TS EHE 2R Uz, WBRR OB, wIhoBs
b B L ZFEH A & BEE LS ETL TEL T
w2 (Fig. 9(a), (b)). BIERATR # & T 28 (0% b,
FlERA AR U 7o) (EH TS &, MR
JERfIE L Twd 2 g5 (Fig. 9(c), (d). 3&b
5, RERA NS 2 T, M - BIERE SRS TH
BTERRBLTVS, Lizas> T, SR
Wize o UIdiEEE I L > Tl E Tw 3,

Wi 2 522 L T 2R S BB 5 &, Y
MHERS love 7Y 4.7 mm D55 (Fig. 9(b)), FIERAFAID S
fE 72D Z2 IR S A3 300 um FBRETH 2 DKL,
515R 5 M AT e fikiE D 22 iR S 13 100 pm TR & 5
VW, 2D EnS, fxbERBES ORI A OfE
2D &, FWHERMRECe Bz o0 b, —F, WED
(BN SEERAE R Lpe 28 1.3 mm OREWIE (Fig. 9(a)) T
X, BlERAM EATRME, ST 2kMEL b, ki
RS 100 um BETH B, LieB>T, ZD7—
A CIEBIRENC X 0 HBRR OBicE >/ e FE 2 oh
5.

4. vA o0 A DY RER

AHEITIE, GO R FHE & BT BERE» 5 7% 5
RER & DRI S WIicEEMEN OB R O T € 7 v
BT, ZONTE TNV, FR-HTP OISR o3k
O EINAEYRED RIBSIENEE L THW W, %
7o, WEEESRME L U CHERNT 2 A8E L 7o 5 R &
T 2570, 77 TN OB BHED B LSS TE
ST MR E LRI L2,

4.1 i@igEREo€ET) >0

BEMEIR CHHEDTTE T 201 25T 2720,
WS 05 D IL S 2 B L 72 GLS £ 7 v ic o <
Duva-Curtin € 7V° 2F|HT 2. SHEDS x, 62 FITIC
WRSENTWDE ET 5, BHEEE O %% L Duva-
Curtin E 7NV CRBHEE S L 2B 1T /iy 24

§ 5000
& N L,=10mm
S L
& 4000 L —6mm
g 30001 L,=3mm
2 2000+ L =imm
B 1000}
g
3 0 1 1
0.0 2.5 5.0 75

Applied strain €335 (%)

Fig. 10 Simulated result of average fiber stress
as a function of the applied strain.
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Table 1 Material properties of the poly-
propylene matrix.
Young’s modulus £, 1.8 GPa

Poisson’s ratio vy, 0.3

Initial yield stress o, 11.1 MPa
Reference strain at rehardening e, 0.175
Hardening rule 4 100

b 2.37
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g 10 Young’s Experment 20 24.6 11.1
s Sl modulus 17 258 114
S (GPa)  Anaysis 20 303 135
Q
E 0 N T Tensile  Experment 20 432 183
90 0 %0 strength _ 17 419 164
Orientation angle 6 (deg) (MPa) Analysis 20 192 190

Fig. 11 Fiber orientation distribution of CF mat
with local fiber-orientation (/;,,=6.4
mm).
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