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ABSTRACT From lengthways tensile strength of unilateral uninterrupted fiber reinforced composite,
and analyzing the meso-mechanics and deformation, a strength predicting formula of short fiber reinforced
composite has been established by using the dimensions of short fiber to amend the influence of its
length and orientation on tensile strength. To check the validity of the formula, the predicted results and
experimental data for the short carbon fiber reinforced PTFE composites have been compared, and a good
agreement is found.
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1 >?���@ABCDEF@G�HIJKLM
&$G�����"�����, �N�IIF

�LJKF�O���F�4P, Q>�M3JIJ
NKL�OK [3](L 1). M��O(M�#(F�I
ILPRDM, #

σcAc = σfAf + σmAm (1)

�5>N c(f(m *O&R����(��!(M,

# A H���:'P*�QNR, σ HQN(�R
K. O Vf=Af/Ac, Vm = 1 − Vf *OH"���!(
M�MR*), SG�����"������II
�$O��!(M�II�$�+KH

σcu = σfuVf + σmu(1 − Vf) (2)

�5 σcu(σfu(σmu *OH����(��!(M�

II�$.

&$Q���"�N�(M, (M�LPRD

T 1 OPPQ

Fig.1 Sleeve model

T 2 RSUSTRVQVSRWU
Fig.2 Stress-strain map of fiber and matrix

εm,max Æ���LPRD εf,max ;T0 (L 2). MR
DUV εf,max M, ��QRKUV��$X σfu #L

P, YMZ��T9������[8RKH
σc,max = σfuVf + (σm)εf,max(1 − Vf) (3)

>6HG���"������N�II�$��
596. ��LPU (σf=0) (MWX P\V, �

���V�WJ�[8RKH
σ′

c,max = σmu(1 − Vf) (4)

Z6 (3)! (4)TV�����$O��MR*
)�+K (L 3). +L 3 �W, M Vf < Vmin([WM
R*)) M, σ′

c,max > σc,max, Z(MT9�����
�$; M Vf > Vmin, σc,max > σ′

c,max, Z��T9��
����$. ZL 3 �T, S���$X"�38�
[W��MR*) Vfc LT*MR*)H

Vfc =
σmu − (σm)εf,max

σfu − (σm)εf,max

(5)

YM, UXV#��=LP, V>�(MY4#�K
GYWXYK38.

Q����$!F�ZQZ�][, ����"
������K�6H<F$���"�����,

Q>[\&�II�$�596 (L6 (3)) K6]

^.

1) ����$]^
���T*�$ (lc), H�ZUV���II�

$ σfu �[W���$. [K�����*N�RK
τs H\#, I\WIIRKO�RK_]�%^, L

πdf · lc · τs = 2 · π
4 (df)2 · σfu, S���T*�$H

lc =
σfu

2τs
· df (6)

T 3 ]_^XY_URST``^Ra_RWU
Fig.3 Stress-volume fraction sketch map
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�5 df H��QNbb, τs ��(Mc*N�d�

�$5�W-. �G]e����$8$T*�$,

�8%f��RK σf
[3] ]^���$�][. &$

*Nd��$H\#�^<, σf= σfu[1 − lc
2l ], 8��

��LPM(M�RK σ′
mu ea (σm)εf,max , S&�

��$]^U�����II�$H

σcu = σfu(1 − lc
2l

)Vf + σ′
mu(1 − Vf) (7)

T*MR*)H

Vfc =
σmu − σ′

mu

σfu(1 − lc
2l ) − σ′

mu

(8)

&$(F���!(M��, ���"������
T*MR*)Æ����"������;.

2) ���F��]^
Zhu Z [5] & 8#���gh_fi`*b*

a�j]��*f��!G���"������
II�$,c-8����$dRb]^���"�
����5�c�RK*f�<fd�.O k=lc/l�

θ=cos−1k, & lc �F��][K)H 2θ
tanθ , [� P

��II�$(Z(c&���$(Z(��&(M
5��*f(*NH&eef, S�k6 (7) ]^H

σcu = σfu(1 − kθ

tanθ
)Vf + σ′

mu(1 − Vf) (9)

�

Vfc =
σmu − σ′

mu

σfu(1 − kθ
tanθ ) − σ′

mu

(10)

(9)6LH�8$)/�5�����"�����
�II�$(%96.

2 >?f���@PTFEABCDEF@GK�H
gh��Æ

C���#Æd�K���(>;9�!��
gK�, OC@@AB (PTFE) ��U�#d��
E;9�!>e��� [8]. #8:<l"C��
�%fbb 8.3 μm, �$ 106 μm, II�$ 1000

MPa. PTFE (M�II�$ 21.3 MPa, d��$�

40 MPa. S8Yh.), Z6 (6) �5-T*���

$ lc H 102 μm, k=lc/l=0.96, θ=cos−1k=0.28; Z6
(10) �5-T*MR*)H Vfc=

σmu−σ′
mu

σfu(1− kθ
tanθ )−σ′

mu
; Z

6 (9) �5-��MR*)H 15% M��C��"
� PTFE �II�$H

σcu = σfu(1 − kθ

tanθ
)Vf + σ′

mu(1 − Vf)

gg<FMR*)����"�������$(
%X, f$h 1.

&C��K6hNi&, �iiC@"���O
(Mjj_]�*Nk$ [9], j*km"����
;�$!;�#k�, *gl*NH&eef�[�
ln. C����$&�"� PTFE �����8

m&��!�$#l\ii�][ [8], ���$�

hoX8mH 100 μm, O�G�(%�X(�n�.

Grakovich[10] 8ZinMi&Fm&��C��K
6hNp�, )UO PTFE ��TV CF +#*)
H 20%(MR*)m 24.2%) �����. �II�$

H 32 MPa, O�G(%�X�ÆXH 98%. ojn

8*lk)o�p�8G�lmqi&Fm. nI

�XUh 2Vo,�5&MR*)H 12.5%C��"
� PTFE ����n8lmqhNi&!q#hN
i&ppC��nr.

h 2 h5, &C��hNK6lmqi&, c

;*��O(M_]*N�k�q$, MR*)H

12.5% C��"� PTFE �������88c;,

�II�$�c; 22%. Æ�h 1 Oh 2, CF MR

*)H 12.5% ! 15% M, $I�XO(%X_Æ*
OH 90.7% ! 90.4%, h5(%�XO$I�X(�
4P.

r 1 osT``^cZtRS`Y PTFER[\

Y_ads
Table 1 Tensile strength predictions of PTFE rein-

forced by different Vf of short carbon fibers

Vf σcu/MPa

24.2% 32.65

20% 29.48

15% 27.44

12.25% 26.31

10% 25.39

r 2 cZtRS`Y PTFE R[\Y_qus
Table 2 Test results of tensile strength of short

CF-reinforced PTFE composite

12.25%CF 12.25%CF 15%CF

PTFE fiber not surface surface

treatment treatment treatment

σcu/MPa 21.3 19.1 23.8 24.9

3 t u

1. J-*8$)/�5�����"����
��II�$(%96

σcu = σfu(1 − kθ

tanθ
)Vf + σ′

mu(1 − Vf)
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2. S8Y6(%96, ��C��"� PTFE

�����II�$(%XO$IXn�TÆ��.
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