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ABSTRACT The three fiber/matrix finite element model was developed to study the microstress
distribution of titanium matrix composites under the condition of the fiber failure and the matrix yield.
The results showed that the axial stress at the position of fiber failure drops to zero, the load-carrying
capacity of failure fiber decreases, while the load-carrying capacity of the neighboring matrix and fiber
increases. The ratio of stress after and before fiber failure increases with increasing fiber volume fraction.
When the middle fiber breaks, the failure occurs immediately in composites at high fiber volume fraction,
and the failure location in neighboring fiber occurs in the identical fracture plane. For composites at low
fiber volume fraction, the matrix plasticity significantly influences on the load transfer between the fiber
and the matrix.
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>�;6��;!�*B=�=>!��.>)?
����,=���.>)?����=>F�$)

##D!:@?E [11]. �7?@A�>����
�$��92@G�,FB�CA, GB+A=>#
#)*�������$C#���"H���@
A [6,12,13]. Ananth[11] ��7?@A)6(��
92�DDBH=EC�����92�94, F
B=>(DEE92��F##)*,  �G�)
6��.>)?=����$)##)*�94.

Ladeveze[12] !FC<I&�)6($�I�=$)
##)*�94. He � [13] �J=J�7?�;)
6(92��KF�##)*HI, J&�.��A

GK�, �G�KL�.���1=##)*�9
4.

LHGMN��/�.K���7?�;, !4
D##7-=>92���DE�����92D
F�##)*, ����.>)?��.���1�
94.

1  !"#$
!LI?@@M�MO, SiC ���� Ti ��

���+J#,6�����PK���L92, Q

*89��.N;$)���1. LH�� MARC

�7?R )6��926 SiC ���� Ti ��

���+�##)*, &��.���1=##)*
�94. ���N��/�.4D##�7?�;A
NÆ��N+, OH&!+I��+MP"%. A:
=J�, BKLO"%��DE�PÆNQ��. �

��QJA 70 μm, SKDE��RDRI�LÆA
213 μm, OS���A 600 μm.

����.S?T� 4M�PU1S?, ��O
�.RINTHM. !���JI@IFQUS?
5�A 30 V m, !���JI@IFQUS?5�
A 10 μm. �7?�;NWO 800 KS?, *+��
S? 180 K. PQN��/�.�;O�����@
?HI�P&�XT,  �=>;SQU:70��
���9217.

Q� SiC/Ti–15–3 ����A�;��. !�7
?)6+, J&V�E Ti–15–3 �.ARIR��

K����, W' Von Mises VYFX, VY��A

690 MPa, YS��A 95.4 GPa, 5<��A 4 GPa,

ZTU?A 0.34;J& SiC��ARIR��GK�

��, YS��A 469 GPa, ZTU?A 0.17.

2 %&'()
2.1 *+,-. SiC *+/0 Ti 123Z456
7[\89

V 1 SF(��7?@A][� SiC/Ti–15–3

����OS+MD (T XJW!�4D) JI�#
#)*, V+S WG)\RX��92"6OS+
MDF$)##)*, Y-�?@##A 2622 MPa.

8V 1 X&UF, !��92PJI##$A 0, V
�E�.�DE��F�JI##Y�. A:��
"%:8��92PVWW��JI##]Z^, Z

^�##I�.�DE��DE:8(V�E�.
�DE��FJI##Y� [14]. V 2 SF(��7
?@A][�92��FJI##�E (926##
σf O92"## σp ��E) ^��JI)* (T Y

J). V 2 RZ, ##�E^��JI8 1 $_ 0, _
X�##8[-## (2622 MPa) $_ 0, OV 1 +
92��`D##A 0�MY[�.Z\��+JI
##^JI��!, Æ[J#4\Xa_

dσz

dz
=

2τ

rf
(1)

*+ σz A��JI##, rf A��QJ. Æ[]\

(1) RSX&a_��92DF�JI##A 0, 9

: 1 ]^]_^_b``a`cd
Fig.1 Distribution of axial stress in the fracture

plane

: 2 ]_]^_``a`ebcd
Fig.2 Variation of the stress ratio along fiber axial

direction in the fracture fiber (vf=35%)
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2��FB@�#�$!gd:8DE����.
BJ�@7�6 [15].

2.2 *+;<7=.>?*+@56fA\89
A()6��.>)?=DE��F##�E

�94, GM�7?�;bc@3��.a�e@d
��.>)?��!. �7?=>MYRZ, eg�
.a���6DE��F##�E$!, Teg��
.>)?�6DE��F##�E�6 (V 3). Jun

He[16]!)6 Al2O3����f�������92
=*$)##)*94b, a_(RS�MY. eg
��.>)?��6, ��BJ�@7�6, �.F

BJ�@7bf, W&DE��F�##�E��.

Rb,eg��.>)?�6, hi SiC��O Ti�

E�.RI��1gh�#jX, ��"gP�##
hT�j�, OQe��.>)?��6��RI�
LÆ4Pi$!, W&��"gP##hT�=DE
��94j6, DE��F�##�Ej� [17]. 8

V 3 cX&aF, j�.LÆ6: 0.4 mm b##�
E�!D=,f, T���.>)?!: 20%, ##
�E�!D=,!. A($!##�E, ����+
���.>)?#d,!.

2.3 >?*+@\567[
! Ti ������LI?@@M@G+, ��

"%CADEE92��F##Y�, 94����
�"%@G�92�\. V 4 SF(��7?@A
=>�+M��"%bDENQ��F##�E^
��JI�)* (��.>)?A vf=35%). 8V

4 Xe, ##�E8 1 �-_ 1.18, D#�JI##
8 2622 MPa �-_ 3093 MPa. $�92��Z^
�##kl_DEE92��F�mf. Chou[18] �
5>�;][DE��FJI##, a_(ih�M

Y. A:5>)6=>+Z\(�.+BJ@7�
i�,][�##�E���7?@A=>F��E
�. DE��F##�E�i�:8(����!k
PÆ��"%6MT92, $Pdj_] Ananth[11]

� Majumdar[19] �OMClWn@. =: vf=35%

�V�����, DE��F�o6##k:92�
��"%D, �����921\AND92. Æ[

2.2 �)6, eg��.>)?��6, DE��F

�##�E�6, W&=:���.>)?����
�,!kPÆ��"%6, ����#MT92, Q9

21\AND92.

Rb, j��92b, DE��FJI##^J
I)*�a%#,, A:��lW, o6JI##!
���pU (Tj9"%��Pm)(V 5). V 6 RZ,

X kl!��92`DFo6 (�7?�;�n,),

/;DE��Fo!lW##, DE��pUAlW

: 3 a`ebm^ngpbqh
Fig.3 Variation of the stress ratio with thickness of

matrix

: 4 ok]^_a`ebq]^``cd
Fig.4 Variation of the stress ratio along fiber axial

direction in the intact fiber (vf=35%)

: 5 ok]^_a`ebq]^i`cd
Fig.5 Variation of the stress ratio along fiber radial

direction in intact fiber

r##, sUAlW?##. lWr##O?@##
@IDR, W&DE��p`##�6, 9sU�l
W?##O?@##@IDr, ##$!.
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: 6 ok]^_ X ptq]^``cd
Fig.6 Distribution of X-displacement along fiber ax-

ial direction in intact fiber

: 7 ok]^_a`ebq]^``cd (vf=15%)

Fig.7 Variation of the stress ratio along fiber axial

direction in intact fiber (vf=15%)

: 8 sqrsqtuok]^_a`ebq]^``
qh

Fig.8 Variation of the stress ratio in intact fiber

along the fiber axial with different level of ma-

trix plasticity

2.4 B3C1;DEuFGHIJ.567[\8
9

��7?@A)6 SiC���� Ti�����

(vf=15%) ��#�lv, ?d��#�&P&�j
�IDE��lv. Æ[o65<##7=, o65
<##�CA�.��VY�.Æ/%, _X��.
VY^go65<##kl:8�. o65<##O
?@##+ 45◦, /;V�E�.��#�&P&�
j�IDE��lv. Cl SCS–6 ���� Ti ��

���$C1m_?d, �.VY�^go65<#
#kl:8�, O?@##+ 45◦ @I [11].

V 7 SF(��7?@A=>a�DE��F
##�E (���16## σs ����1"## σp

��) ^��JI��! (vf=15%). 8V 7 Xe,

o6##�EO��92D (X J) �P&�LÆ.

$���)"^gP&j�IDE��lv:8�,

Rb_vZDE��92kwO+I���92k
w%!PK4Dn. ���.>)?j!, �.+�
��lvjt, ��92#AuND. Majumdar[19]

�o?p25 AE ��rDkl[25 SBR Cl

Ti ����� (vf=15%) +��92kw, _?d�
�92kwuND, OQOklvq<Dm, Xe�

��1=:DE���92kw�n&��x�. R

b, eg��"^lv, �.BJ@7��#4Pi
$!, DE��FBJ@7oD#�6, DE��F

�##�E_4Pi�6 (V 8), Xe�.VY=�

�O�.RI�@7DE�)Æ�94 [20−24].

3 % )
�7?@AX�:����92��.VY=

SiC ���� Ti �����$)##)*�94.

j��?;92b, 92`DF�JI##$A 0,

DE�.���A:92��B@�#$!oBC
p��##; eg��.>)?��6, ##�E�
6; ��+lW##�o!:8DE��FJI##
)*%#,; j+M��"%b, ��.>)?��

����MT92, Q921\AND92; =:�
�.>)?!�����, �.VY=����.R
I�@7DE�)Æ�94.
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