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Fig.1  Double-circular cone and its coordinate systerm 
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Fig.2  Comparison of stress between the numerical result and the 

FEM result: (a) σ
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Fig.3  Equivalent elastic modulus varied with the height of the 

zone of one base 
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Fig.4  Variation of the equivalent elastic modulus with the 

ratio of thickness to radius of particles for the com- 

posite with hexagonal prismatic and similarly ellip- 

soidal particles 
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Fig.5  Variation of the equivalent elastic modulus of composite 

with the shape of hypersphere particles 

 

 

 

 

 

 

 

 

 

 

 

� 6  TiC-TiB

2

����������� TiB

2

������ 

Fig.6  Variation of equivalent elastic modulus of TiC-TiB

2

 

composite with the volume fraction of particles 

 

���TiB

2

-TiC ������	
 

±@ TiB

2

-TiCef�ef/ TiB

2

/zD{nÃq

rqd�Ãqrst*�u7�|FP±w)�*+�

2

TiB

560 GPaE =

�

TiC

450 GPaE = �TiB

2

]µ1a.��

FG	
1axyK� 6\ý$ 

î@��7?k/Ï@¢A�>j���?kã

		
PÌ�z�£A�=�wf�»�,-ÑÒb

cHI[z
M*{$ 

�������

1) {Ø�JHI� Eshelby ´µ�p2 Eshelby

´µ#��i�
M|}#���$ 

2) PLÈÉÊ*+�w�,-��,-±»�

"ü'��,-��±��ã		
s~'($ 

3) �,-���,-��57�̂ 7*�@-

+�i��wPU.±��	
�ÜÝ�g�)��

0.1 1 10

215

220

225

230

235

240

245

 

 

E
q

u
i
v

a
l
e
n

t
 
E

l
a
s
t
i
c
 
M

o
d

u
l
u

s
,
 
E

/
G

P
a

Ratio of Thickness and Radius, m

 Hexagonal prism

 Ellipsoid

0 2 4 6 8 10

215

220

225

230

235

 

 

E
q
u

i
v
a
l
e
n

t
 
E

l
a
s
t
i
c
 
M

o
d

u
l
u

s
,
 
E

/
G

P
a

a

3

/a

1

 Hypersphere, p=(0.3, 0.3, 0.3)

 Hypersphere, p=(2, 2, 2)

 Ellipsoid

0.0 0.2 0.4 0.6 0.8 1.0

440

460

480

500

520

540

560

580

 

 

E
q

u
i
v

a
l
e
n

t
 
E

l
a
s
t
i
c
 
M

o
d

u
l
u

s
,
 
E

/
G

P
a

Volume Fraction of TiB

2

,  f 

 Hexagonal prism, a/h=5

 ellipsoid a

1

=a

2

=5a

3



� 4�                               ������	
���������������                         �1153� 

*�@q+�r.�±��	
ÜÝsz$q+��

`a ,-.ËÌsz�£AK"��*�@q+0

ôõxy*+HInvgËÌ$ 

4) ��±Ô	�i>j�op*+.���?

k¸��ã		
Ì��z.=�w,-bcHIË

Ì�z$ 

 

����    References 

[1] Eshelby J D. Proc Roy Soc A[J], 1957, 241: 376 

[2] Wang H H, Sun S C, Wang D Y et al. Powder Technology[J], 

2012, 217: 340 

[3] Zou B L, Xu J Y, Zhao S M et al. Chemical Engineering 

Journal[J], 2013, 233: 138 

[4] Zou B, Huang C Z, Song J P et al. Materials Science and 

Engineering A[J], 2012, 540: 235 

[5] Cui H Z, Ma L, Cao L L et al. Trans Nonferrous Met Soc 

China[J], 2014, 24(2): 346 

[6] Yang Y F, Jiang Q C. International Journal of Refractory 

Metals and Hard Materials[J], 2013, 38: 137 

[7] Kang H, Milton G W. Archive for Rational Mechanics and 

Analysis[J], 2008, 188(1): 93 

[8] Liu L P. Proceedings of the Royal Society A[J], 2008, 

464(2091): 573 

[9] Zou W N, He Q C, Huang M J et al. Journal of the Mechanics 

and Physics of Solids[J], 2010, 58(3): 346 

[10] Huang M J, Zou W N, Zheng Q S. International Journal of 

Engineering Science[J], 2009, 47(11-12): 1240 

[11] Huang M J, Wu P, Guan G Y et al. Acta Mech[J], 2011, 

217(1-2): 17 

[12] Nozaki H, Taya M. J Appl Mech[J], 1997, 64(3): 495 

[13] Wang M Z, Xu B X. Journal of Elasticity[J], 2004, 77(1): 13 

[14] Kawashita M, Nozaki H. Journal of Elasticity[J], 2001, 64(1): 

71 

[15] Xu B X, Wang M Z. Acta Mech Sinica[J], 2005, 21(3): 267 

[16] Zou W N. Acta Mech Solida Sin[J], 2001, 24(2): 176 

[17] Zheng Q S, Du D X. J Mech Phys Solids[J], 2001, 49(11): 

2765 

[18] Jack D A, Smith D E. Journal of Composite Materials[J], 

2008, 42(3): 277 

[19] Fu Yunwei(���), Liu Xiequan(���), Ni Xinhua(� 

!) et al. Journal of Mechanical Engineering("#$%&

�)[J], 2012, 48(16): 46 

 

Prediction and Analysis of Equivalent Elastic Property for the Composite 
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Abstract: Eshelby tensor is not a constant parameter and there is no analytical expression for a non-ellipsoidal particle. To simplify the 

calculation, a non-ellipsoidal particle was usually treated as ellipsoidal in most analyses, while the simplification needs to be vivificated 

for particles in composite are not always ellipsoid actually. To study the error of the simplification, the Eshelby tensor and the average 

Eshelby tensor of several non-ellipsoidal particles was calculated numerically, and the numerical results were verified by comparing to the 

finite element method results. Based on the numerical result of Eshelby tensor, the influence of the non-ellipsoidal on equivalent elastic 

property of the composite was analyzed, and the necessary condition of the simplifying the non-ellipsoidal particle to ellipsoidal particle 

was obtained. The results indicate that the numerical method in Eshelby tensor calculation is highly precise. It is acceptable to simplify the 

non-ellipsoidal particle to ellipsoidal particle when the non-ellipsoidal particle is highly symmetrical. The oblate particle has more 

important influence on the equivalent elastic property of the composite than the particles of other shapes; hence it causes larger errors to 

simplify the oblate particle into an ellipsoidal particle than simplifying the particles of other shapes. 
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2

 ceramic; non-ellipsoidal particle; average Eshelby tensor; equivalent elastic property 
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