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Abstract: To achieve an excellent thermal-mechanical performance of CMCs, it is 
necessary to analyze and design the thickness of the multi-layered interphases for 
an optimized TRS distribution. An optimization was performed with a new version 
of the particle swarm optimization, the BSG-Starcraft Radius PSO linked to a 
finite element software. 

Keywords: Ceramic Matrix Composites (CMCs), Finite Element Analysis, 
Optimization, ParticleSwarm, Thermal Residual Stresses 

Reference: Xu, Y. J., Padayodi, E., Bahrani, S. A., and Chamoret, D., 
“Minimizing Thermal Residual Stresses in Ceramic Matrix Composite by BSG-
Starcraft Radius PSO”, Int J of Advanced Design and Manufacturing Technology, 
Vol. 7/ No. 2, 2014, pp. 21-24. 

Biographical notes: D. Chamoret has a PhD in Mechanical Engineering from 
EcoleCentrale de Lyon, France. She is currently Associate Professor at University 
of Technology of Belfort-Montbeliard (UTBM) France, in Mechanical 
Engineering and Design Department. She has been working on modelling and 
numerical simulation, investigating various topics such as: modelling of contact, 
phase transformations, optimisation.At the present, her main research interests 
concern the development of optimisation tools and their application in mechanics.. 



22            
 

© 2014 IA  
 

1 INTRO

Ceramic m
interphase
structural 
multi-laye
(TRS) ar
processing
mismatch 
(CTE) bet
matrix). T
and separ
significant
lifetime o
mechanica
analyze an
interphase
context, it
of CMCs 
element an
of the Par
Starcraft R

2 FINIT

The fab
unidirectio
as follows
C/SiC co
componen
interfaces 
porous fib
 

Fig. 1 

 
In the pre
model the
layers of 

                       

AU, Majlesi Br

ODUCTION 

matrix compos
es exhibit attr

application [
ered interphas
re often ge
g to room te

of the coef
tween the con

The distribution
rations in the 
t influence on

of CMCs. To 
al performanc
nd design the
es for an optim
t seemed very 
with multi-lay
nalysis was co
rticle Swarm 
Radius PSO [2

TE ELEMENT M

rication pro
onal C/SiC co
s. The architec
omposites con
nts of the m

and SiC ma
ber preforms ac

Transverse cros
C/Si

esent study, s
e 1-D unidirec
f interfaces a

       Int  J   A

ranch

sites (CMCs) w
ractive proper
[1]. However
ses, thermal 
enerated upon
emperatures d
fficients of th
nstituents (fibe
n of TRS, resu

matrix and i
n the mechan

achieve an e
ce of CMCs, 
e thickness of 
mized TRS di
interesting to m
yered interpha
oupled to a new
Optimization 

2].  

MODEL 

cess of th
omposites is b
ctures of the 1
nsist of arran
multi-layer a
atrix are infil
ccording to the

ss-section of the
iC composites 

square fiber a
ctional C/SiC 
and one laye

Advanced Desig

with multi-lay
rties for therm
r, in CMCs w

residual stre
n cooling f
due to exten
hermal expan
er, interphase 

ulting in the cr
interphases, h

nical behavior 
excellent therm
it is necessar
the multi-lay

istribution. In 
minimize the T

ases. Thus, a f
w original ver
(PSO), the B

he studied 
briefly introdu
1-D unidirecti
nged fibers. 
lternate PyC/
ltrated within 
e CVI process

e 1-D unidirectio

arrays are use
composites. F

er of matrix 

ign and Manuf

yered 
mal-
with 

esses 
from 
nsive 
nsion 

and 
acks 
as a 
and 

mal-
ry to 
yered 

this 
TRS 

finite 
rsion 

BSG-

1-D 
uced 
ional 
The 
/SiC 

the 
.  

 
onal 

ed to 
Four 

are 

dis
tra
co
ha
 

 

 

 
Th
use
tic

fφ
int
Th
the
of 
Fig
an
Th
pla
bo

ufacturing Tec

stributed arou
ansverse cross-
mposites. In th

ave been assum

Fig. 2 RVC

he RVC mode
ed in the prese

c geometric pa
f is fiber diam
terface layers; 
he RVC mode
ermal-structura

f ANSYS finit
gure 2.b. The 

nd 3986, respec
he model is ass
astic deform

oundary condit

• Nodes 
move b
way to
adjacen

chnology, Vol.

und the fibe
-section of the
he longitudina

med to be paral

(a) Geometri

(b) Finite elem

C model of the 1
composi

el of composite
ent finite elem
arameters of th
meter; ݀ଵ~݀ସ

md is the thic
l is meshed u
alcoupled elem
te element sof
number of ele

ctively. 
sumed as a pe
ation. The 
tions are given

on the bound
but have to re
o preserve 

nt RVC models

 7/ No. 2/ Jun

ers. Fig. 1
e 1-D unidirect
al direction, th
llel and of equ

ic model 

ment model 

1-D unidirection
ites 

es (as seen in
ment analysis. 
he RVC mode
ସare thicknes

ckness of the m
sing the 3D tw

ment package (
ftware [3], as 
ements and no

erfect elastic b
structural an

n as follows: 

dary surfaces 
emain planar i

the compatib
s. 

ne– 2014 

shows the 
tional C/SiC 
he fiber axes 
ual lengths. 

nal C/SiC 

n Fig. 2.a) is 
Character is 

el are given: 
sses of the 
matrix layer. 
wenty-node, 
(SOLID 96) 
depicted in 

odes is 3840 

ody without 
nd thermal 

are free to 
in a parallel 
bility with 



Int  J   Advanced Design and Manufacturing Technology, Vol. 7/ No. 2/ June - 2014  23 
  

© 2014 IAU, Majlesi Branch  
 

• The initial stresses of all nodes are assumed as 
zero at the sintering temperature, and TRS 
generated in the subsequentcooling process. 

• The model is assumed to cool from sintering 
temperature to room temperature, with a 
uniform temperature field. In practice, 
temperature of the model is decreased, and 
ANSYS finite element software is used to 
calculate the TRS in the model. 

 
The primary objective is the optimization of TRS 
distribution in the multi-layered interphases and matrix 
from the viewpoints of the deposition thickness of each 
interphase layer. The diameter of the SiCfiber is 10 mμ  
and the thickness of the SiC matrix is 2 mμ . The upper 
bound of each interphase layer thickness is 0.6 mμ . In 
practice, the thicknesses of multi-layered interphases 
are usually limited to 0.1 mμ  or more for oxidation 
resistance considerations and reduction of the 
complexity of the CVI fabrication process. Therefore, 
in the present study the lower bound for each 
interphase layer thickness is set to 0.3 mμ . Material 
properties of the constituents are given in Table 1. 

3 OPTIMIZATION PROCESS OF THERMAL 
RESIDUAL STRESSES 

The optimization problems presented in the present 
study include the following 3 cases: 

1. Minimization of the maximum hoop TRS 
within the interphases and matrix 

2. Minimization of the maximum radial TRS 
within the interphases and matrix 

3. Minimization of the maximum axial TRS 
within the interphases and matrix 

From a mathematical point of view, this problem can 
be formulated as: 

 

ሺ ௢ܲ௣ሻ ቐ
݉݅݊ ݂ሺܺሻ

ܺ ݁ݎ݄݁ݓ  ൌ ሺ݀ଵ, ݀ଶ, ݀ଷ, ݀ସሻ
൑ 0.3   ݄ݐ݅ݓ ݀௜ ൑ 0.6

 

 
In this expression, f(X) is the objective function i.e., the 
maximum residual axial, radial or hoop thermal stress 
within the interfaces and matrix. The vector X is the 
vector defining the design variables: the thicknesses of 
the interfaces. There are constraints concerning the 
upper and lower bounds of each interfaces as specified 
in section 2.  
In this problem, the evaluation of the objective function 
for the given values of the design variables requires a 
finite element analysis. So, the optimization technique 
was linked to the finite element model introduced in 
section 2. This optimization process is shown in Fig. 3. 
To solve this complex nonlinear optimization problem, 
a meta-heuristics approach is adopted. The power of 
meta-heuristics comes from the fact that they are robust 
and can deal successfully with a wide range of problem 
areas, and especially in structural optimization. 
 

Fig. 3 Optimization process 
 

 

Table 1 Properties of the constituents 

Constituent E11(GPa) E33(GPa) G12(GPa) G23(GPa) ν12 ν23 α11(10-6/ ºC) α33(10-6/ºC) 

SiCfibre 200 200 80 80 0.12 0.12 3 3

PyC 
interphase 

12 30 4.3 2 0.4 0.12 28 2 

SiC 
interphase 

350 350  145.8 145.8 0.2 0.2 4.6 4.6 

SiC matrix 
 

350 350 145.8 145.8 0.2 0.2 4.6 4.6 
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In this work, an original improvement of particle 
swarm optimization was used. Indeed, in the past, this 
problem was already solved with a classical PSO 
algorithm in ref [4], where the CPU time has been 
noticed to be an important issue. In this context, the 
evaluation of the cost function for the given values of 
the design variables requires a finite element analysis. 
This work can be very time consuming from CPU point 
of view, especially when the finite element models are 
large and have a considerable number of design 
parameters. This improvement can drastically reduce 
the CPU time by avoiding needless iterations: BSG-
Starcraft Radius PSO. However, a comprehensive 
description of this algorithm can be found in ref [5]. 

 
Table 2 Objective functions and design variables 

 Case 1 Case 2 Case 3

TRS (GPa) 0.22 -0.068 0.12

0.6 0.6 0.6

0.6 0.5 0.6

0.3 0.6 0.3

dସ (µmሻ 0.6 0.3 0.3

4 RESULTS AND DISCUSSIONS  

The final optimized interphases thicknesses and the 
value of the objective functions are listed in table 2. 
The maximum hoop TRS has been decreased to 
0.22 GPa by means of handling the interphases 
thickness. It can be observed that the thicknesses of the 
first, second and last layer of interface increases 
steadily up to their upper bounds, while the thickness of 
the third layer of interface decreases dramatically to its 
lower bound. The maximum radial TRS has been 
decreased to -0.068 GPa, where the maximum axial 
TRS has been decreased to 0.12 GPa.  

5 CONCLUSION 

In this paper, a finite element model of RVC for 1-D 
unidirectional C/SiC composites with multi-layer 
interfaces is firstly generated and finite element 
analysis is realized to determine the TRS distributions. 
Then, an optimization scheme which combines a new 
PSO algorithm with the finite element analysis is used 
to reduce the TRS in the C/SiC composites by 
designing the multi-layer interfaces thicknesses.   
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