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Structural Optimization for Inprovement of Thermal Conductivity of

Woven Fabric Composites

Myungsoo Kim*’, Dae Han Sung**, Young-Bin Park**', Kiwon Park***

ABSTRACT: This research presents studies on an improved method to predict the thermal conductivity of woven
fabric composites, the effects of geometric structures of woven fabric composites on thermal conductivity, and
structural optimization to improve the thermal conductivity using a genetic algorithm. The geometric structures of
woven fabric composites were constructed numerically using the information generated on waviness, thickness, and
width of fill and warp tows. Thermal conductivities of the composites were obtained using a thermal-electrical
analogy. In the genetic algorithm, the chromosome string consisted of thickness and width of the fill and warp tows,
and the objective function was the maximum thermal conductivity of woven fabric composites. The results confirmed
that an improved method to predict the thermal conductivity was built successfully, and the inter-tow gap effect on
the composite’s thermal conductivity was analyzed suggesting that thermal conductivity of woven fabric composites
was reduced as the gap between tows increased. For structural design, optimized structures for improving the thermal
conductivity were analyzed and proposed. Generally, axial thermal conductivity of the fiber tow contributed more to
thermal conductivity of woven fabric composites than transverse thermal conductivity of the tows.
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Table 1.Six Cases of thermal conductivity of woven fabric
composites (TC: thermal conductivity)

Symbol The direction of TC
IP; TC in fill tow direction (x, axis), (one direction)
IP,, TC in warp tow direction (x, axis), (one direction)
OP TC in out-of-plane direction, (one direction)

IPg, TC in fill and warp direction, (two directions)

IP-OP | TCin fill and out-of-plane direction, (two directions)

TC in fill, warp and out-of-plane direction, (three direc-

IP. -OP
fw tions)
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Table 2. Initial thermal conductivity with random variables

Initial thermal conductivity (W/m-k)
Case 1 Case 2
1P, 0.4707 £ 0.0126 0.5025 + 0.0139
1P, 0.4681 + 0.0194 0.5014 + 0.0172
OoP 0.3718 £ 0.0044 0.3596 + 0.0062
IP;, 0.8876 + 0.0075 0.9046 + 0.0010
1P-OP 0.8235 £ 0.0148 0.8473 £ 0.0182
IP;,-OP 1.2354 + 0.0054 1.2518 £ 0.0010

A4 7HA 8] A= Lol 22t M=o HAEE AR
t}. Table 19] FAJof|A] TP} OP+= Z}+Z} in-planed} out-of-
plane WER AL, fo} wi= 212} fill} warp oJu|gich.
A gneEE ol &3 22 A A oA A<
AA| AEoe) v 042 7Hgsksict

Table 2= Case 13} 29] A3} 1174 o] A9 7] A
w2 e 44 239 97 A2l w4 (D (109
Al dgstzol 2710 & 7He FMA EAE S ]85t
o] AAsElaL, 243}t S 103] HHESFGITh Table 29
e 27] 4 N FAA EAES ol-8ste] B 4
AEES AN 5 AAEES} AL 58 AL Aoeia of
£ 10 3] BHE3E & dojxl dHEw9| Fotu 5 HALE
et A9l oA 7] Zizte] A9o nje AER o -
shich A8 8 E=9-0) vl e} £ 9] SR (random
number) =2 APAJE 27| ghsolet & 9Jn|7t §lo] 7]&sHA|

AT A YAIEE olgolol HAAHT AT Table
33} 40] Lheht it

Case 12] A A3}7} Table 39] 9)=1|, Table 22} H]| 13}
= o e 4TS molETh B o] 4 ATeBe
o185 Aol N WS A9 Aol WA ghurhs o] 7
oz £HsH= A9r) Wkt I8 22 filly} warp B9
of Yuje} 9] Zkzte] s3)0] dat AAlE B R
AA 2 Q1 A oFe A8k A o] viet2g Ao 2 o AX
o} 07| A A AT AR Wk e Al R E

=
~— T ©°
AEE Fge] A9-E 2429 diueg P9 o 9
A AHEES Yot P4

N

=
=
oA AL(A & =] IP-OP
O A AA GHEE = fill e dA=E + FAYT &
AEL), 1 ezl dHEEE FdA7|= R 218
Shlch o] = Qlsf &+ W ol o= S
FO dHETT e st e F Y] GHEERET A
A GAEES o o B2 = vA 7 Uk
Fill 2§ Wk (x, )] AL (1P, 0.5063 + 0.0015)0]| 4
= fill E9= T3 warp B9+ ¢F2 S H &It (Table
3). o] = fill B & W dH e E A7 B
2, fill B9 dH=r7F B3 o] AR A Q dA=re g
ol 2A| G v EE Yehb= d4fe]th Warp B9
= ALY pAolunR EATE AR gFe Z o]
AA GAEE ol 719 & oh= A o2 YEiTh B
o] Yulof thsfjA= warp ES-7} Bla A =31 Fill =99
YHl= AL (0.5 mm~2.5 mm)2] 7 ZF A= (1.56 mm)
= UEbEtth Warp B-2] YH|7} Goh 212 A4 o= fill

Table 3. Optimized structures and thermal conductivities for Case 1

Thermal conductivit
h, h, a, ay (W/m-k) Y
1P, 0.52 £ 0.021 2.37 £0.095 2.37+£0.119 1.56 £ 0.578 0.5063 £ 0.0015
1P, 2.40 £0.070 0.53 £0.018 1.61 £ 0.662 2.38£0.110 0.5053 £ 0.0018
OP 2.31 £ 0.205 2.34 £ 0.090 0.58 £ 0.074 0.63 £ 0.169 0.3867 £ 0.0016
1P, 0.52 £ 0.018 0.54 £ 0.036 2.42 +0.075 237 £0.122 0.9158 + 0.0008
1P-OP 0.53 £0.027 2.35+£0.152 2.22 +0.168 0.92 + 0.454 0.8611 £ 0.0032
1P, -OP 0.56 + 0.040 0.55 £ 0.031 2.18 £ 0.159 2.13+£0.156 1.2585 £ 0.0013
Table 4. Optimized structures and thermal conductivities for Case 2
Thermal conductivit
b, By & % (W/m-k) ’
1P, 0.11 £ 0.016 0.89 £ 0.016 1.87 £ 0.650 1.13 £ 0.650 0.5198 = 0.0027
1P, 0.89 £ 0.011 0.11 £0.011 1.03 £ 0.518 1.97 £0.518 0.5201 + 0.0011
opP 0.51 £0.284 0.48 £0.284 1.51 £ 1.446 1.49 + 1.446 0.3732 + 0.0054
1P, 0.33 £ 0.301 0.67 £ 0.301 1.30 + 0.449 1.70 £ 0.449 0.9089 + 0.0004
IP-OP 0.12 £ 0.015 0.88 £ 0.015 2.31 £ 0.698 0.69 + 0.698 0.8720 + 0.0022
IP;,-OP 0.57 £ 0.384 0.43 £0.384 1.58 + 0.405 1.42 + 0.405 1.2595 + 0.0013




Structural Optimization for Improvement of Thermal Conductivity of Woven Fabric Composites 33

£97} Atk ol 1 (Fig. 2 F), fil £9-2] ul7h warp
wrh Arhe 21 warp £50] Zol7} fill £ wr} Frh
= ojulolc}. o] w5t fill £} fill W AAwE] o
< wo] v]Xi RolA Lehks BAROR o AR tht
il £9 Vulo] 2R} Ak H 3 U] gL B
o] Arhz & gekstolof & Zlolth

Warp £ WaH(x, %)0] QHEES PAA7)= (P,)
= warp £99 FA7F £AL A0R Lebelth S
AR (O, x, %) T4 A9 fillsh warp £§ 55 5
7e Ao] AUEE o] w@o] B, Luliz 2 Aol
SAgae] AHEE i) Ego] Bl Ao thehy

[e]
o
= fill B9 ko A7 = A2t FASHA Urebst
ok ohet fill E9-0] UH|ZL 2 AA el FA W
9] Z-(OP) HH|7} 22 Alo] AT gite] E-go] &
= A fAReE F4F0 2 of AXITY. Fill, warp 3t 74| B
Il ®F(IP,,-OP)e] BHEE 4ol 9= filla} warpe]
T ek g fARRE -2 e, o] in-plane &
Arw7l 7 e dAEEE; 74 dA) Aol o @
< G vA= AolA 7]Q1E Ao r Azt
Case 29] 171 A Ayt Case 19] Aukel AT A4
< B YTH(Table 4 ). WA fill o (x, )22 AZ4F
EFA ] S92 (unit cell)o] A= ] H-9-(1Py)
fill E9= F77F £ 1 YH|= warp E9-E ) 2HA] e}
sttt o] Case 19] IP2] o] 282 4= glch. Fill E§-
ol A & H==r EA 9 fill W dHdEro|
7 G vARR fill B0 FAVE =L AA e
ok Warp B9 W3 (x, &) 9X=E 4] F¢-P )=
fill oF G- e o] Aupel vt d4-S Btk &
warp BE9-7} F4A] 4A vepstth T Bk, )9 A
45 5849 EAEE(0P)A = ZF E9-2] FA1L Y
H|7F #9& olF= A ® UEyT Fillgh warpe] &+ v
F A g FAlof A1 7 $-(1Pg,) Case 17}+= T}
Jolgt A7} LrelyTh. Case 104 = = E9-2] F7
1 UHE 37 YeRGEA] T Case 20]| A= warp B9
ZA 1L fill E9= TP Ve 342 B4
7} B9-0] A2} YH|7E F4220 TA ol 9lof o]
o] et Ao HTh(4] (24)-(27) F=x). 1P
= fill Wkt T W dAEEE FAlol ¥
L= Case 19] Z9-0F FAFsHA fill E9-9] =
Yul= 27| 18 al warp B9 WA =

bt

o2l
0 #o o,

e R

O m Qo b
> 1o
e
irgs

N ox
fr

41y
¥ rlr
oy

FA= ¢Fal Yul= 2A eyt Fill, warp}t A
o] AAEEE FA|of GFAMAZ A (IP,,-OP)% Case 17}
At HA A 02 FHL o)L Z fills} warp B
of 7o} vulzk A2 HlsetA et

4. @8 2

B AFAE 4EAG B0 ddEES
}_
1]

ot o
rE
o
2
>~ [
ol
pach
ko

L

ot g AkRE, A E

E$7+9] 712 (inter-tow gap)o] Al=4-3-2 al
I dee ATstale obgdl £ WelFS AHgS
AHEE FAS 93t 72 2 st AT

Afo] Fojuprt S7rdes dAERRE S71ekl=E,

in-plane @A =7} out-of-plane @A == B} IA F7}

she A02 Uehdth. £9710) 148 AW 48 A4

Ni

£

o
8 T2 A Gl AE o4l K9] AR el &
N AN T, 242 Ao AAT ATE £ Sk
A7) A
e

s 7

o] =2 2016 HR(n] g2 upshE) o] Ao R
AT APE e N2 AFAN(IAH S
2016R1C1B1011533)3} 20166 At ek mujdTLn]& &=
Sy Ao, Aol gl Mo R FHA} =gyt

REFERENCES

1. Villiere, M., Lecointe, D., Sobotka, V., Boyard, N., and
Delaunay, D., “Experimental Determination and Modeling of
Thermal Conductivity Tensor of Carbon/epoxy Composite,”
Composites: Part A, Vol. 46, 2013, pp. 60-68.

2. Dasgupta, A., and Agarwal, RK., “Orthotropic Thermal Con-
ductivity of Plain-Weave Fabric Composites Using a Homoge-
nization Technique;” Journal of Composite Materials, Vol. 26,
No. 18, 1992, pp. 2736-2758.

3. Dasgupta, A., Agarwal, RK., and Bhandarkar, S.M., “Three-
Dimensional Modeling of Woven-Fabric Composites for Effec-
tive Thermo-Mechanical and Thermal Properties,” Composites
Science and Technology, Vol. 56, 1996, pp. 209-223.

4. Ning, Q.G., and Chou, T.W.,, “Closed-form Solutions of the In-
plane Effective Thermal Conductivities of Woven-Fabric Com-
posites,” Composites Science and Technology, Vol. 55, 1995,
pp- 41-48.

5. Ning, Q.G., and Chou, T.W,, “A General Analytical Model for
Predicting the Transverse Effective Thermal Conductivities of
Woven Fabric Composites,” Composites Part A, Vol. 294, 1998,



34

Myungsoo Kim, Dae Han Sung, Young-Bin Park, Kiwon Park

10.

pp. 315-322.

. Seo, B.H., Cho, YJ., Youn J.R., Chung, K., Kang, T.J., and Park,

J.K., “Model for Thermal Conductivities in Spun Yarn Carbon
Fabric Composites;,” Polymer Composites, 2005, pp. 791-798.

. Goldberg, D.E., Genetic Algorithms in Search, Optimization &

Machine Learning, Addison Wesley Pub. Co., Reading, Massa-
chusetts, USA, 1989.

. Le-Manh, T., and Lee, J., “Stacking Sequence Optimization for

maximum strengths of laminated composite plates using

2

genetic algorithm and isogeometric analysis,” Composite Struc-
tures, Vol. 116, 2014, pp 357-363.

. Kim, D.H., and Lee, I, “Static Aeroelastic Optimization of a

Composite Using Genetic Algorithm,” Journal of the Korean
Society for Composite Materials, Vol. 13, No 2, 2000, pp. 61-71.
Moon, C.J, Kweon, J.H., and Choi, ].H., “Optimal Design of Fil-
ament Wound Composite Cylinders under External Hydro-

11.

12.

13.

14.

static Pressure using a Micro-Genetic Algorithm,” Journal of the
Korean Society for Composite Materials, Vol. 23, No. 4, 2010,
pp- 14-20.

Scida, D., Aoura, Z., Benzeggagh, M.L., and Bocherens, E.,
“Prediction of the Elastic Behaviour of Hybrid and Non-hybrid
Woven Composites,” Composites Science and Technology, Vol.
57, 1997, pp. 1727-1740.

Scida, D., Aboura, Z., Benzeggagh, M.L., and Bocherens, E., ‘A
Micromechanics Model for 3D Elasticity and Failure of Woven-
fibre Composite Materials,” Composites Science and Technology,
Vol. 59, 1999, pp. 505-517.

Kim, M., and Song, J.I., “Geometry Effect on Mechnical Prop-
erties of Woven Fabric Composites,” Journal of Central South
University of Technology, Vol. 18, 2011, pp. 1985-1993.
Barbero, E.J., Introduction to Composite Materials Design, Tay-
lor & Francis Group, New York, NY, USA, 1999.



