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In-Plane Thermal Conduction of Woven Carbon Fiber Reinforced Polymers
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Abstract Infrared thermography is introduced to measure the in-plane thermal conduction of woven carbon fiber
reinforced polymers (CFRP). According to the principle of modulated laser heating, the relationship between the in-
plane thermal diffusivity and the phase gradient is deduced, and the experiment platform is established to test the
CFRP samples. Glassy carbon is used as the reference material, and the measured infrared radiation signal is
normalized. The Gaussian filtering is applied to removing the noise of infrared thermal images. The experiment
results show that the in-plane thermal conduction in various directions is related to the conduction direction owing to
the anisotropy of CFRP. When the modulated {requency is lower than 2 Hz, the in-plane thermal diffusivity of
samples in each direction can be measured.

Key words materials; infrared thermography; woven carbon fiber reinforced polymers; thermal conduction;
anisotropy; thermal diffusivity

OCIS codes 160.1190; 160.2290; 140.3070

1 5l E

TR 2T 454 45 R CCFRP) 2 — R 25 VERE S5 Ha b R) , ELAT 903 5 L 7 e U I R BN 38 0 02
BT B P 2 0 4008k, T 7 2 K TR, 2 4 = U T SR ACTS T Cedbil (5 1A T
B4 HM 1984 TR E AL TS TR M T BREF4E /3R A MR L CFRP 76 % [ TR i K 78 i3
B KA RIS PE L AR T2 BT, CFRD 2 L RE IS 55 e S 5 1 L 5 £F 2 55 260 250400 Ay 38 9 1Ak ) 46 T
B LF A 4S5 K R CERP BBV 0 T 5 2 22— L4 1 b SR RE A0 77 T 1 I e 2
HORTA® RIS b 35 B B4 5 0 X CFRD B0 1 7 45 1 LA 7 00 3L

ST AR % (IR JE 300K 05 R B 6 5% 6 497 k22 0 159 21 U 8000 5 035 0 0 2 £ 52 A 0T 480 1 450 40 2
B RO 0 B B R BOR A B R B0 13 8 L I B AR B 78 2 T 0028 4 L 4 BRI G IO I 7 2

Wi BH: 2016-03-31; WRMEM A H . 2016-04-29

HELWH: EEARPEES(51205255)  F F AL #3181 (2015BAK16B04)

TEEE N ZBUE 972 5 b B 202, 2R BRI 5 0 A F5Y . E-mail: weqsd@163.com
* BISBK B Ao E-mail: shinorway@163.com

0703004-1



H # ot

SETCHURR I o S& [ 2 T IR S ORI AR B 00 R 23 45 22 i 8 ) 7 4% S R 0D 5 IR 4% 11O
JE& T XoF A SRy v R R Sy ST A ST AR 8 7 A0 A N R B S A PN I IR B A A
ARICH L AMABAR B A X i 21 CFRP I FHEA T AL S LS 90 BT 5 o K DI 0 080 ) 85l 40 i 0 4 o 7
0.1~100 Hz, SEEZREN]PAE CERP -1 A Y G B 55 2 4E R i 2007 [l A 38 D) R 2 7B A F Tl Y
LA IR AR AR AR . OB IR /NT 2 He BF L 0T AR CFRP 45-F If J7 ) - AP i R 5.

2 OGN B 5t
UOGIR A BB SR B RL R T I A RL R T 2 7 A TREE S A3 A o BV 2w FLJRE BE Ty ] i AR B, LB
JEHRAH Y 2 T T 1) R A 3 IR X Y TR T oo BB 5 PAREE B o YL 3 AR Ak L AT SRR St
Tac =ToexpliQnft —lx —n/4) — lx ]z, (D
b Ty E G £ RE IR SO R R
TP AL RE N T A 1 7 SR I AR P, FA% 78 B 25 5 ) ) 3 A G, TR
p=xa/nf =1", (2)
b ARG B o HIY AR BIEIEL
PEFTIAE — S AR 0 S5 IAIRIE RS « U LE, i 3RR

0=—I1x—mn/4, (3)
AR (2 XA 2, AR B R « RRN
do/de =—/nf/a . €Y)
FEFRARS N, LLAME S AR 5 2 = 0 o A, LT 181 P4 40 A1 R ECH
. 0 nax xr—xy)\°
=gz =[] ]

w, =X, — X, e \

S 0, LIPS 5 B MR o, MR TIERE . X, A X, o AR A A A 0 155 5 1
e Pl v/ b X 5 1o B A

BTV O, Tt co, 0TS0 TR 95— UK 259002 900 2SR 44 G 6 1 90 6 2 05 9 5 A A 7
BRI d0/de ARA CO RN B IR B o

3 56
3.1 Zmwel
S8 T AT CERP X4 B 20 J2 1 80 g 2Rk £F 4k Tt oV iy il Hom IR A 1 s, & P AT T4 2
() 77 18] R B 1] CO°) , AT F AL A J7 8] 9N (90°) LW 72 B AEAT N J7 al g X M L7 101 (45°) . T & A LA
22 R AR AL M (1357 . R 44 CFRP By HARSE#, BEHL CFRP /4 = A F1 B P54~ i 1758
58, 3 P A ACER AL TGN ) £ 2 SRR 1) £F 28 5 09 28 a5 rfl s IKOBITE T A sSUAL BRI 5 2F 4 5% — )2 B 1) 2R
45° 90° 135°

K1 2R e Bkl R 25 R B

Fig. 1 Structure of fiber preform
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Fig. 3 Infrared radiation phase images. (a) Three-dimensional image; (b) gray image

4.1 AT HEHLAFMEHNXR

S3AT CERP IR A s A B 1) #4780, 21 A0 5 S0 A A2 A5 -5 76 AS [R1O6 981 30028 T (9 40 A dn e 4 BFR .
NP ] LUFE Y AN [R]85 238 T 0 A A7 A 8 R A5 250 v 30T i BE AN [, v AAUIR AT By AR A AR BE I B OR T
AR AR ATUIR 257 9 25 2500 30 9 B2 ) R T s RS
42 AT HEERSHFENXER

K5 FroR 2l CERP IRAE A s A TEAS [R1EOG U] i 35 256 B9 A0 07 55 = 42 18, N m] LU o F4 5 I3 1o AR
Wi 2 ] 0 23 1 1 A0 T ) 2 B TR W B R R A A . X T CFRP J2 8 AL 9 25 ] = PR A1 RL, 49T
PR EE o WG PRI £ 380 9870 o DAL O A [0 458 1o 2 1 g o0 SR Bt 25 8] o) 000 238 1 335 Jm i 38 I, AR 7 46 v 2k
W 3B BT 13 A B b i [] 0 B

0703004-3



360

330}

Phase /(°)
[\V] [\ [\ (V¥
— > 3 (=3
(=] f=] f==] (=]

180 L
-20 -10 0 10 20
Heating position /pixel

P4 A [ 38 1 0T B9 AR 3 2 A

Fig. 4 Phase distribution under different modulation frequency
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Fig. 6 Phase distribution in four directions
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Fig. 7 Thermal diffusivity versus scanning {requency
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Table 1  Thermal diffusivity in four directions
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