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Modeling and Simulation of Heat Transfer in Thermoplastic Composite

Tow-Placement Process

Li Zhimeng Yang Tao Du Yu Dai Weirong
(School of Mechanical and Electronic Engineering, Tianjin Polytechnic University, Tianjin  300387)

Abstract A model of two-dimensional temperature distribution in thermoplastic tow-placement process was es-
tablished and the effect of the speed and temperature of the hot gas on the process was studied. As the speed of the hot
air increased from 650 m/s to 800 m/s, convective heat transfer coefficient increased 150. Simulation for transient
heat conduction throughout the placement process was made by ANSYS, which studied the distribution and changes
with time of the composite component in the temperature field throughout the placement process. According to the com-
parison of changes of temperature field with time during placement at the speed of 40 mm/s and 20 mm/s, respective-
ly,it is proved that the slower of the speed,the higher of the temperature peak at the nip-point. As the speed de-
creased to 20 mm/s, the temperature peak increased over 355°C , which was the composite processing temperature.
Therefore, the speed at this condition should be lower than 20 mm/s theoretically. Correctness of the mathematical
model of the temperature field is proved by comparison.
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Fig.1 Schematic diagram of carbon fiber prepreg wire placement
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Tab.1 Thermal conductivity and heat capacity of APC2

t/°C k(x)/W-(m?*-K)™" k(y)/W-(m?-K)™"  C/W-(m*-K)™!
0 0.6 6 800
60 0.65 6.5 908
120 0.7 7 1016
180 0.75 7.5 1124
240 0.8 8 1232
300 0.85 8.5 1340
360 0.9 9 2080
390 0.95 9.25 1660
420 0.9 9.5 1663
480 0.9 10 1664

AR R R A LM bl T i B AR Kk
R SRR DA T 5 21 Y Al 22 | JHL il B8 A A
o FERRE AR (B 1) PR R B it 0 5]
A DX B R AP B X L 7 5 ) 32 R
BUAE A X fEXH L S, SRR AR R A (1T
FnRdn(3) A",

h:LﬁNu (3)

A LSS Nu 58 R E A K5
PRI M 00 55 98 A M (4) X
5

Nu =0.228Re" "' Pr'” (4)
K,
L
Re = UVC (5)

o BRI R SRR & Pr F v thil

SURTHE T,=" =i AR R T
SRnpbE A B, T, IS%RE T, %Y,
T.,=T, +0.5(T, -T,) +0.22(T. -T_) (6)
AP, T ARG, T, & TR, T, 2k
SR, 1 BRI EETE 400 ~ 850°C | VA
HEN 650 F1800 m/s B YR IAL M REILE 2,
xR2 BEHRKTHTT APC2 HREGHRRE
Tab.2 Coefficient of thermal conductivity at surface of
APC2 under high speed hot gas

W (K
o FERER/W - (m? -K)

650m/s 800m/s
400 953.4 1109.8
450 950.5 1106.4
500 947.2 1102.5
550 942.5 1097.1
600 940.8 1094.2
650 936.0 1089.5
700 933.2 1086.2
750 928.1 1080.2
800 925.4 1076.7
850 922.3 1073.2
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Tab.3 Coefficient of thermal conductivity at surface of
APC2 under hot gas

t/°C h/We(m?-K)™"" h/W-(m?-K)™" hy/W-(m?-K)!

0 0 12.32 12.32
50 8.12e-3 12.51 12.51
100 0.05 12.84 12.89
150 0.15 12.57 12.72
200 0.35 12.36 12.71
250 0.68 12.05 12.73
300 1.16 11.77 12.93
350 1.82 11.50 13.32
400 2.69 11.25 13.94
450 3.81 10.95 14.76

1.3 EEHHEITE

BWIR Bl AR AR AR T, =800°C,
PSSR 0 =650 m/s, FHZIERE 6=0. 15 mm, fli/Z
KBE L=400 mm B, S5HEL LA 40 mm/s (3 RIEF 740
6 YRR A3 A R EHE AN 2 TR

50 52 54 56 58 60
ils

K2 55 6 UCHN £5 =R R At
Fig.2 Temperature changes at sixth placement
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Fig.3 Temperature field model partition in thermoplastic
prepreg wire placement process
X G AR A BROT AT & T B S 3 A Tl AL
FHIBEI T2, http://www. yhelgy. com 2012 4F %5 3 ]



XA IO AR B AR TR T ARk, Bk
YV %0 PLANESS ST if 7oK, HRGS #E i
PRI Aar S MBI R Hp s S 1 I 7 ANSYS o
J& F X ERAT Ak A2 Sl R B R A 7S
R BRI A AT R AR 7 5 10 mm,
HRAE R 2 72 Az 3] oy BRI el DX g R0 I 2K
T BRI R R 940 W/ (m?-K) |, IR EE N 800°C ;
32 B A e B DXk, B A s DAAIMY X,
Jite I P A A AR e P X IR A AR B 13 W/ (m® -
K) &R 25C
2.3 ARTHEERSW

PRSI R — BRI — 10 i TE SR Al il
ISR R T R AR (] A AR R LA, 1 SR Tk
P40 mm/s PRI PRI, 61575 OB TR 374
1k, ZRAS P AR/ N IR , A AR A TR T
- TF 2 e a5 B R PG 1, 5 SEBRA RS O
AT, 4 ZEM RS T4 6 Ui 45 2 TR s 1k i
2 IREIE(E N 280°C L L FHASIRITE 52 ~54 s, B
R AT IR R W1y 285°C , IR EE b THIt Al 7E 52 ~
54 s UFPAICEARRLZIERATY

300 ——— —

260

220

0/C

180

140

100

50 53 56 59 62 65

380

344

308

236

200

98 101.2 104.4 107.6 110.8 114
t/s
(b) 20 mm/s

F 4 HHGER N 40 120 mm/s B &AM 19715
AR RE BN ) Y 22 A pth 2
Fig.4 Junction temperature changes of every placement layer at

placement speed of 40 and 20 mm/s
2.4 FHRLKTE B0 IR E 7 B R0
BBk #o sh AR R 2 20 mm/s, BB BT
A 4G R 2% SRR AL R AR 2 (P 4) o 244
FHIBEI T2, http://www. yhelgy. com 2012 4F %5 3 3]

Tk B 3 R A 2 20 mm/s 7, R EE (B 280 I
THE 355°C, H LTIl R I9 2 s B 3 s, 22
TER LA B, STk A% gl 3 A, Y it B I
AN IRFEGFFTE T, LA SRR 7ERG S # b, m]
DR 3 IR VR iR 2T 24 52 45 4 Rk 5 T e 1 A 8] 8 i
KM p AR Dl i 245 20 S AR
3 #ig

WRAE AL T B P T G ST T R 4E R
ARV 2230 A b TR 5 o A RO AR R
BN F2 2% P81 B R PR A R R
PR TR BE S RS, Y PR 650 T
2 800 m/s [, APC2 By X i A& 4 AR B Jn 150 W/
(m*-K) . BATHAF R, APC2 1% A5 T4 R 2
Pt JE2 T+ e e I o R ANSYS X AN s A
HEATO B I G B0 UE T I 3 B AR ) T
Mo S8 X K 4350 LA 40 120 mm/s EA T ACET
T 7 Bt ) 18] 22 A 1) P, ] R4 8k % Bl 3 8
18, A AL AT R I (EDB g YT K A B R
WEZ 20 mm/s DUR, B a2 I (i T 2= 355°C LU
B HEAZ SRR RS . DRSBTS A
kA B A LERITE 20 mm/s LA

BE3H

[1] Shih Pojen. On-line consolidation of thermoplastic com-
posites| J]. Engineering Science and Mechanics, 1997 (2) :112-
145

[2] Tumkor S, Turkmen N, Chassapis C. Modeling of heat
transfer in thermoplastic composite tape lay-up manufacturing[ J ].
Heat Mass Transfer,2001,28(1) :49-58,52-56

[3] Guan X, Pitchumani R. Modeling of spherulitic crystalliza-
tion in thermoplastic tow-placement process: heat transfer analysis
[J]. Composites Science and Technology,2004,64 :1123-1134

[4] Noha Hassan,Thompson J E,Batra R C. A heat transfer a-
nalysis of the fiber placement composite manufacturing process|[ J ].
Journal of Reinforced Plastics and Composites 2005 ,24 :871-876

[5] WRW, 8085 LA R 22 AL R[], AT
Z3 G AR 2010, (17) :46-48

(6] MI2RFe, B %4, 2 5. Z A AR A Sl AR BF 5
(1) AR 1™ 45 HE 07 B 500 (D], A0 B0 T2,
2007,37(1) .40-42

(7] &K%, 25 RigHr. 2P0k A Shilin SRS
(3)——F M4t CAD/CAM BAFIF & [T]. FALM B T2,
2007,37(1) .47-50

[8] # Em. ARE] M. Jbat: AL HTH s i K R it
#t,2001:58-70

197 btttk 4 LR M. J 5, 255 Hh AL
2003:12,34-42

[10] # % /K (Cengel. Y. A. ). W HFIT (). 1B 32
Heat transfer:a practical approach ( Second edition) [ M]. Jb 5T,
SRR 2007 :6,105-120

(fmig R
— 23—



	2012年第3期大样

