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Fig. 1  Structure diagram of the wedge-shaped

zone in the impregnation mold
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Fig.2  Velocity distribution diagram of the drag flow
lubrication gap in the wedge-shaped zone

and its simplified diagram
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Fig.3  Velocity distribution diagram of the lubrication gap
and its simplified diagram under the action of

wedge zone pressure
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Fig.4 Process flow chart of the melt impregnation
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Fig.5 External cumulative volume fraction as a function of

residence time under different traction speeds
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Fig. 6 External cumulative volume fraction as a function

of residence time under different mold gaps

3 HEARMNRKR

3.1 BRI AE

R T WS ST B T B AR I R
TN I IE AT M BRI BRIX 5 AN S SHO
5 AR L5 B B[R] B 52 MR, SR FH Design Expert
BAFY Box-Behnken A HHEAT IE 2810 35 % 11, % 1t
T 5 HZE 3 K 3wy AL O 48, gk 1
TN o BRI R Sk A1 R FUA TR 280k 95% B T Xof
N RO 5= BRI (105 ) IRTBUREFE FNEF HEWT R 3@
AR SC AT A 45 B s 1) BESARAR TT L 25 ) i A5 5] 45 7
i (B AR SRR R B SC R MR, iniE 7 iR
TR A B R B B0 95% i), X 0 Y
{EREBFE] R 11,65 s, 38 33 AR SCHE ST 1) 455 B4 A ] 5
RUTT DATHER Y 15, T2 108 R B 12T A DT 54 R 1) 1155
BH R



5 PR 5« IO S A T R o 45 -
#1 BRI R 100
Table 1 ~ Test program of the simulation ik 1.655,95)
‘§ 80
R &
K WEMOT RERMA WIEIT WEITI BRI éz 60
KE/mm Ffe/mm B /() B/mm &l
1 5 1 5 120 1 %
2 12.5 3 10 145 3 = 20
3 20 5 15 170 5 T I L
0 10 20 30 40 50
. . (ERFINIEITE
3.2 *E?Uﬁt%%%ﬁ*ﬁw ‘ o BT R
2552 %%1t/\*% v ’ Ti»%:ﬁgf Sl S Fig.7 Residence time distribution function
LR, N2 PR,
#2 R SS
Table 2 Simulation test results
e P T it [ £y W HIT PLiH HIT B ] B/ 1oy /s 2R/ 21 4 i 54
KJE/mm 4%/mm i Jeff/(°) mm % /%
1 5 3 10 145 1 6.3533 87. 6646 0.5774
2 12.5 5 10 170 3 12.2346 85.7126 0.3820
3 20 3 10 145 1 35.1030 100 10. 5258
4 12.5 3 15 145 5 22.4536 89.964 8 0. 9662
5 5 3 15 145 3 7.7808 78.7252 0.3641
6 12.5 3 5 120 3 7.3499 74.2139 0.3162
7 12.5 1 10 170 3 11. 1074 98.7714 5.5295
8 12.5 1 10 120 3 12.5200 100 6.2815
9 12.5 3 15 170 3 26.9316 98.5418 1.7993
10 12.5 3 10 170 5 11.2458 81.8326 0.4487
11 12.5 5 15 145 3 29.0091 94.1220 1.0312
12 12.5 3 10 145 3 11.9463 91.4290 0.8615
13 20 5 10 145 3 33.9671 96. 056 4 1.2125
14 12.5 5 10 145 5 11.9182 78.8902 0.2086
15 12.5 3 10 145 3 11.9463 91.4290 0.8615
16 12.5 3 15 120 3 33.1373 100 2.2568
17 12.5 3 10 145 3 11.9463 91.4290 0.8615
18 20 3 10 170 3 30. 8878 100 2.0641
19 5 3 10 170 6.1658 72.1399 0.2150
20 12.5 3 10 120 1 16. 8337 100 4.3804
21 12.5 1 10 145 1 11.9450 100 14.9246
22 20 3 10 145 5 33.1916 92.4723 1.1018
23 20 3 15 145 3 52. 9666 100 5.5178
24 12.5 3 5 145 1 7.2072 89.3868 0.8721
25 5 3 10 120 3 6.3834 73.0394 0.2273
26 5 3 10 145 5 6.2399 66. 6244 0.1618
27 12.5 5 5 145 3 7.0622 69. 3986 0.1103
28 20 1 10 145 3 23.3271 100 10. 1149
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KB/ mm 4%/ mm L Jefas(°) mm % /%
29 5 1 10 145 3 6.2704 78. 1711 2.9674
30 12.5 3 10 145 3 11.9463 82.5540 0.4743
31 12.5 3 5 145 5 7.0055 66. 8017 0.1979
2 12.5 3 10 145 3 11.9463 91.4290 0.8615
33 5 3 5 145 3 4.9483 60. 7563 0.1295
34 12.5 3 5 170 3 6.8711 72.4130 0.2763
35 12.5 3 10 145 3 11.9463 91.4290 0.8615
36 12.5 1 15 145 3 19.7655 100 9.2749
37 12.5 3 10 120 5 12.4362 83. 8377 0.5248
38 12.5 3 10 170 1 14. 6349 100 3.3985
39 12.5 I 5 145 3 7.0128 79.7546 3.3306
40 12.5 5 10 120 3 14. 1072 87.5605 0.4654
41 20 3 5 145 3 9.6768 81.7184 0.5813
4 5 5 10 145 3 6.2594 69.4208 0.0772
43 12.5 1 10 145 5 11.4612 88.4552 4.1386
44 12.5 5 10 145 1 15.5559 100 1.9393
45 12.5 3 15 145 1 29.8612 100 9.1232
46 20 3 10 120 3 40. 6715 100 2.6709
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Table 3  Restricted conditions for parameter optimization
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Table 4 Recommended values of influencing
factors after optimization
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Fig.8 The effects of the length of the runner unit and the number of runner units on the impregnation process
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Theoretical model of the residence time for composite processing

of polyamide continuous fiber impregnation

ZHOU LeiLei' XIN ChunLing'

CHEN JianZhao'

REN Feng' HE YaDong'*"

(1. College of Mechanical and Electrical Engineering;

2. Polymer Processing Equipment Engineering Research Center, Ministry of Education,

Beijing University of Chemical Technology, Beijing 100029, China)

Abstract; The residence time in the processing of continuous fiber reinforced polyamide composite materials has

been studied using the residence time distribution ( RTD) function and a self-made curved channel impregnation

mold. A mathematical model of the residence time of the curved channel was established and verified experimental-

ly. The results show that the model can accurately predict the residence time of the resin in the impregnation mold.

A test scheme with five factors and three levels was designed using the Box-Behnken response surface method, and

the influence of mold structure on the corresponding residence time when the external cumulative volume fraction is

95% (t45) during processing was simulated. The results show that the length and number of the channel unit have

the greatest influence on t,;. By means of the simulation and optimization test, the optimal parameters of the im-

pregnation mold structure were obtained as follows; the length of the channel unit was 12. 5 mm, the radius of the

channel fillet was 3 mm, the number of the channel units was 10, the angle of the channel unit was 160°, and the

mold gap was 1.4 mm.

Key words: polyamide; glass fiber; residence time; mold structure
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