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Fig.1 Volume shrinkage rate of rubber outer windshield
during ejection under initial process parameters
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Fig.2 Shrinkage mark index of rubber outer windshield

during ejection under initial process parameters
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Tab.1 Factor and level table
K- LS
A B C D E
1 185 65.0 160 6 90
2 190 67.5 170 8 95
3 195 70.0 180 10 100
4 200 72.5 190 12 105
5 205 75.0 200 14 110
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Tab.2 Orthogonal test schemes and results
VS A B C D E Y,/ % Y,/% Y/%
1 185 65.0 160 6 90 4.221 5.354 4.787 5
2 185 67.5 170 8 95 4.342 5.875 5.108 5
3 185 70.0 180 10 100 4.603 5.637 5.1200
4 185 72.5 190 12 105 4.655 5.887 5.2710
5 185 75.0 200 14 110 4.615 5.769 5.1920
6 190 65.0 170 10 105 4.516 5.745 5.1305
7 190 67.5 180 12 110 4.663 5.681 5.1720
8 190 70.0 190 14 90 4.424 5.832 5.128 0
9 190 72.5 200 6 95 4.883 6.271 5.5770
10 190 75.0 160 8 100 5.014 6.133 5.5735
11 195 65.0 180 14 95 4.735 6.061 5.3980
12 195 67.5 190 6 100 5.004 6.332 5.668 0
13 195 70.0 200 8 105 5.384 6.310 5.8470
14 195 72.5 160 10 110 4.932 6.362 5.6470
15 195 75.0 170 12 90 4.937 6.061 5.499 0
16 200 65.0 190 8 110 5.231 6.554 5.8925
17 200 67.5 200 10 90 5.109 6.532 5.8205
18 200 70.0 160 12 95 5.354 6.476 5.9150
19 200 72.5 170 14 100 5.232 6.252 5.7420
20 200 75.0 180 6 105 5.129 6.753 5.9410
21 205 65.0 200 12 100 5.181 6.594 5.8875
22 205 67.5 160 14 105 5.228 6.542 5.8850
23 205 70.0 170 6 110 5.523 6.742 6.1325
24 205 72.5 180 90 5.698 6.713 6.2055
25 205 75.0 190 10 95 5.768 6.880 6.3240

TE YRR R, Y AR IR L, YA BURE L, Y= (Y, + 1)) /2.

K3 EESNRETH MR ERERERRESTER

Tab.3 Range analysis results of volume shrinkage rate of

rubber outer windshield during ejection %

oA 4 B c D E

K, 4.487 4.777 4.950 4.952 4.878
K, 4.700 4.869 4.910 5.134 5.016
K, 4.998 5.058 4.966 4.986 5.007
K, 5.211 5.080 5.016 4.958 4.982
K 5.480 5.093 5.034 4.847 4.993
2 0.993 0.316 0.124 0.287 0.138
HEF 1 2 5 3 4

K K Ky K MIK O AR 4 2 HAEL, 2,3, 4, 5D KF TR
L SOR SO
B F AR A REY AR 0 ROSE B hn g i, T
il HETH M 16 A B i 4 3R A3 A i 3 v /N R R
PR 73 R 23 S BUR AN APE T 5 W4 A 3
5, NILE R B A IR R T .

FEE I RS TH B 7 4 BRI 4 6 fe /N B
W T AR A NAB CDE,, BB 185
CLIEMIERE 65 °CEMEE 170 s, fRERE]

14 s, /KT 90 MPa,
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TR AN RS T Bsf %) 4 91 48 B0 0 B 22 43 Bir &4
WINFRAR

R4 BERSNRETH A RRIEHRESHER

Tab.4 Range analysis results of shrinkage mark index of

rubber outer windshield during ejection %

R E| A B C D E

K, 5.704 6.060 6.171 6.289 6.097
K, 5.931 6.191 6.134 6.315 6.311
K, 6.224 6.197 6.168 6.230 6. 187
K, 6.510 6.295 6.295 6.138 6.246
K 6.692 6.318 6.294 6.090 6.220
e 2% 0.988  0.258  0.161 0.225 0.214
HEF 1 2 5 3 4

TE: 33,

AT LU, g T S HOMR A RS
T HFS B A9 20 IR i )2 I e JEE AR 0/ A HE A
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53

WU [ 46 . T TE SR 0 ) g R A S RS T 3 1Y T 2 S Ml A 171

I b ok 25 BE R, #5045 T 2 S BRI X
PHTR H A ) 408 I 8 5504 52 i s B 5 2 3 ) AR BRI
A RLE KB

G M R ABIIE AT AR AR THH B A 4 R
B/ TS5 68 4,B,C,DSE,, 51k
U /N RS T A S50 A AT
1.4 REHEFESW
1.4.1 Tt B A9 FR U 4 &

J7 2253 Mk b PIE 2 M 2 X9 H 5 H AR E
2 SERFEFR, PIE/NT0. 058 iR I 5 HAR(E 2
S RPN RN RE 2%, AR IE S IR A AR
PR 2N F ES T0 L B () A B i 4 3 T 22 43 B 245
R, RS FR

RS BESINRETIHNEREBERTESHER
Tab.5 Variance analysis results of volume shrinkage rate of
rubber outer windshield during ejection

son ke PN sy R e

A 4 3.122 19 0.780 55 15.16 0.011
B 4 0.41077 0.102 69 2.00 0.260
C 4 0.05095 0.012 74 0.25 0.898
D 4 0.21291 0.053 23 1.03 0.487
E 4 0.062 72 0.01568 0.30 0.862
% 4 0.20589 0.05147
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Tab. 6 Variance analysis results of shrinkage mark index of
rubber outer windshield during ejection

moB ok PN sy A e
A 4 3.2967 0.82419 29.76 0.003
B 4 0.2093 0.05233  1.89 0.276
C 4 0.1170 0.02925 1.06 0.480
D 4 0.1866 0.046 66 1.68 0.313
E 4 0.1243 0.03107 1.12 0.457
B2 4 0.1108 0.027 69

s 24 4.044 7
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Y=—47.0+0.299x,+0. 315x,40. 079x.+0. 28 1x,+0. 089x,—0. 000 286x,>—0. 000 85x,>+
0. 000 06x.—0. 011 136x,°—0. 000 982x,>—0. 000 34x x,—0. 000 623x x-—0. 000 46x,xp,+  (2)
0. 000 064x x,—0. 000 02x,x,+0. 000 73xzx,+0. 000 242xcx,

=7 W R TE

Tab.7 Coefficients of response surface

S -
oon owe W m ew E
o 5.745 5 0.094 4 60. 89 0.000

A 0.526 8 0.0410 12.86 0.000 1.88
B 0.1121 0.042 1 2.66 0.032 1.98
C 0.060 9 0.044 0 1.38 0.209 2.16
D —0.1300 0.0440 —2.96 0.021 2.16
E —0.0023 0.0421 —0.05 0.958 1.98
AXA —0.0286 0.0560 —0.51 0.625 1.22
BXB —0.0212 0.0778 —0.27 0.793 2.37
cxcC 0.024 0 0.1110 0.22 0.833 4.80
DXD —0.1780 0.1110 —1.61 0.152 4. 80
EXE —0.0982 0.0778 —1.26 0.247 2.37
AXB —0.0172 0.0740 —0.23 0.823 3.05
AXC —0.1250 0.1040 —1.20 0.271 6.07
AXD —0.0180 0.1040 —0.18 0.865 6.07
AXE 0.006 4 0.074 0 0.09 0.933 3.05
BXD —0.0003 0.0599 —0.01 0.996 2.00
BXE 0.036 6 0.079 1 0.46 0.657 3.49
CXE 0.048 3 0.0599 0.81 0.446 2.00

X7, x,€[185,205],x,€[65.0,75.0],x.€[160,
200],x,€1[6,14],x,€[90,110],

XF 7 B2 (2) KR & /MAE, 15 Blx, =185 C,
x;=65 C,xc=160 s,x,=14 s,x,=110 MPak},
Yo =4.397, BIBLELIR B 185 C AR IR K65
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4.397%,
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Fig.3 Volume shrinkage rate of rubber outer windshield
during ejection after optimization of process parameters
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Fig.4 Shrinkage mark index of rubber outer windshield
during ejection after optimization of process parameters
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Windshield for High-speed Train Based on Orthogonal Test
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Abstract: Based on Moldflow software, orthogonal test and response surface method were used to
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optimize the design of the injection molding simulation scheme of the rubber outer windshield for high-speed
train, and the injection molding process parameters were studied. The results showed that mold temperature
was the most significant process factor affecting the volume shrinkage and shrinkage mark index of the
rubber outer windshield during ejection, followed by melt (compound) temperature, pressure holding time,
holding pressure and injection time. The optimized injection process parameters were: mold temperature
185 °C ,melt temperature 65 °C,injection time 160 s, pressure holding time 14 s, and holding pressure
110 MPa. Under this process parameter,the maximum volume shrinkage of the rubber outer windshield was
4. 165%,and the maximum shrinkage index was 5. 103%.

Key words: high-speed train; rubber outer windshield; injection molding; process parameter;

optimization; orthogonal test;response surface method
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