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Optimization of injection molding process for motor gear cover with metal inlay based on Moldflow
LIU Yunfei',LONG Quan’, DAI Yu*, XIONG Jianwu'~*, WANG Desheng”*
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Abstract : The motor gear cover of automobile wiper system is generally made by injection molding, and 3 pieces of metal
inlays in it play a role in conducting current. During the injection molding process, it is necessary to ensure that there is a certain
distance between the metal inlays to ensure the normal operation of the motor. In order to verify whether the design scheme meets
the design requirements, the mold flow analysis software Moldflow was used to analyze the injection molding process of the gear
cover, accurately grasping the deformation situation of the metal inlay. The simulation calculation result of initial scheme shows that
the deformation of inlay 31 for grounding is too large and cannot meet design requirement, which leads to the risk of short circuit
from overlapping between two inlays. Aiming at the problem of excessive deformation of inlay 31, the possible reasons were
analyzed, and the injection molding process parameters and insert positioning scheme were optimized. Under the premise of meeting
the design requirements, the optimal mold temperature and melt temperature were obtained by orthogonal test. The results show that
the deformation of inlay 31 is reduced by 27.3% when the mold temperature is 80 °C and melt temperature is 265 °C. Through-hole
positioning method is changed in positioning of inlay 31, which increase the positioning reliability of inlay 31. After the implementa-
tion of two optimization scheme, the maximum deformation is reduced from 0.55 mm to 0.05 mm, which is reduced by 90.9% and
can meet design index requirement.

Keywords : motor gear cover ; inlay ; mold flow analysis ; deformation ; process parameter
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Fig. 1 Three dimensional model and size design of motor gear cover

1—Gear cover;2—Purple inlay 53a (positive pole);
3—Red inlay 31 (grounding) ;4—Cyan inlay 53 (switch)
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Tab.1 Tolerance calculation of clearance between two inlays
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Fig. 5 Grid division of gear cover

2.2 EBWIELAHK

Vi 5 35 A AR L Sy 5T i 53 4 42% SRR I
R T IR (PBT) ., i & 43 5 28% X K —H iR £ —
B (PET) 15 12 4385 30% B 55 £F 4k (GF),, How 4
JE Y Rl 250~270 °C , A5 EL IR B VI [ R 70~90 °C .
SRR e 5 478 Sty 3 2 a6 R AR RS
AR e PE LG AR TE i B E MR IR T A28
%2, TR mMET S GF, RATERY
(MRD)FHY | 0] 236 3D I 2T 21 4 B i T, 75
ARG TS,

F2 FBIEZSY

Tab.2 Process parameters of injection molding

Tolerance value of ~ Gap tolerance value

Tolerance name . . .
single inlay/mm of two inlays/mm

Inlays width tolerance +0.3 +0.6

Geometrlfz tolerances of 103 106
inlays
Inlays locationing hole
diameter tolerance and +0.2 +0.4
position tolerance

Mould locating pin diame-

ter tolerance and position +0.1 +0.2
tolerance
Total tolerance +0.9 +1.8
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Parameter Value
Melt temperature/°C 250
Mould temperature/°C 75
Injection time/s 1.2
Holding time/s 11
Holding pressure/MPa 45
Cooling time/s 33
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Fig. 6 Deformation plot of metal inlay
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Tab. 3 L25(52) orthogonal test factor and level design

Factor
Level

A/°C B/°C
1 70 250
2 75 255
3 80 260
4 85 265
5 90 270

IEAZIRER A R W2 4, SR 4 70 Hra SR nl L, 4
1 31 BYZRTE M 22 4 1 e, 2 4 IR R B 22

F4 L HETRBLER
Tab. 4 LZS(SZ) orthogonal test results

Factor Maxi- Factor Maxin-mm
mum warping
Test ~ deforma-  deformation
number tion of B at installa-
inlay 31/ tion inter-
mm face/mm
1 1 1 0.57 1 1 04173
2 2 2 0.46 2 2 0.4377
3 3 3 0.43 3 3 0.4577
4 4 4 0.41 4 4 0.500 1
5 5 5 0.34 5 5 0.5326
6 1 2 0.54 1 2 0.423 6
7 2 3 0.45 2 3 0.4423
8 3 4 0.40 3 4 0.478 7
9 4 5 0.36 4 5 0.5127
10 5 1 0.50 5 1 0.4511
11 1 3 0.48 1 3 04311
12 2 4 0.43 2 4 0.463 4
13 3 5 0.37 3 5 0.497 8
14 4 1 0.52 4 1 0.443 3
15 5 2 0.45 5 2 0.4613
16 1 4 0.44 1 4 0452 3
17 2 5 0.39 2 5 0.486 6
18 3 1 0.55 3 1 04317
19 4 2 0.48 4 2 0.4573
20 5 3 0.41 5 3 0478 8
21 1 5 0.41 1 5 04723
22 2 1 0.56 2 1 0.4277
23 3 2 0.50 3 2 0.4416
24 4 3 0.45 4 3 0.467 3
25 5 4 0.38 5 4 0.5112
k, 1.220 1.350 1.098 30 1.08555
k, 1.145 1.215 1.128 85 1.11075
k, 1.125 1.110 1.15375 1.138 60
k, 1.110 1.030 1.190 35 1.202 85
k 1.040 0.935 1.21750 1.251 00

R 0.180 0.415 0.09205 0.165 45
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Tab.5 Minimum spacing data between tail of inlay 31 and inlay 53a in tested engineering sample

Minimum spacing data/mm

Sample

Minimum spacing/mm

Sample

Original design Optimized design Original design Optimized design
¥ 1.44 2.34 16" 1.56 2.35
2* 1.68 2.31 17* 1.68 2.41
3* 1.47 2.44 18° 1.63 2.44
4 1.48 2.34 19 1.54 2.46
5* 1.36 2.37 20 1.49 2.38
6" 1.62 2.43 21* 1.66 2.36
7* 1.68 2.41 22* 1.55 2.41
8" 1.73 2.44 23" 1.65 2.33
9* 1.66 2.36 24* 1.66 2.48
10" 1.65 2.37 25" 1.63 2.46
1" 1.66 2.34 26" 1.55 2.37
12* 1.44 2.44 27" 1.55 2.34
13* 1.66 2.37 28" 1.58 2.36
14* 1.66 2.41 29" 1.52 2.39
15* 1.65 2.36 30 1.66 2.39
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