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Injection mold design and process parameter optimization of smoke alarm shell
ZHAO Tianyu, QIAN Zhe, HAN Zhengyu, FENG Wen
(School of Mechanical Engineering, Jiangsu Ocean University, Lianyungang 222005, China)

Abstract : To solve the core technical of difficulties in demolding, high requirements for the absence of forming marks on the
surface, and the tendency for the thin-walled feature to undergo warping deformation problems leaded by the complex thin-walled
structure of the smoke alarm housing and the multi-directional snap-fit on the inner wall of the plastic part. An injection mold with
two-cavity was designed. A pull-push compound progressive demolding mechanism was developed through the sequential coordina-
tion of a fixed mold latch and a moving mold pull plate, the side slider was first driven by an angle pin to complete the internal side
core-pulling action. Then, an ejection system with a balanced arrangement of multiple ejector pins was used to achieve smooth over-
all demolding of the part. Simultaneously, a hidden pinpoint gating system and a symmetric circulating cooling system were
designed in a matched manner, resolving the engineering problems of uniform melt filling, balanced part cooling, and appearance
quality control. Three-dimensional modeling of the mold was performed using UG software. Numerical simulation of the entire
injection molding process was performed using Moldflow software. Taking the warpage deformation part as the optimization objec-
tive, mold temperature, melt temperature, and injection time were selected as the key influencing parameters. A nonlinear relation-
ship model between the warpage deformation and the injection process parameters was constructed using a BP neural network.
Combined with a genetic algorithm, the optimal process parameters were determined as follows:mold temperature of 30 °C, melt

temperature of 200 °C, and injection time of 1.915 s. When the optimal parameters are used in the Moldflow simulation, the maxi-
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mum warpage is 0.113 2 mm, which is 65.17% lower than the warpage deformation of 0.325 0 mm obtained with the initial process

parameters. The optimized process parameters significantly reduce the warpage part, improve dimensional accuracy and molding

yield, reduce molding defects, lower trial-mold costs, and increase production efficiency. This study provides a reliable technical

reference for the design and process optimization of injection molds for similar thin-walled safety plastic parts with internal clips.

Keywords : smoke alarm housing ; mold design ; warpage deformation ; BP neural network ; genetic algorithm
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Fig. 9 Injection mold for the smoke alarm housing
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Tab.1 Simulation results

No. Mould Melt Inject time/s WarP
temperature/°C temperature/°C deformation/mm
1 30 200 1.0 0.340 4
2* 30 200 1.4 0.3128
3 30 200 1.8 0.117 4
4 30 200 2.2 0.129 6
5 30 220 1.0 0.338 5
6 30 220 1.4 0.306 1
7 30 220 1.8 0.289 5
8 30 220 22 0.1154
9* 30 240 1.0 0.338 2
10 30 240 1.4 0.3257
11 30 240 1.8 0.3147
12 30 240 22 0.2972
13* 50 200 1.0 0.339 8
14 50 200 1.4 0.309 0
15 50 200 1.8 0.118 1
16 50 200 22 0.1272
17 50 220 1.0 0.338 4
18 50 220 1.4 0.3059
19* 50 220 1.8 0.289 2
20 50 220 22 0.1151
21 50 240 1.0 0.3376
22 50 240 1.4 0.3250
23 50 240 1.8 0.314 6
24 50 240 22 0.297 4
25 70 200 1.0 0.338 8
26 70 200 1.4 0.309 7
27" 70 200 1.8 0.1233
28 70 200 22 0.128 2
29 70 220 1.0 0.338 2
30 70 220 1.4 0.305 8
31 70 220 1.8 0.288 5
32* 70 220 22 0.1151
33 70 240 1.0 0.3375
34 70 240 1.4 0.3249
35 70 240 1.8 0.3140
36 70 240 22 0.214 4

Notes: * denotes testing specimen.
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