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Design of injection mould for smoke alarm shell based on CAE optimization
LIANG Bei', XIAO Guohua', LU Yunxiang’, LI Xiangfen’, ZHENG Zijun', YANG Shaozeng'
(1. School of Mechanical and Electrical Engineering, Zhejiang Business and Technology Institute,Ningbo 315012, China;
2. Ningbo Huabao Intelligent Technology Co., Ltd.,Ningbo 315600, China)

Abstract : In response to the difficulties in setting gate location, demoulding local features, and requiring high molding accura-
cy levels for smoke alarm shell plastic parts in mould design, and in order to achieve automated injection molding production of the
plastic parts, firstly, on the basis of the technical route based on design for manufacturing analysis of the plastic parts, a feasibility
analysis of the layout of mould structural components was carried out for the forming of the plastic parts. Then, CAE analysis
methods were used to optimize the design of the gating and cooling system for the single cavity of mould cavity. In the optimized
single cavity gating system, a single bull horn gate was used for gating. Under the condition of a gate diameter of 0.8 mm, the injec-
tion time of the mould cavity is about 0.558 4 s, the filling pressure is about 30 MPa, the flow front temperature difference is 3.8 °C,
the gate freezing time is 11.57 s, the warpage deformation is less than 0.25 mm), and the injection cycle can be controlled within
36.65 s. The mould designed based on CAE analysis has a layout of 1 mould with 2 cavities, a cold runner two plate structure, and a
single mould opening and single ejection. In the mould, a side core-pulling slider was used for forming and demoulding the side
straight wall of the plastic parts to ensure the integrity of the appearance of the straight wall. For the situation where there were both
side holes and inverted hooks in the local narrow space, a centralized demoulding design method was adopted to implement side
core-pulling demolding using a lifter with multi forming feature. For the convenience of mould manufacturing, a temporary fixing
screw was added on the slider to facilitate the repair of the parting surface of the slider during mould matching, in addition, pull rods
were installed on the ejector plate to facilitate the installation of numerous ejection components on the ejector plate.

Keywords : smoke alarm ; CAE analysis ; design for manufacturing analysis report ; lifter ; slider ; ejector sleeve ; injec-

tion molding ; mould design
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Front view

Bottom 3D view
T1,T1'—Screw post; T2,T2', T3, T3'—Positioning ribs;
T4,T4'—Hook; T5, T5'—Buckle hole reinforcement ribs;
k1—Buckle hole; T6, T6'—Reinforcing ribs ; T7—Disc side wall;

T8—Column hole ; T9—Material identification characters;

T10—Small positioning column; T11—Circular hole; T12—Square hole
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Fig. 1  Plastic parts of smoke alarm shell
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T7,T11,T12—The same as Fig.1;E;—Ejector sleeve; E—Ejector pin;
I,—Insert block ; A, —Lifter;1,—Cylindrical insert
2 SRS ST BTG A1
Fig. 2 Analysis of demoulding of plastic part and

layout of mechanism components
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Gate compatibility
=1.000

(b) CAE model

Filling end pressure
=61.92[MPa]
[MPa]

1 61.92
45.44
30.96

15.48

0.000

(c) Fill time (d) Fill pressure
Temperature at flow front Cooling pipeline temperature
=277.2[°C] =25.40[°C]
[°C] [°C] 25.00[°C]
I 2712 I 25.40
276.2 25.30
2753 25.20
>, |
274.4 25.10 wpsith WL3 §25.27[°C]
e o i)
I 2732 I 25.00 R oo 25.16[°C]
el

(e) Flow front temperature (f) Cooling effect

Time to reach the ejection temperature ~ Deformation: All factors: Deformation
=17.17[s] Proportional factor=1.000
[s] [mm]

0.239 4[mm]
53.82 I 0.2455

0.242 6[mm]
|

40.89 0.2042

27.95 0.169 2

15.01 0.121 6

0.232 0[mm]
2075 0.0804 531 2mm]

(g) Gate freezing time (h) Warping and deformation
WL 1~WL4—Water line ; 20—Bull horn gate;
RO,R1—Runner; Y —Best location of gate
B3 CAEfMALsHr

Fig. 3 CAE optimization analysis
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(a) Single cavity parting design

(b) Integrated forming part design

T5,T6,k1—The same as Fig.1; Ps—Main parting surface; D, —Mould
opening direction; 1—Cavity insert; 2—T7 slider; 3—T8 cylindrical
core,4,4'— lifter (A, ),5—Core insert; 6—T2 inserts (I,); 7—T3 inserts
(1,);8—TT1 Ejector Sleeve (E);9—g0 gate insert; Pa—Plastic part;
g0—Bull horn gate; D, —Mould opening direction
P4 Bl oy TR K R AR
Fig. 4 Single cavity parting and forming part setting
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V,—Vent; G, ,G ,—Air groove;h —Air hole; 1'—Dual cavity insert;

5'—Dual core insert; 9—Bull horn gate inserts;

Pg,20,2,4,6,7,8—The same as Fig.4;2'—The same slider as 2;

R0O—Main Runner;R1,R2—Runner; L,—Runner Platform;

C,—Cone groove; C,—Cone platform; H—Hanging hole

S AU
Fig. 5 Design of dual mould cavity forming parts
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(a) Overall 3D view of the mould (b) 3D sectional view of the mould

(c) Fixed mould

(d) Moving mould
1~9,1',2,5', P —The same as Fig.4 and Fig.5; 10—Upper clamping
plate; 11—Fixed mould plate ; 12—Moving mould plate ; 13—Safety bar;
14—Mould foot; 15—Dust shield; 16—Ejector retainer plate;
17—Ejector plate; 18—Lower clamping plate ; 19—Supporter block;
20—Angular pin;21—Locating ring; 22—Sprue bushing;;
23—Fixing screw ; 24—Guide bar;25—Wear plate ; 26—Stop block ;
27—Guide rails ; 28—Return pin; 29—Return spring;
30—Z-shaped sprue puller;31—Ejector; 32—Copper blockage;
33—pull rods ; 34—Wear resistant circular spacer;
V1,V2—Mould cavity numbers
H6 AL
Fig. 6 Mould structure
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Left view

Front view

g0'—Bull horn gate ; 35—Guide pillar; 36—Shoulder guide bush;
37—Distance stopper; 38—Support pillar; 39—Stop pin;

40—Ejector guide pin;Other numbers are the same as Fig.4-Fig.6
BT RS e
Fig. 7 Mould structure installation
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(a) Fixed mould physical object (b) Moving mould physical object

(c) Front of physical plastic part (d) Reverse side of physical plastic part
2,2,20,35,V1,V2,P—The same as Fig.4-Fig.7;
T1~T5—The same as Fig.1
P8 LR EIAPES
Fig. 8 Mould and plastic part physical objects
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