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Mold design for shell of high voltage connector sockets and multi-objective injection

molding process optimization
HAN Guotai, ZHAI Lin, HU Haichao
(Tianjin Sino-German University of Applied Sciences, Tianjin 300350, China)

Abstract : Taking the high voltage connector socket shell as the research object, mold design and injection molding process
optimization were carried out. In terms of mold design, the point gate scheme was changed to a cow angle injection scheme, simpli-
fying the mold structure from a three plate mold to a two plate mold. Design the horn gate as an embedded structure , which is conve-
nient for EDM machining and timely cleaning when the gate breaks. To improve cooling efficiency, the cavity part adopts a circular
waterway design, while the core part adopts a well waterway design. Due to the small wall thickness of the lower part of the product,
a combined ejection method of " ejector pin + flat ejector pin" was adopted to solve the problem of difficult product detachment. At
the same time, the gap between the top rod and the top rod hole can escape air, solving the problem of trapped air in the narrow area
of the core. Using Moldex3D to simulate and analyze the design scheme of the pouring system and cooling system, the rationality of
the design scheme was verified, and preliminary injection molding process parameters were obtained. In terms of process optimiza-
tion, multi-objective injection molding process optimization was carried out in response to the standard deviation of volume shrink-
age and maximum warpage. The method of "orthogonal experiment + response surface experiment" was used for optimization.
When the melt temperature was 228 °C, the holding pressure was 237.5 MPa, and the holding time was 5.88 s, the multi-objective
process parameters were optimal. Inputting Mold 3D software for further simulation, the standard deviation of volume shrinkage is
0.937%, reducing by 45.39%, the maximum warpage is 0.181 mm, a decrease of 21.30%, indicating that the optimization plan is
feasible.

Keywords : injection mold design ; injection molding process ; orthogonal experiment ; response surface experiment ;

multi-objective injection molding process optimization
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1—Spring; 2—Core; 3—Slide; 4—Cooling water circuit of the core; 5—B plate; 6—Angle pin; 7—Cooling water circuit of the cavity; 8—A plate;
9—-Core insert; 10—Cavity; 11—Cavity insert A; 12—Cavity insert B; 13—Gate; 14—Bottom clamp plate; 15—Support plate; 16—Ejector plate;
17—TF]lat ejector pin; 18—Ejector pin; 19—Sprue puller; 20—Sprue brush; 21—Locating ring
7 BT
Fig. 7 Mold assembly drawing



BHEZR, AF R AR A e B 5 2 BARTES T 20k 105

(PC), Jif'5- WONDERLOY PC-6220, Atk EhTE
U RS RGBT /N, HEFERI IR 3
TEZHEL,

R1 EETESY

Tab.1 Injection process parameters

Mold Melt Injection Packing
iling Packing
tempera- tempera-  pressure time/s press/ time/s
ure/°C ture/°C /MPa MPa
60 240 250 1.8 250 5.6

W ek RE I T BB RS IT
Z L)L STP #2043 5115 A Moldex 3D k4 , #4774k
PR AE S o, Gl 8 s o W] 8a it 7, SRS [H]
1.8 s, VU~ Y jias B 08 10 45 B A 8 58 B IE) Ry
1.494,1.478,1.484,1.480 s, B [A] AHAT , 15 W 43 i 3

Run1
Filng_Met Frent Time
Time = 160 sa¢ (EOF)

[seq

X 'm 1.800
1.560
1.320
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(c) Temperature difference between water inlet and outlet
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Fig. 8 Simulation analysis of gating system and cooling system
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Tab. 2 Six factor five level values table

Factor
Level

A/°C B/°C C/MPa D/s E/MPa Fls
1 57 228 237.5 1.68 237.5 5.32
2 58.5 234 243.75 1.73 243.75 5.46
3 60 240 250 1.8 250 5.6
4 61.5 246 256.25 1.85 256.25 5.74
5 63 252 262.5 1.9 262.5 5.88

fifi FH Moldex3D 443 51 %k 2 2 (1) 55 2047 1
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Tab.3 Orthogonal test results

No A4/°C B/°C C/MPa D/s E/MPa F/s Y1/% Y2/mm
1 57 228 2375 1.68 237.5 532 0938491 0.177048

2 57 234 24375 1.73 24375 5.46 0.945807 0.213736
357 240 250 1.8 250 5.6 0.965707 0.249 839
4 57 246 25625 1.85 256.25 5.74 0.991 657 0.282 156
S 57 252 2625 1.9 2625 5.88 1.02445 0.313840
6 585 228 24375 1.8 256.25 5.88 0.841424 0.235266
7 585 234 250 1.85 2625 5.32 0.887911 0.239 556
8 585 240 25625 19 2375 546 1.00838 0.214208
9 585 246 2625 1.68 24375 5.6 1.04735 0.251 000
10 585 252 2375 1.73 250 574 1.06823 0.280272
11 60 228 250 1.9 24375 574 0.87917 0.201025
12 60 234 25625 1.68 250 588 091043 0.238696
13 60 240 2625 1.73 256.25 5.32 0.963216 0.244 161
14 60 246 2375 1.8 2625 546 0.990882 0.307272
15 60 252 24375 185 2375 5.6 1.10434 0.245690
16 61.5 228 25625 1.73 262.5 5.6 0.830395 0.259941
17 61.5 234 2625 1.8 237.5 574 0.941606 0.200902
18 61.5 240 2375 1.85 243.75 5.88 0.965182 0.237 740
19 615 246 24375 19 250 532 1.02376 0.269 923
20 615 252 250 1.68 256.25 5.46 1.06472 0.301 638
21 63 228 2625 1.85 250 546 0.867533 0.223230
22 63 234 2375 19 25625 5.6 0.886969 0.260578
23 63 240 24375 1.68 262.5 5.74 0.928 847 0.296 167
24 63 246 250 1.73 2375 5.88 1.04857 0.237469
25 63 252 25625 1.8 243.75 532 1.10123 0.266 320

x4 WHEEFEZ)REER
Tab. 4 Shrinkage rate (standard deviation) range table

Level Al°C B/°C C/MPa Dis E/MPa Fls
1 09732 08714 09700 09780 1.0083 0.9829
2 09707 09145 09688 09712 09877 09755
3 09696 09663 09692 09682 09671 0.9670
4 09651 1.0204 0.9684 09633 09496 0.9619
5 09666 1.0726 09688 09645 09325 0.9580
Delta 0.0081 02012 0.0015 0.0146 0.0758 0.0249
Rank 5 1 6 4 2 3

x5 RAMHEREER

Tab. 4 Table of maximum warpage range values

Level A/°C B/°C C/MPa D/s E/MPa Fls
1 02473 02193 02526 02529 02151 0.2394
2 02441 02307 02522 02471 02340 0.2520
3 02474 02484 02459 02519 02524 0.2534
4 02540 02696 02523 02457 02648 02521
5 02568 02816 0.2466 02519 0.2834 0.2526
Delta 0.0127 0.0622 0.0067 0.0072 0.0683 0.0140
Rank 4 2 6 5 1 3
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Tab.5 Response surface design value table

Level
Factor
-1 0 1
B/°C 228 240 252
E/MPa 237.5 250 262.5
Fls 5.32 5.6 5.88

F6 MO ESEHIGITEER

Tab. 6 Response surface experimental design and results

Osr;der i‘;zr Pttype Blocks BFC EMPa F/s  Y1/% Y2/mm
1 2 I 28 2375 560 0942 0.8
6 2 2 1252 2500 532 108 0282
4 3 2 I 252 2625 560 1031 0318
34 0 I 240 2500 560 098 0257
5 s o0 I 240 2500 560 098 0257
5 6 2 I 228 2500 532 0907 0218
> 7 2 1252 2375 560 1.109 0246
g8 8 2 I 252 2500 588 1057 0282
49 0 1 240 2500 560 098 0257
7 10 2 I 228 2500 588 0895 0218
o 1 2 1 240 2375 532 1025 0217
3 12 2 I 28 2625 560 086 0255
o132 I 240 2375 588 1012 0218
0 14 2 I 240 2625 532 0948 0292
215 2 I 240 2625 588 0934 0292
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