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Optimization of Injection Molding Process for PA/PPE Power Connector Devices

XU Yang, ZHANG Sai, LI Lianying
(School of Electrical Engineering, Xuchang Electrical Vocational College, Xuchang 461000, China)

Abstract: In response to the dual requirements of dimensional stability and electrical insulation performance for
electrical connectors, a study was conducted on polyamide/polyphenylene ether (PA/PPE) composites to investigate the
influence of injection molding process parameters on molding quality and electrical safety. Multi-physics coupled
simulations of flow, cooling, and warpage were performed using Moldflow software. A process optimization model
targeting warpage deformation was established using the Box-Behnken response surface methodology, and the interactive
effects of ejection temperature, melt temperature, packing pressure, and cooling time were systematically investigated. The
study found that under the initial conditions, the maximum warpage deformation of the molded part was 0.920 1 mm, and
defects including air cavity, weld lines, and excessive sink mark index were observed. A response surface model was
obtained through linear regression fitting. The analysis revealed that melt temperature had the greatest influence on
warpage deformation, followed by holding pressure, ejection temperature, and cooling time. The optimized process
parameter combination was determined as follows: ejection temperature of 112 °C, melt temperature of 284 °C, holding
pressure of 23 MPa, and cooling time of 51 s. Under these conditions, the warpage deformation was reduced to
0.194 5 mm, representing a decrease of approximately 78.86% compared with that before optimization. Actual injection
molding trials verified the effectiveness of the optimized process. The molded samples exhibited good appearance with no
obvious defects observed, and the sink mark index decreased from 3.926 0% to 1.252 0%. The study demonstrated that the
combination of response surface methodology and simulation technology could significantly improve the injection
molding quality of PA/PPE composite electrical connectors, providing a reference for the manufacturing of high-precision
electrical connectors.
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Tab.1 Parameters of PA/PPE material

BLEIREEC  TESHEJ1/MPa TESHELE/°C

{RFEE J1/MPa

WHI s TR C SRR /°C Wi ZR1%

50~80 30~70 220~300 15~35

20~80 90~130 250~320 0.5~1.6
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e AT EAE R b, 2558 20 el B 10 & B A0, B (A
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B 5E 2 70, SRR RIS LI P2 A
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Tab.2 Key process parameter level

(EES Al°C B/°C C/MPa Dis
T 90 250 13 20
R 130 320 35 80

2.2 WaRIEREAETE

%5°F Box-Behnken i3 % i1 77 1% , S WF5T 6 LA . B,
C.DAEA R TS, Ik B B a0 th A2 T2 B.(R)
Sy o7 A A AL 29 ZH IR A A 1 i) . T U T
e, 5L 1 A R R AR H K E I N A A R AL S
#3 N DOEIRIEHEA . MFE 3V LI, AR TS5
B AN AR B R I B S R R, (AR
B TEAH R S HOCE ST, 385 IR B AR 15 th A2 T
BAERM/NES . X—BLRATREZR RGN AL E
PP R)RAE HASON. , T A W e S B A A i 5
ZEGIMTRIRNAB R KB SN A 37 A AR PR
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Tab.3 DOE test samples

Gn's A/°C B/°C C/MPa Dls R/mm
1 110 285 24 50 0.5503
2 110 285 35 20 0.623 4
3 90 250 24 50 0.4127
4 130 320 24 50 0.789 2
5 110 285 13 80 0.478 1
6 110 320 35 50 0.8125
7 130 285 24 20 0.509 8
8 90 285 35 50 0.5821
9 90 285 13 50 0.398 5
10 110 285 24 50 0.547 8
11 130 250 24 50 0.498 6
12 110 320 24 80 0.7342
13 110 250 24 80 0.4219
14 130 285 35 50 0.701 3
15 90 320 24 50 0.712 4
16 90 285 24 20 0.456 2
17 130 285 24 80 0.6127
18 110 285 24 50 0.5521
19 110 285 35 80 0.689 5
20 110 285 13 20 0.3654
21 110 250 13 50 0.3347
22 110 285 24 50 0.549 6
23 110 285 24 50 0.548 9
24 110 250 24 20 03782
25 110 250 35 50 0.567 8
26 110 320 13 50 0.6543
27 110 320 24 20 0.623 7
28 130 285 13 50 0.498 7
29 90 285 24 80 05124
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Fig.6 Fitted curves and normal probability distribution
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FeaRTEMTEER . W AVTLITE H, e 7 i A5 4
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Tab.4 Results of analysis of variance

(S 2P HHE Ji7% FiE P WEE
F 0.440 14 0.031 83.130 <0.000 1 el
A 0.024 1 0.024 63.340 <0.000 1 i anES
B 0.240 1 0.240 646.440 <0.000 1 e
C 0.130 1 0.130 342.750 <0.000 1 ATE S
D 0.020 1 0.020 53.390 <0.000 1 AT
AB 2.070x10° 1 2.070x10° 0.055 0.818 4 NS
AC 9.030x10° 1 9.030x10° 0.240 0.6327 e
AD 5.450x10" 1 5.450x10" 1.440 0.249 7 e
BC 1.400%10° 1 1.400%10° 13.710 0.014 6 BE

BD 1.120x10° 1 1.120x107 12.950 0.047 8 B3

CD 5.430x10* 1 5.430x10* 1.440 0.250 7 NS
A 8.840x10° 1 8.840x10° 0.230 0.636 1 N
B 8.240x10° 1 8.240x10° 21.800 0.000 4 e
c 2.660x10™ 1 2.660x10™ 0.700 0.4156 NTES
D? 6.310x10° 1 6.310x10° 16.700 0.001 1 e
5553 0.620 15 0.041

LSl 0.620 10 0.062 12316 1.623 9 NTES
2RI 5.200x10° 5 4.940%10°

BIEETT 15.504 29

HRAZHR 0.963 9 KIERHR 0.983 1 el 15.935
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Tab.5 Optimized optimal combination of process parameters

A/°C B/°C C/MPa D/s R/mm

112 284 23 51 0.196 1
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Fig.8 Defect analysis after optimization
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