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Integrated design of multi-material compatible injection mould for automotive headlight sockets
JIA Qiushuang',JIANG Shaoyan', LIU Xiaoyan', SUN Jianquan’, PEI Jianyong’
(1. Weifang Vocational College, Weifang 262737,China; 2. Weifang Yongquan Mold Technology Co.,Ltd., Weifang 261057, China)
Abstract : To address the core challenges of multi-material injection molding for automotive headlight sockets, an integrated
mold design scheme was developed to achieve efficient compatibility between polycarbonate (PC) and talc-modified polypropylene
(PP+TD40). A parametric model of a multi-level gating system was established, employing modular runner inserts: trapezoidal-
section cold runners and fan gates (5 mm width, 1.5 mm thickness) for PC, and circular-section submarine gates (1.2 mm) for PP+
TDA40. This eliminated weld lines and shrinkage defects caused by rheological differences. A dynamic shrinkage compensation
method was innovatively implemented via replaceable insert sets (e.g., core inserts with 0.1—0.2 mm height differential) for critical
features (sealing grooves, lamp holes), compensating for shrinkage variances (0.5%—0.7% of PC, 0.7%—0.9% of PP+TDA40) and
controlling machining errors within £0.02 mm. A gradient cooling system with vertical channels and baffled wells was designed,
enabling zonal temperature control (100—120 °C of PC, 60—80 °C of PP) through conjugate heat transfer optimization. This
improved mould temperature uniformity to 92%, suppressing non-uniform shrinkage in thickness-transition zones. Differentiated
ejection mechanisms were deployed: uniformly distributed ejector pins for PC and large-area honeycomb plates for PP+TD40,
combined with demolding slope > 2.5° and graded control of ejection speed (PC ejection speed < 50 mm/s, PP ejection speed < 30
mm/s), for achieving ejection balance of 0.93. Nitride-treated surfaces (HRC 62—64) and wear-resistant blocks to withstand mineral
abrasion were utilized in side cores. Production verification confirmed a mold lifespan exceeding 300 000 cycles and a qualification
rate of 96.7%.

Keywords : automotive headlight socket ; multi-material injection molding ; integrated mould design ; dynamic compensa-

tion for shrinkage rate ; gradient cooling system ; ejection mechanism optimization
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7 Bottom 3D view
(b) Structure of left headlight socket

B,—Three sided wall; C,—Sealing groove; D,—Bottom wall;

a,—a,,b,—b,c,—c,,d,—d;,e —e,, f,—f ,—Feature number

1 R e e
Fig. 1 Plastic parts of a certain car headlight socket
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(c) 3D view of main molded parts

P,—Main parting surface; /., —Mould opening direction; 1—Main cavi-
ty insert; 2—Main core insert; 3—Cavity core insert
K2 M BT

Fig. 2 Design for main molded parts of mould cavity
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(d) Design of D, bottom wall lower bottom surface insert
I /1,'~1¢/1 /—Buckle groove inserts; S, ~S(,S_~S ,,S ;,S,;—Slider
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| TS PO OO0 TV R |

117 7f12° 7f12 * °f13

f10”
1, —Partial inserts ; M,~M;—Demoulding mecha-
nism number ; 4—Spring ; 5—Combination small push board;
6—Reset rod
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Fig. 3 Design of partial molded part
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7—Oil cylinder; 8—Middle slider; 9—Guide rail ; 10—Insert I';
11— Pulling rod; 12~14, 16~20—Ejector pin; | 5—Ejector Sleeve;
M, ;—Demoulding mechanism number
B4 HUH M, KU LA s
Fig. 4 Design of M,, mechanism and ejection mechanism components
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21—Location ring; 22—Sprue bushing;23—Hot runner plate;
R,—Hot runner nozzle ; R,.—PC material cold runner;
g,,—PC material gate;,,—The same as Fig.3
s BRI
Fig. 5 Design of gating system
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(b) 3D view of design of water way for one other
W ~W ,—Cooling water way number
K6 VHIKEKRET
Fig. 6 Design of water way
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(b) Moving mould
1~23,M,~M, —The same as Fig.2,Fig.3,Fig.4,Fig.5;V,~V —Mould
cavity number;24,25—Angle pin; 26—Upper clamping plate;
27—Fixed mould plate; 28—Side lock ; 29—Guide pin;30—Position
lock ; 31—Moving mould plate ; 32—Mould foot; 33—FEjector retainer

plate; 34—Ejector plate ; 35—Moving clamping plate
K7 ERSIEE

Fig. 7 Structure of fixed mould and moving mould
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Left section view Front section view
(a) Mould installation

(b) Physical plastic parts
1~35,R, T, ,F, ,M,~M, —The same as Fig.7
8 ML I T AR
Fig. 8 Mould installation and working principle
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