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Design of injection mould for bracket based on fiber orientation optimization
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Abstract : The structural bracket is made of polypropylene with 15% glass fiber (PP+15%GF), a material where fiber orienta-
tion during molding significantly affects the part's mechanical properties, appearance, and anisotropic material shrinkage ; phenome-
na like warpage, twisting, and dimensional deviations occur due to causes such as the outer features of the U-shaped cantilever's
support legs sticking to the mold, uneven mold cooling, and unbalanced ejection. Based on CAE mould flow analysis, the four most
suitable gate locations were determined to adjust fiber orientation and anisotropic material shrinkage , and optimized molding process
parameters were applied to injection molding production. Utilizing the movable characteristic of the stripper plate in a simplified
three-plate mould, an in-mould core-pulling mechanism on the fixed mould side was designed to solve the restricted core-pulling
movement caused by limited space. This core was manufactured from beryllium copper to resolve cooling difficulties inherent in the
structure. Given the part's complex side geometry and numerous ribs, a delayed retraction mechanism for ejector pins was designed
within the traditional moving mould side slider core-pulling mechanism, solving the issue of the part's support legs sticking to the
slider cavity. To ensure reliable mold closing sequence, a forced reset mechanism for the part ejection system was designed, featur-
ing a simple, safe, and reliable structure. Experiments on the molded part under normal loading of 600 N show the maximum
displacement ratio of the measured displacement and allowable maximum displacement of the bracket is 0.77 in the X-direction,

0.68 in the Y-direction, and 0.62 in the Z-direction. The deformation ratio is within 0.8 of the quality control monitoring line,
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confirming stiffness met design requirements. The measured ultimate load capacity is 1 200 N, and application recommendations are

provided to the customer, customer feedback from actual usage confirms stable part quality.

Keywords : fiber orientation ;

mechanism ; injection mould
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(b) Type A bracket bottom view

PL1—Main parting line ; PL2—Outward-pulling core parting line;
PL3—Inward-pulling core parting line; T1—2-@5.2 mm blind hole;
T2—@6 mm through hole; T3—®23.2 mm step hole; T4, T9—Rib;
T5—®16 mm insert; T6—M6 bolt hole ; T7—@®2.6 mm blind hole;

T8—4-9.4 mmx3.4 mmm blind hole
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Fig. 1 3D drawing of plastic stent (unit: mm)
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Fig. 2 Surface layer orientation of plastic parts in three gating schemes
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Tab.1 Comparison of simulation results for three gate designs

Gate V/P transi-  Holding . Sink mark Total . Tensile modulus in Tensile modulus in
. o . Clamping .. . Poisson's L . . .
design  Fill time/s tion pressure/ pressure/ force/Tonne estimation/  deformation/ ratio first principal direc- second principal direc-
scheme MPa MPa mm mm tion (average)/MPa  tion (average)/MPa
Scheme 1 1.725 3.926 3.8 7.2 1.144 1.737 0.4390 3707.30 2 111.77
Scheme 2 1.009 3.355 33 6.3 1.164 1.479 0.4389 3715.73 2 110.21
Scheme 3 1.010 2.910 2.8 5.5 1.155 1.651 0.4390 3689.38 2 111.76
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1—Locating ring; 2—Guide pillar and guide bush; 3—Guide rod and
spring ; 4—Fixed mold base; 5—Fixed plate ; 18—Angled guide pin;
20—Plastic part;21—Cavity cooling channel; 22—Cavity;
23—Core pull;24—Double-tapered wedge block ; 25—Locking block;
26—MS8 Bolt;27—M10 Bolt; 28—Limit rod
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Fig.3 Fixed mold assembly drawing



152 AR

2025 4E, %5 53 4,45 8 1

FIVER
3.2 AL S AL X
SIS LAY S Y 9 14 S P BV MIN Y T
S FLAFRRE , JLE5 R BRI OC R W 4a I .
ST HAERURHFAE SRS T, 3 B AR 5 AR
% FLIY 1) S-S0 T Bl o T B e DR E AL fif
SR 57 SRR R R BETT T AN 4b BT R T
BHIEHE MM . 7E 023.2 mm & B FLNETT T 2
X 5 mm BT, 78 AR AR DG R 457 B
T.AB=15.2 mm - [ (5 BT P47 B
SR B 2 TOUET A T PR AR A (AT AR 98 R 1)
2y ARG S IS Vi B s MO YRR T T B
TR AR 10 25 YR A 3R T, 3 A A [0 B S8 8, ZE 8l
P43 FF B B >15.2 mm, 55 2k AT A W 8 AR AAR
RHATIE B0 I 120 M B8 VB A 1

31

32

33

(a) Core-pulling mechanism
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(b) Partial sectional view of delayed ejector
pin retraction mechanism

2—Guide bush; 5—Fixed plate; 6—Moving plate; 17—Slider clamp
plate ; 20—Plastic part; 21—Cavity cooling channel;; 22—Cavity;
23—Core pull;24—Double-tapered wedge block ; 25—Locking block;
30—Core;31—Slider; 32—Wear plate; 33—Ejector pin; 34—Slider
cooling channel ; 35—Fixed block ; 36—Spring
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Fig. 4 Moving mould assembly drawing (partial)
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Fig. 5 Layout of ejector pins and gates
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E01—@6 mm sprue puller pin; 6—Moving plate; 20—Plastic part;
22—Cavity ; 30—Core;40—®16 mm Insert;41—Sprue ; 42—Polyure-
thane spring;43—TInsert pin;44—Core cooling channel
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Fig. 6 Sectional view of the positioning-fixed insert area
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1—Locating ring; 2—Guide pillar and guide bush; 3—Guide rod and
spring; 4—Fixed mold base; 5—Fixed plate; 6—Moving plate;
7—Spacer block ; 8—Ejector pin retainer plate; 9—Ejector plate;
10—Moving mold base; 11—Return pin, Return spring; 12—Pivot pin;
13—Swing lever; 14—Stop block; 1 5—Insert pin; 16—Stop block;
17—Slider clamp plate; I8—Angled guide pin
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Fig. 8 Mould axonometric diagram
SHUG G, AT — TR
4 XRIEIE
RS BB A SR S AN P 9 T | 8 LA I 1
RINTIFAZHUZR, th TR R SR E
AR T A, BABAL, T RIREZ 2 0.35 mm, Fie K4S
FEALT C, DR, 75 M H SR 2 18] 225 4 Jm bl s
D # AL AR T AS B GE , C ALY SR 2 1.15 mm,
IAPE R A BT ER

A, B—Indicate shrinkage mark locations;

C,D—Indicate maximum deformation locations.
9 P
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Tab.2 Comparison of experimental data with standard values

Loading Test Allowable Maximum displacement measured value/mm
Test type L . Result
force/N  direction maximum/mm | 2 3 4 5 6 7 8 9 10 Average
X 0.60 044 045 042 042 040 046 042 042 044 046 0.43 Pass
Normal 600 Y 1.00 0.60 064 066 064 061 0.63 0.66 0.68 0.63 0.64 0.64 Pass
A 1.00 0.53 056 054 056 055 056 055 058 062 0.60 0.57 Pass
X 1.00 .10 1.08 108 106 1.00 1.04 1.08 1.10 1.08 1.06 1.07 Out
Ultimate 1200 Y 1.50 148 148 145 146 140 146 148 142 146 148 1.46 Marginal
z 1.50 120 118 118 112 110 116 1.14 1.18 1.20 1.16 1.16 Pass
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