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Injection molding process optimization and mould design of positioning sleeve in auxiliary growth device
for fruit tree grafting
WEI Juan', WANG Yunlong', MA Tingjun’*, WANG Xinling', WANG Shanshan’
(1. School of Mechanical Engineering, Xi'an University of Science and Technology, Xi'an 710000, China;
2. Jiaxian Forest Seedling Workstation, Yulin 719200, China)

Abstract : An auxiliary growth device for fruit tree grafting, consisting of positioning sleeve, hooks, and double-ended nuts,
was designed and the biodegradable materials were selected for the device which automatically degraded after successful grafting
without causing environmental pollution. Using the positioning sleeve as an example, simulation analysis and optimization of the
injection molding process were conducted through mold flow analysis, followed by the design of the corresponding injection mould.
Through forming window analysis, filling analysis, cooling analysis and optimization, holding analysis and optimization, and
warpage analysis with using Moldflow software, the optimal injection time of the positioning sleeve was obtained as 2.469 s, the
mould cavity filling time was 0.813 7 s, and the maximum clamping force during filling was 11.73 t. The optimized cooling parame-
ters included cooling medium temperature of 18 °C, cooling time of 30 s, cooling water channel diameter of 10 mm. After overall

optimization, the maximum total warpage deformation of the positioning sleeve decreased from 2.636 0 mm before optimization to
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0.833 2 mm, meeting the design requirements of no more than 1 mm. In the mould design, to address the demolding challenge of 4
small cylinders (@8 mmx20 mm) located in the annular groove of the positioning sleeve, which were connected to the main plastic
part only at their top and bottom ends, the angle pin driven slider side core-pulling system with secondary core-pulling structure was
designed. During mould opening, the angle pin first drove the primary slider to move 15 mm, which driving the slider insert to
synchronously shrink inward, achieving preliminary disengagement of the middle part of the small cylinders. Subsequently, a stop
block activated the secondary slider to continue moving, realizing the complete demolding of the small cylinders. This process
completely eliminated radial and axial constraints between the small cylinders and the mould, avoiding issues such as part pulling,
fracture, or deformation caused by conventional core-pulling methods, effectively addressing demolding challenges for complex
structures. Accordingly, using UG software, the auxiliary systems including gating, cooling, ejection, and venting were designed for
the positioning sleeve injection mould. In the gating system, an integrated "pin-point gate with valve-gated hot runner" gating config-
uration was employed to achieve uniform melt filling while prevent melt backflow. The combination of parting-line clearances with
fixed mould vent grooves was used in the venting system for effective cavity air evacuating. The above systematic mould design
approach significantly enhances the success rate of the positioning sleeve mould development.

Keywords : fruit tree grafting ; injection molding process optimization ; mold flow analysis ; injection mould ; biodegrad-

able materials
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Tab.1 Main mechanical properties of PLA/PBAT alloy material

Il I}
10 000 100 000

Mechanical properties Values
Density/(g+cm ™) 1.2
Tensile modulus/GPa 2.5
Poisson's ratio 0.45
Tensile strength/MPa 54
Elongation at break/% 5
Shear strength/MPa 0.5

®2 PLA/PBATEE&WMRIEEFVIEZSY
Tab.2 Main injection molding parameters of PLA/PBAT

alloy material

Parameters Values
Mould temperature/°C 50

Injection pressure at thick wall thickness/MPa 70~80
Injection pressure at thin wall thickness/MPa 80~100
Injection speed/(mm-s™") 20~100

Holding pressure/MPa 50~70

Holding time/s 5~12

Cooling time/s 10~25
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Tab.3 Experimental design plan of cooling analysis simulation

Experiment Cooling water Cooling  Cooling medium

number channel diameter/mm cycle time/s  temperature/°C
Control group 10 30 25
Experiment 1 12 30 25
Experiment 2 10 35 25
Experiment 3 10 30 20
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Fig. 5 Experimental results of cooling analysis simulation
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Tab.4 Data of experimental results of cooling analysis simulation

Maximum cavity Minimum cavity =~ Average cavity

Experiment
surface tempera-  surface tempera-  surface temper-
number
ture/°C ture/°C ature/°C
Control 95.636 0 42.1379 58.968 3
group
Experiment 1 94.966 9 41.1199 57.893 6
Experiment 2 92.797 0 413116 574293
Experiment 3 89.366 1 33.1317 50.969 1
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Fig. 10 Results of warping analysis
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Fig. 12 Mould gating System
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(b) 2D cross-sectional view of mould (Front view)
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(c) 2D cross-sectional view of mould (Left side view)

(d) 2D cross-sectional view of mould (Right side view)

1—Moving mould base plate ; 2—Ejector base plate ; 3—Ejector plate ; 4—Hexagon socket head cap screw M12; 5—Spacer block ; 6—Moving mould
plate; 7—Core; 8—Cavity ; 9—Fixed mould plate; 10—Runner stripper plate; 11—Fixed mould base plate; 12—Hexagon socket head cap screw M6;
13—Locating ring; 14—Sprue bushing; 15—Hexagon socket head cap screw M5 ; 16—Shoulder screw M20; 17—Quick coupling; 18—Sealing ring;
19—Hexagon socket head cap screw M16;20—Support pillar;21—Ejector guide bushing;22—Ejector guide pillar;23—Slide wear plate;
24—Clamp plate; 25—Angle pin;26—Primary slider;27—Slider lifter; 28—Secondary slider; 29—Slider lock ; 30—Slider spring;31—Stop pin;
32—Spring; 33—Return pin; 34—Guide pin; 35—Guide bushing; 36—Pull rod ; 37—Mould lock ; 38—Ejector pin;39—Limit pillar
K16 BEH SR

Fig. 16 General assembly diagram of mould
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