EV Charging Gun Injection Molding Defect Analysis and
Optimization Strategies

1. Introduction

Electric vehicle (EV) charging guns are critical components in the EV ecosystem,
requiring high durability, electrical safety, and environmental resistance. Injection
molding is the primary manufacturing process for the housing and internal
structural components of these charging guns. However, defects during molding can
compromise product integrity, safety, and performance. This report provides a
comprehensive analysis of common injection molding defects specific to EV charging
gun components and outlines actionable optimization strategies to mitigate these
issues.

2. Common Injection Molding Defects in EV Charging Guns

2.1 Short Shots

Short shots occur when the molten plastic fails to completely fill the mold cavity,
resulting in incomplete parts. In EV charging gun housings, this can lead to
structural weaknesses, compromised IP ratings, and potential electrical exposure.

Primary Causes: - Insufficient injection pressure or speed - Low melt or mold
temperature - Inadequate venting causing air traps - Poor material flowability

2.2 Warpage

Warpage refers to the unwanted deformation of the part after ejection from the
mold. For charging gun components, even minor warpage can misalign internal
electrical contacts or prevent proper sealing.

Primary Causes: - Uneven cooling due to non-uniform wall thickness - Residual
internal stresses from high injection pressure - Anisotropic shrinkage in fiber-
reinforced materials - Insufficient packing pressure or time

2.3 Sink Marks

Sink marks are localized depressions on the surface, typically occurring in thick
sections or near ribs and bosses. In charging gun housings, sink marks can create
moisture ingress points and reduce aesthetic quality.

Primary Causes: - Excessive wall thickness in localized areas - Insufficient packing
pressure or holding time - High shrinkage rate of the base material - Poor gate
location relative to thick sections

2.4 Weld Lines

Weld lines form when two flow fronts meet but fail to bond completely. In charging
gun components, weld lines can significantly reduce mechanical strength and create
pathways for water or dust penetration.

Primary Causes: - Multiple gates or complex geometry causing flow convergence -
Low melt temperature reducing molecular entanglement - Presence of mold release
agents or contaminants - Insufficient venting at the weld line location



2.5 Flash

Flash is excess material that escapes the parting line or ejector pins, creating thin
fins on the finished part. For EV charging guns, flash can interfere with assembly,
compromise sealing surfaces, and pose safety hazards.

Primary Causes: - Excessive injection pressure or clamp force deficiency - Worn or
damaged mold parting surfaces - Insufficient mold clamping tonnage - Material
viscosity too low for the current process window

3. Root Cause Analysis Framework

3.1 Material Factors
Moisture Content: Hygroscopic engineering plastics (e.g., PA66, PBT) must be
dried to <0.02% moisture to prevent hydrolysis and surface defects.
Regrind Ratio: Excessive regrind (>25%) can degrade mechanical properties and
alter flow characteristics.
Additive Compatibility: Flame retardants and UV stabilizers must be compatible
with the base resin to avoid phase separation or blooming.

3.2 Mold Design Considerations
Gate Design: Submarine or pin-point gates are preferred for cosmetic surfaces;
fan gates improve flow for structural ribs.
Cooling Channel Layout: Conformal cooling or baffles should be used to ensure
uniform temperature distribution, especially around thick sections.
Venting Strategy: Vent depth of 0.02-0.05 mm for most engineering plastics; vent
land length <1.5 mm to prevent flash.
Draft Angles: Minimum 0.5°-1° per side to prevent ejection damage and reduce
warpage.

3.3 Process Parameter Optimization
Melt Temperature: Must be within the material’ s recommended range; too low
causes short shots, too high causes degradation.
Injection Speed: Profiled speed control is essential—fast fill for thin sections,
controlled speed near weld lines to promote bonding.
Packing Pressure & Time: Should be optimized via PVT analysis to compensate
for shrinkage without overpacking.
Cooling Time: Must be sufficient to achieve ejection rigidity; typically 1-2
seconds per mm of wall thickness.

4. Optimization Strategies

4.1 Material Handling & Preprocessing
Implement automated drying systems with dew point monitoring (<—40°C).
Establish strict regrind protocols with real-time blending ratio control.
Conduct regular material lot testing for MFI, moisture, and thermal stability.

4.2 Mold Design Enhancements
Apply CAE flow simulation (e.g., Moldflow) during design phase to predict weld
lines, air traps, and shrinkage.



Use conformal cooling via 3D-printed mold inserts for complex geometries.
Incorporate sequential valve gating to eliminate weld lines in critical sealing
areas.

Design for uniform wall thickness; use coring or rib redesign to reduce thick
sections.

4.3 Process Control & Monitoring
Adopt scientific molding principles: decoupled molding with independent fill and
pack phases.
Implement in-cavity pressure sensors for real-time packing optimization.
Use closed-loop process control with adaptive parameter adjustment based on
sensor feedback.
Establish process windows via Design of Experiments (DOE) to ensure robustness
against material and environmental variations.

4.4 Quality Assurance & Validation
- Integrate inline vision systems for 100% defect detection (flash, short shots, sink
marks).
Perform CT scanning for internal void and weld line validation on first articles.
Conduct IP67/IP68 leak testing on 100% of production units.
Implement statistical process control (SPC) on critical dimensions with Cpk =
1.33.

5. Validation Through Simulation & Physical Testing

5.1 Simulation-Driven Optimization
Flow Analysis: Identify optimal gate locations, predict weld line positions, and
optimize runner balance.
Cooling Analysis: Evaluate temperature uniformity and predict warpage
magnitude before mold fabrication.
Shrinkage Prediction: Use anisotropic shrinkage models to adjust mold
dimensions proactively.

5.2 Physical Validation Protocol
First Article Inspection (FAI): Full dimensional and functional verification per
GD&T specifications.
Process Capability Study: Minimum 30 consecutive shots to establish baseline
Cpk.
Accelerated Life Testing: Thermal cycling (-40°C to +85°C) and humidity exposure
(85°C/85% RH for 1000 hrs) to validate long-term performance.
Mechanical Testing: Tensile, impact, and creep testing on molded coupons to
verify material integrity post-molding.

6. Conclusion

Defect prevention in EV charging gun injection molding requires a holistic approach
integrating material science, mold design, process engineering, and quality
assurance. By systematically addressing root causes through simulation-guided
design, scientific molding principles, and rigorous validation, manufacturers can



achieve high-yield, defect-free production. Continuous monitoring and iterative
optimization ensure sustained quality as EV charging standards and component
requirements evolve.
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