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1. Introduction

As one of the most widely used forming processes, injection molding heavily depends on
design quality, which directly influences cost, surface finish, and long-term durability. However,
multiple global studies indicate that up to 70% of injection molding defects originate from the
design phase. This implies that the majority of manufacturing issues stem from hidden flaws

established before production begins.

This guide outlines the essential knowledge required to design injection-molded parts that
are functional, manufacturable, and cost-effective. It examines the most common design-stage
errors, their root causes, and the engineering principles necessary to prevent them. The

following key topics are covered:

% Wall Thickness Variation

W Draft Angle

% Radii and Stress Concentrations
% Rib Optimization

% Boss Design

Professional and standardized injection molding workshop
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For each category, we analyze the formation

mechanisms and typical failure modes, while
offering practical optimization strategies

commonly applied by First Mold’s engineering

team. The objective is to establish a systematic
and reusable framework for injection-molded
part design, further extending into material
selection, DFM (Design for Manufacturing)
collaboration, digital simulation, and cost

optimization.

While this guide provides general best practices,
every injection-molded part has its own
geometric, material, and performance
requirements. When you request a quote from
First Mold, our engineering team will review your
model and provide DFM feedback customized to
your part, material, and manufacturing

requirements.

Customized Optimization Recommendations
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Provide best practice solutions
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2. Common Design Errors

This chapter systematically summarizes five categories of the most common injection
molding design errors, explaining their root causes and potential risks. These errors are
prevalent across virtually all industries, including consumer electronics, automotive, home
appliances, medical devices, instrumentation, and industrial components. Designers must

prioritize addressing these issues during DFM (Design for Manufacturability) reviews.

2.1 Wall Thickness Variation

2.1.1 Overview

Wall thickness is one of the most critical parameters in the design of plastic parts
manufactured by injection molding. This term refers to the thickness of the walls that form
the geometry of a part, and its correct definition is essential for both the functionality of the

component and the efficiency of the molding process.

2.1.2 Influencing Factors

a. Material flow characteristics

Flowability is a primary determinant of feasible wall thickness. Low-flow materials require
increased thickness to ensure proper filling. Semicrystalline resins such as PE and PP may
exhibit incomplete crystallization when wall thickness is too thin and excessive shrinkage
when wall thickness is too thick. Brittle materials like PMMA require carefully controlled wall

thickness to avoid cracking.

b. Part geometry and structural complexity

Deep cavities, narrow slots, and intricate structures impose limits on minimum wall thickness
and may require locally increased thickness to ensure moldability. Load-bearing or impact-
resistant regions typically require thicker sections, while non-critical areas may be thinned.
Maintaining uniform thickness across transitions is crucial to avoid warpage, sink marks, and

internal stresses.
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c. Surface finishing and appearance needs

Parts requiring painting, electroplating, or high-gloss or textured finishes must retain
sufficient thickness to prevent deformation during post-processing. Thin sections may not

reproduce fine mold textures or high-gloss surfaces reliably due to insufficient melt replication.

d. Assembly and fit requirements

Wall thickness must match the dimensional precision required for mating components.
Features such as snaps, threads, and engagement bosses need enough material to provide
mechanical strength and ensure durability. For insert-molded components, adequate

thickness must be maintained around inserts to ensure stability and prevent cracking.

Optimal thickness: Too thin: Too thick:
1.0mm-4.0mm insufficient strength shrinkage rate

Figure 1. Comparison of Optimal and Improper Wall Thickness

2.1.3 Common Issues
a. Thickness too thin, leading to low strength, high flow resistance, and potential short shots.

b. Excessive or uneven thickness, causing sink marks, depressions, warpage, increased

material consumption, and longer cooling times.

¢. Abrupt wall-thickness transitions should be avoided because they can cause local
shrinkage variation, deformation, and surface defects. Ideally, wall thickness should remain

uniform across each cross-section. Where wall thickness changes are unavoidable, transitions
should be gradual.
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Uniform

Non-Uniform
Wall Thickness

2.1.4 Design Principles

a. Uniformity

Figure 2. Uniform vs. Non-Uniform Wall Thickness

Maintain consistent wall thickness wherever possible. When variation is necessary, use

gradual tapers or filleted transitions. Thickness differences should generally remain within 25%

of the nominal wall thickness to minimize uneven shrinkage, internal stress, and deformation.

b. Minimum wall thickness

Use the minimum thickness that satisfies functional and strength requirements. Thinner walls

reduce cooling time, material usage, and cycle cost. However, walls should not be excessively

thin, which could lead to incomplete filling, short shots, or ejector-pin marks.

c. Material-based selection

Wall thickness should be tailored to the resin’s flowability, shrink rate, and mechanical

properties. High-flow materials (e.g., PA, PE, PP) allow thinner walls, while low-flow materials

(e.g., PC, PVC) require thicker sections to ensure proper filling and structural integrity.
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d. Environmental considerations

For parts exposed to high loads, elevated temperatures, moisture, or harsh operating
environments, increased wall thickness may be necessary to enhance durability. Conversely,
weight- or cost-sensitive applications should minimize thickness while meeting performance

targets.

Table 1. Recommended Wall Thickness Ranges for Common Materials

V. Minimum Wall Small Part Wall Medium Part Wall Large Part Wall
Thickness (mm) | Thickness (mm) | Thickness (mm) Thickness (mm)

ABS 0.6-0.8 1.0-1.5 1.5-2.2 2.2-3.2

PC 0.6-0.9 0.8-1.8 1.8-2.3 2.3-4.5

PMMA 0.6-0.8 0.8-1.5 1.5-2.2 2.2-6.5

PA 0.4-0.6 0.7-1.5 1.5-2.4 2.4-3.2

PP 0.6-0.8 1.2-1.7 1.7-2.4 2.4-3.2

PE 0.6-0.8 1.2-1.6 1.6-2.4 2.4-3.2

POM 0.8-1.0 1.0-1.6 1.6-2.4 2.4-5.4
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2.2 Draft Angle

2.2.1 Overview

Draft angle is essential in injection molding to ensure smooth ejection, prevent surface
damage, and reduce stress on the mold. Insufficient draft often leads to sticking, scratches,
and dimensional distortion. Despite its importance, many cosmetic or high-appearance parts
often overlook the practical demolding requirements of injection molding to achieve a clean

aesthetic.

Draft angle

/'II'\

T Parting surface
e

<! |~ Draft angle

Figure 3. Draft Angle lllustration

2.2.2 Influencing Factors

a. Material Properties

Different plastics exhibit distinct shrinkage behavior, surface hardness, and melt flow
characteristics, which directly influence draft angle requirements. Materials with higher
shrinkage rates or increased surface abrasion typically require larger draft angles to ensure
smooth ejection and prevent surface damage. Glass fiber-reinforced materials generally

demand additional draft due to increased friction and tool wear during demolding.

b. Part Geometry

Part depth, height, wall thickness, and the presence of ribs or complex shapes directly affect
draft needs. Deep or thick-walled regions require greater draft, while reinforcing ribs and

flanges typically require 0.5°-1.5° to ensure smooth ejection.
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c. Surface Finishes

Textured, etched, or sandblasted surfaces require increased draft to compensate for texture

depth. Typical values range from 2°-5°, depending on texture type and roughness.

d. Assembly Requirements

Draft angles must support, rather than interfere with, assembly functionality. Mating
components, sliding interfaces, and motion-based designs may require refined draft

adjustments to maintain fit and positional accuracy.

2.2.3 Common Issues

a. Missing or insufficient draft (e.g., <0.5°), resulting in parts sticking to the mold, causing

ejection difficulty, surface scuffing, deformation, or mold jamming.

b. Excessive draft (e.g., >5°), which may exceed design tolerances, compromise dimensional

accuracy, or cause the part to tilt or deform during ejection.

c. Incorrect draft direction, where draft orientation does not align with the true ejection path
or is inconsistently applied across surfaces, increasing localized resistance and preventing

smooth part release.

Negative Yt g Positive
Draft Angle ! : | Draft Angle

a |

\

Poor Challenging Ideal

Figure 4. Correct vs. Incorrect Draft Angle
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2.2.4 Design Principles

a. A draft angle of 1°-2° per side is generally recommended unless otherwise specified.

b. Higher-shrink materials require larger draft angles.

c. Areas requiring tight dimensional accuracy may use smaller draft angles, provided

moldability is not compromised.

d. Draft on the core side is typically smaller than on the cavity side to facilitate part retention

and ejection.

e. Thicker sections may increase ejection resistance and may therefore require larger draft

angles.

f. Textured or engraved surfaces require larger draft angles because texture depth directly

influences the required draft.

g. Glass fiber-reinforced materials should use larger draft angles to reduce tool wear and

ejection force.

h. Draft size and direction must not negatively affect functional requirements.

Il. In certain functional areas, draft may be intentionally omitted. However, this typically
requires side actions or core-pulling mechanisms, resulting in more complex mold designs

and increased tooling costs.

J. Where functional and aesthetic

External draft Internal draft

—»|d |-

requirements permit, draft angles should be

maximized. Smaller drafts increase the P4

20
likelihood of surface scuffing during ejection

and may require higher polishing levels or

N . auilE:
more complex ejection systems, ultimately s
raising mold and production costs. Increase Add orsubtract Reduce
thickness thickness thickness

Figure 5. Design of Draft Angle Dimensions
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Table 2. Recommended Draft Angles for Common Materials

Material Core Side Draft (°) Cavity Side Draft (°)
ABS 0.5°-1.0° 0.5°-1.5°

PS (GPPS) 0.5°-1.0° 0.5°-1.5°

PC 0.5°-1.0° 0.5°-1.5°

PP 0.5°-1.0° 0.5°-1.5°

PE (HDPE/LDPE) 0.5°-1.5° 0.5°-1.5°
PMMA 1.0°-2.0° 1.0°-2.0°

POM 0.5°-1.5° 0.5°-1.5°

PA (Nylon) 1.0°-2.0° 1.0°-2.0°
PVC-U (Rigid PVC) 1.0°-2.0° 1.0°-2.0°
PVC-P (Plasticized PVC) 0.5°-1.0° 0.5°-1.0°
CPVC 0.5°-1.5° D5 —1.5°

Ribs Typical: 0.5°-1.0° (Minimum: 0.25°)

Deep Ribs 1.0°-1.5°

Lattice / Grid Structures 4.0°-5.0°

Textured surfaces 4.0°-6.0° (Minimum: 2.0° depending on texture depth)
External Cosmetic Surfaces 1.0°-3.0°

Transparent / Optical Parts 2 2.0°-2.5°
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2.2.5 Draft Angle Calculation

Draft angle can be estimated based on permissible wall thickness reduction across the vertical
height:
X

tanB= P

Where:

® X = permissible wall reduction along the height (mm)

® h = height of the drafted surface (mm)

S .
L

Final draft selection must consider appearance,

—
o

A- Draft (mm)

assembly requirements, and mold structure.

High-gloss or critical assembly surfaces may

require minimized draft, while internal or

non-critical surfaces can adopt larger angle. In

practice, draft suitability should be validated

S——

through initial trial molding before full-scale

o 7 125 150 175 i
TR g0 @ Wi el production.

Figure 6. Design of Draft Angle Dimensions

2.3 Radii and Stress Concentrations

2.3.1 Overview

In plastic part design, sharp corners, right angles, and notches should be avoided at wall
intersections, along melt-flow paths, and at junctions between walls and ribs, clips, or bosses.
These features must be replaced with rounded transitions, as proper corner radii are a
fundamental requirement for injection-molded part design. Sharp corners disrupt melt flow,
create stress concentrations, and significantly increase the risk of cracking and fatigue, making

them critical issues that should be addressed early in structural design.
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Example: Snap-Fit Rounded Corner Design

As shown in Figure 7, the stress concentration factor decreases as the ratio of fillet radius (R)
to snap-fit tip thickness (h) increases. This demonstrates that a larger fillet radius significantly

reduces stress concentration in snap-fit designs.

The stress concentration factor of the snap-fit (where a

higher factor indicates greater stress concentration) in

relation to the fillet radius and the thickness at the

snap-fit tip is shown in the figure below. It can be

observed that a larger fillet radius results in lower

stress concentration.

Stress concentration factor

R/h

Figure 7. Snap-Fit Rounded Corner

2.3.2 Influencing Factors

a. Design Oversight: Sharp corners often arise when designers overlook molding constraints
and directly apply CAD geometries without incorporating fillets or transitions suitable for

plastic flow.

b. Tooling Limitations: Manufacturing constraints, such as cutter geometry, EDM accuracy, or

insufficient polishing, may cause insufficient radii in the mold cavity.

c. Changes in processing conditions or material substitutions may prevent the intended fillet

from forming effectively in the final part.

h
A

R2=R1+t

The rounded The rounded

) ) Correct design
corners are too thin corners are too thick 9

Figure 8. Proper and Improper Rounded Corner Design
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2.3.3 Common Issues

a. Stress concentration may cause cracking. At sharp corners, the flow state of the plastic melt
changes abruptly, creating high localized stress that is difficult to relieve. Under long-term use

or external loading, cracks are likely to initiate at these corners.

(BiE} Falil(e)

Figure 9. Handle breakage

b. Demolding damage and accelerated tool wear. Sharp corners increase resistance during
ejection, leading to surface scratching, mold sticking, and localized stress on tooling
components. Over time, this accelerates mold wear, reduces tool life, and increases

maintenance and replacement costs.

Figure 10. Demolding damage

c. Flow disruption and molding defects. Sharp corners interrupt melt flow and may trap air
during filling, resulting in defects such as burn marks, voids, incomplete filling, or surface

imperfections.

@ www.firstmold.com EA First Mold Manufacturing Limited 7 +86 13925326660

1l


https://firstmold.com/
tel:+8613925326660

2.3.4 Design Principles

e Design optimization

During part design, a “no sharp corners” rule is recommended, ensuring all potential
stress-raising edges are replaced with filleted transitions. Internal fillets are generally
recommended at 0.25-0.5 x the wall thickness, while external fillets are typically around 1.5 x
the wall thickness. These values may be adjusted based on part function and material

characteristics.

e Tooling improvements

For molds that already contain sharp features, fillets may be added through tooling
modification, such as polishing, EDM rework, or CNC machining. At the same time, optimizing
gate placement and cooling layout can improve melt flow and further reduce stress

concentration around former sharp-corner regions.

e Process adjustments

During molding, adjusting parameters such as injection pressure, packing time, and mold
temperature can help improve filling and cooling behavior at critical areas. For example,
reducing injection speed allows the melt more time to flow smoothly around transitions,

lowering shear stress and minimizing stress concentration near sharp geometries.

Note: In some areas of plastic parts, such as parting lines or core-to-cavity shutoff surfaces, fillets cannot be applied and sharp
corners may be unavoidable.

Parting line

Parting line

Original design Optimized design

Figure 11. Parting Line Design
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2.4 Rib Optimization

2.4.1 Overview

Ribs are commonly used structural features in injection-molded parts to increase stiffness,
improve load-bearing capability, support alignment and assembly, or assist melt flow.
However, improper rib design related to geometry, dimensions, wall-thickness ratios, layout,
or inadequate draft often becomes a high-risk area that leads to molding defects, cosmetic

issues, or increased tooling complexity.

0

Recommended Rib Dimensions(mm)

Wall Thickness T

Rib Base Thickness t=0.6-1.0xT

Rib Height H<5xT

Fillet Radius t<R< 1.25xt
i Draft Angle 0=1°-3°

Figure 12. Injection Molding Ribs Design
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2.4.2 Common Issues

e Excessive Rib Thickness

Overly thick ribs create local mass accumulation, causing slow cooling and non-uniform
shrinkage. This typically leads to sink marks, surface depressions, or internal voids on the

opposite cosmetic surface.

< Wall thickness

T

Ribs

NG OK

Figure 13. Excessive Rib Thickness

e Excessive Rib Height

Tall ribs form deep, narrow cavities that inhibit smooth melt flow and increase flow resistance

at rib tips. The result is short shots, incomplete fill, or weak weld lines.

e Rib Density Too High

Dense rib layouts trap air and restrict melt distribution, forming enclosed pockets that lead to

burn marks, air entrapment, or localized short shots.

e Ribs Directly Behind Cosmetic Surfaces

Positioning ribs directly behind high-appearance areas increases effective wall thickness,

leading to sink marks, read-through, and visible surface distortion after cooling.
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v

Short shot Sink Marks Bubbles

Figure 14. Short shot,Sink Marks,Bubbles

2.4.3 Design Principles

a. Structural stiffness

® Avoid local thick sections where ribs meet the primary wall. Use coring or thinning to
maintain uniform thickness. Rib thickness should generally be limited to 50-60% of the
nominal wall, and rib height should not exceed 3x the wall thickness to balance stiffness
and moldability. Where possible, distribute stiffness using multiple lower ribs rather than a

single tall rib to reduce localized material buildup and minimize sink marks during cooling.

Original design Optimized design

Figure 15. Rib Design Optimization for Structural Stiffness
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® Select efficient rib profiles, such as rectangular or tapered ribs, to increase stiffness.

® Ribs should align with the primary load direction. For components subject to torsional

loading, diagonal ribs may be used to enhance structural performance.

Payload Payload

Original design Optimized design

Figure 16. Rib Alignment with the Load Direction

b. Appearance and Surface Quality

® For high-cosmetic surfaces, maintain

a rib-to-wall thickness ratio below
50% (e.g., for PC) to minimize

sink marks.

Original design Optimized design

Figure 17. Avoid excessive thickness in localized areas

Trapped air
and sink risk

® Apply fillets or chamfers at rib tips and

junctions to reduce trapped air and sink risk.
The root fillet radius should generally be
0.25-0.5% the wall thickness to avoid

excessive local thickening.

Original design Optimized design

Figure 18. Add a chamfer to the top of the stiffener
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c. Manufacturing Feasibility

® Ribs should incorporate 0.5°-1.5° draft to ensure smooth ejection without compromising rib

strength near the tip.

® Rib spacing should be at least 2x the nominal wall thickness to avoid tooling constraints

and ensure more uniform cooling.

® For complexrib networks, consider split inserts or flow leaders to reduce tooling complexity

and cost.

® Where possible, align rib orientation

with the melt flow direction to improve Melt flow direction —
filling behavior and reduce air traps

and internal stress. Original design

Optimized design

Figure 19. The direction of the reinforcing ribs aligns
with the flow direction of the plastic melt.

2.5 Boss Design

2.5.1 Overview

Bosses are structural features used for screw fastening, positioning, and localized load transfer.
From a molding perspective, bosses inherently combine high stress concentration and

localized material accumulation, making them one

of the most defect-prone features in
injection-molded parts. Without proper geometric
proportions, wall-thickness control, and structural
support, bosses commonly become initiation points
for sink marks, cracking, thread stripping,

and warpage.

Figure 20. Boss Design in Plastic Part
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2.5.2 Common Issues

a. Unsupported bosses

Bosses used without connection to side walls or supporting ribs lack structural stiffness and
behave as isolated flow features during molding. This reduces load-bearing capability and
disrupts melt flow at the boss base, increasing the risk of air traps, incomplete filling, and local

cracking under assembly loads.

Original design Optimized design

Figure 21. Connection between the pillar and the part wall

b. Improper dimensional ratios

® Boss outer diameter that is too large or too small relative to the nominal wall thickness fails
to balance strength and moldability. A typical guideline is that the boss wall thickness should
be 0.5 to 0.75 times the nominal wall thickness. Deviations from this range may result in

excessive material buildup, sink marks, or insufficient structural strength.

® Bosses with a height exceeding 3 x their outer diameter are prone to molding and ejection
issues. Tall bosses increase flow resistance and cooling imbalance, often leading to sink

marks, voids, or dimensional instability at the base and reduced strength at the top.

D

| C Not less than 4T | * Not less than 1mm
[

— B
o

|

Not greater
B than 3T

Figure 22. Proper Boss Height
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c. Poor placement

Bosses positioned too close to part edges or corners create local wall-thickness accumulation,
increasing the likelihood of sink marks, air entrapment, and cosmetic defects.
Placement within weld-line regions or stress concentration zones further reduces mechanical

reliability and may lead to cracking or thread failure during assembly or service.

d. Sharp transitions at the boss base

Bosses connected to the main wall without proper fillets or gradual transitions create stress
concentration and abrupt changes in melt flow. This condition increases the risk of cracking,

sink marks, and poor surface quality at the boss root.

e. Improper pilot hole sizing for screw fastening

When bosses are used for self-tapping screws, an incorrectly sized core hole can result in
insufficient thread engagement or excessive hoop stress. This often leads to thread stripping,

boss splitting, or premature failure during assembly.

2.5.3 Design Principles

a. Structural Stability

® Avoid isolated bosses: Bosses should be connected to side walls or supported by ribs to

improve stiffness and melt flow.

® Height limitation: The height of a standalone boss should not exceed 3x% it's diameter. When

greater height is required, ribs or triangular gussets should be added at the base to improve

bending and torsional resistance.

® Diameter proportion: Boss outer diameter should be designed in proportion to the nominal

wall thickness, typically 0.5-0.7%, and validated against the selected fastener and load

requirements.
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® Spacing requirements: Maintain a minimum distance of 1.5x the wall thickness or hole/boss

diameter from nearby edges or adjacent bosses.

b. Manufacturability

® Maintain uniform wall thickness. Boss wall thickness
should generally be 50-75% of the adjacent wall to avoid

excessive material accumulation and sink marks.

Figure 23. Wall Thickness of Bosses Boss

® Use filleted transitions. Apply fillets at the boss base
with a recommended radius of 0.25-0.5x% wall thickness
X v

to reduce stress concentration and improve melt flow.

Figure 24. Radius at Base of Hole in Boss

® Provide adequate draft. Use 0.5-1° draft on outer boss
walls and 0.25-0.5° on inner holes to ensure smooth
X v

ejection.

Figure 25. Minimum Draft for Boss OD

c. Assembly and Functional Performance

® Ensure dimensional compatibility. For screw fastening, the core hole diameter must match

the screw specification and provide sufficient thread engagement depth.

® Add lead-in features. Chamfers or lead-in features should be added at the boss entrance to

guide the screw and reduce initial stress.

® Add lead-in features. When possible,
bosses should not be located in predicted
weld-line regions or high-stress areas

to maintain structural reliability.

Figure 26. Spacing between Bosses Boss
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3. Optimization Guidelines

While the previous section examined five common injection-molding design errors, these
represent only part of the risks encountered in real projects. Many issues are more subtle and
often overlooked, such as improper gate placement, poorly planned hole or feature layouts,
or material selections that do not match the end-use environment. These problems typically
remain hidden until mold trials or mass production, leading to costly rework, schedule delays,

and, in severe cases, product failure in the market.

To avoid these outcomes, it is essential to establish a systematic optimization approach early
in the design phase to ensure manufacturability, stable performance, and cost control. Based
on this need, this chapter outlines a practical optimization framework across four key

dimensions.

3.1 Material Selection

Material choice fundamentally affects mechanical performance, manufacturability, durability,
aesthetics, and overall product cost. An effective selection process must balance structural

requirements, molding behavior, environmental exposure, and post-processing needs.

3.1.1 Mechanical and Structural Requirements

Material selection should begin with the part’s structural and load-bearing needs.

® Mechanical properties: Strength, stiffness, toughness, and wear resistance (e.g., gears

requiring high wear resistance may use POM or PA).

® Thermal properties: Operating temperature range and heat deflection temperature (HDT)

(e.g., under-hood automotive parts may use PPS or PEEK).

® Electrical properties: Insulation and dielectric strength (e.g., connectors may use PBT or LCP).

® Optical properties: Transparency and haze (e.g., lenses or light covers may use PC or PMMA).
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Table 3. Typical Processing Parameters and Shrinkage Ranges for Common Materials

Density Melt Mold Molding

(g/cm?3) Temperature (°C) | Temperature (°C) Shrinkage (%)
PP 0.82 250-270 50-75 1.0-2.5
HDPE 0582 180-240 30-70 1.5-3.0
LDPE 0.95 160-260 50-70 1.5-5.0
PS 1.05 180-280 20-60 0.3-0.6
PPO 1.06 250-300 80-100 0.5-0.7
ABS 1.06 210-275 50-90 0.4-0.7
PAG6 1.14 240-260 70-120 0.5-2.2
PA66 1.15 260-290 70-120 0.5-2.5
PMMA 1.18 210-240 50-70 0.1-0.8
PC 1.20 280-320 80-100 0.6-0.8
TPU 1.24 190-220 20-50 1.0-2.0
PBT 130 240-260 60-80 1.5-2.5
PET 1.37 260-290 80-140 1.2-2.0
PVC-P 138 170-200 15-50 0.5-2.5
PVC-U 1.38 180-210 30-50 0.4-0.8
POM 1.42 205-225 80-100 1.5-2.5
LCP 1.70 385-400 35-200 0.1-0.4

Note: The values listed above represent typical processing ranges used in injection molding and are intended for design
reference only. Actual material behavior may vary depending on resin grade, supplier, part geometry, and processing

conditions. Final material selection and parameter settings should be validated through supplier data sheets and molding trials.

3.1.2 Process Compatibility

The material must mold reliably within a stable processing window to minimize defects and

cycle time.

® Ensure adequate melt flow characteristics (MFI/MFR).

® For complex geometries, consider high-flow grades such as ABS, PP, or PC-ABS.
® For thin-wall parts, prioritize modified high-flow materials.

®

High-shrink materials (e.g., PA, PP) require mold compensation in cavity design.

ER First Mold Manufacturing Limited
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3.1.3 Environmental Exposure

Material selection must account for the environmental conditions the product will encounter.

® High-temperature applications: Use materials with high HDT or Tg (e.g., PEEK, PPS, LCP).

® [ow-temperature brittleness: Evaluate impact strength at low temperatures

(e.g., HDPE, PA12).

@ Outdoor exposure: Consider UV resistance and moisture stability (e.g., ASA, PC-ABS, PA+GF).

® Chemical environments: Match material to the chemicals involved (e.g.,, POM, PP, PBT)

3.1.4 Appearance and Surface Requirements

Cosmetic parts require materials that support high-quality surface finishes.

® For high-appearance parts, choose materials with good surface processability and low color
variation (e.g., ABS, PMMA).

® For transparent components: PC, PMMA.

e® For matte finishes: use dedicated matte grades or additive packages.

® Avoid materials prone to weld lines or flow marks in high-gloss areas.

3.1.5 Compliance and Sustainability Considerations

a. Regulatory Compliance

® Food contact: Materials must meet regional regulations (e.g., FDA 21 CFR, EU 10/2011).
@ Medical safety: Medical components require biocompatible materials (e.g., ISO 10993 series).

@ Flame retardancy: Consumer electronics and appliance housings may require UL94 V-0,

V-2, or HB.

& www.firstmold.com EA First Mold Manufacturing Limited 7> +86 13925326660

27


https://firstmold.com/
tel:+8613925326660

b. Sustainability

® Food contact: Materials must meet regional regulations (e.g., FDA 21 CFR, EU 10/2011).

® Use of recycled content: Consider PCR (post-consumer recycled) or PIR (post-industrial

recycled) grades where performance allows.

® Low carbon footprint: Evaluate bio-based materials or resins with lower embodied energy.
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Figure 27. Classification of Thermoplastics by Performance Level

Note: Avoid assuming materials within the same resin family behave identically—processing characteristics
can vary significantly between grades.

3.2 DFM Principles and Collaboration

3.2.1 Core Purpose of DFM

The core objective of injection-molding DFM is to ensure that a part can be reliably
mass-produced within feasible mold structures and a stable processing window, while still

meeting functional requirements. Effective DFM prevents repeated mold rework and process

adjustments later in the project.
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3.2.2 Fundamental DFM Principles

Key guidelines include maintaining uniform wall thickness, avoiding unnecessary side-actions
and deep ribs, applying fillets at sharp transitions, providing adequate draft for all
mold-opening directions, and designing ribs and bosses appropriately. These practices help

eliminate risks related to sink marks, warpage, and demolding difficulty at the structural level.

3.2.3 Front-Loaded DFM Collaboration

DFM collaboration should occur as early as possible in the design process.

® Involve tooling and process engineers during the concept or early 3D phase to review gate

locations, parting lines, ejector pin layout, and cooling accessibility.

® Establish shared DFM checklists, such as standard molding tolerances, minimum allowable
wall and rib thickness ratios, and permissible text or texture depths, so designers can

self-check before releasing drawings.

® For high-risk features such as long flow length or thin-wall sections, deep ribs, snap-fit
features, or insert overmolding, a formal DFM review should be conducted before design

freeze to document committed dimensions, acceptable risks, and mitigation plans.
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3.3 Simulation and Validation

3.3.1 Role of Digital Simulation

Digital simulation tools such as Autodesk and Moldflow Simulation are essential for reducing
mold-trial risks. They can identify potential issues, including short shots, air traps, weld lines,
excessive shear, and warpage, before tooling begins, while also providing quantitative
recommendations for gate placement, cooling layout, and process-window optimization.

Simulation is particularly critical for high-value tooling and geometrically complex components.

3.3.2 Requirements for Accurate Simulation

For micro-components, thin-wall parts, long-flow paths, or multi-cavity molds, accurate results
depend on sufficiently refined mesh quality and realistic boundary conditions. The complete
runner system must be modeled, including gates, runners, sprues, and hot runner elements.
Otherwise, simulation results may deviate significantly from actual filling pressure and fill time.

In such cases, small trial runs may be required to calibrate simulation models.

3.3.3 Closed-Loop Design Verification

Simulation should be integrated into a closed-loop validation process rather than used as a

one-time activity.

® After the first mold trial, record fill pressure,

weld line locations, actual warpage, and key 1
dimensional deviations. Compare these with

simulation output and, if necessary, refine

material data or process boundary conditions I

(e-g_’ mo | d te m p e rat u re’ me |t te m p = rat u re’ Measurement datum | With the coordinate axis | Deflection scale

as the reference

-

Total deflection | -1.5~1.6;

and cooling time) for a second round of

Specification: The graph shows the trend of product deformation in Y-axis. The deformation
value is for reference only.

calibrated simulation.

Figure 28. Mold Flow Analysis
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® For safety-critical or high-reliability components, such as medical or automotive parts, a
DOE-based validation strategy is recommended to systematically evaluate the process
window across both simulation and physical mold trials. Parameters including injection
speed, packing pressure and time, and mold temperature range should be assessed to

ensure process robustness across batches and equipment platforms.

Fill Time Fill Time

[ﬁ 0.5483([s] [ST 1.097(s]

2.193

2193

1.645 1.645

1007 1097 %5

05483 | UL 0.5483
l o

(/\ . -

0.0000 0.0000
AUTODESK ﬁg“ AUTODESK
MOLDFLOW INSIGHT Zoom (600 mm) -‘90 MOLDFLOW INSIGHT Zoom{(600 mm)
Fill Time Fill Time

[57 1.554[s] [ﬁ 2.193(s]

.2.193 T
| A G -

Figure 29. Mold Flow Analysis

Note: Simulation does not replace mold trials, but it can typically reduce trial iterations from five rounds
to one or two.

3.4 Cost Optimization

Cost optimization should begin in the early design phase rather than being addressed

reactively after pilot production.

3.4.1 Simplify the Part and Tooling Structure

Reducing the need for lifters, sliders, and secondary operations can significantly lower mold

fabrication costs.

3.4.2 Use Standard Mold Bases and Components

Adopting standardized mold bases and components, such as HASCO or DME systems,

improves interchangeability, reliability, and global sourcing efficiency.
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3.4.3 Reduce Wall Thickness and Material
Consumption

Where performance requirements allow, reducing nominal wall thickness directly shortens
cooling time and increases molding productivity. In many cases, cycle time improvements
of 10-40% are achievable.

3.4.4 Optimize Cooling System Design

Cooling typically accounts for 50-70% of the total molding cycle time, depending on wall
thickness and material thermal conductivity. Any improvement that reduces cooling time has

an almost linear impact on throughput and unit cost.

4. Design Review Checklist

To ensure that injection-molded products avoid structural defects from the earliest stages of
development, the following checklist consolidates key risk points validated through real

engineering cases. Each item should be reviewed and confirmed before design freeze.

Table 4. Injection Molding Design Review Checklist

1. Early-Stage Design Requirements
Are the product use environment, load conditions, and drop-test standards I:l
) clearly defined?
Functional and
Performance Are regulatory or safety certifications required (e.g., flame retardancy, electrical I:I
Requirements insulation)?
Are cosmetic requirements clearly specified (e.g., gloss, texture, sandblast finish, I:I
transparency)?
Does the selected material meet functional requirements (e.g., heat resistance, |:
Material impact strength, optical clarity)?
Selection
Has material shrinkage been considered when defining dimensional tolerances? |:|
Has material flowability been evaluated for geometry complexity? |:|
Cost and Can existing tooling components be reused to avoid new mold fabrication? |:|
Menfacturabiliby Has material cost and processing complexity been evaluated? |:
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2. Core Structural Design Verification

Does wall thickness fall within recommended ranges for the selected material?

Wall Thickness | Are wall-thickness transitions designed with gradual tapers or fillets?

Is rib thickness < 50% of the nominal wall thickness to minimize sink marks?

Is draft on smooth surfaces = 0.5°?

Draft Angle Is draft on textured surfaces = 3.0° (= 4.0° for deep textures)?

Is draft on insertion or interlocking features = 1.0°?

Are internal fillets defined as 0.25-0.5 x nominal wall thickness?
Is the outer radius equal to the inner radius plus wall thickness to maintain uniform section?

Radii and Stress
Concentration

Are hole edges chamfered or filleted to prevent stress cracking during molding?

Is rib height = 3 x wall thickness to avoid filling limitations?

Ribs and Support

Are tall ribs cored at the base to reduce sink (e.g., coring or “volcano” feature)?
Structures

Do large flat areas include anti-warping features (e.g., ribs or curvature)?

Does screw boss inner diameter match the specified fastener?

Boss and

Fastening Design Are high-load bosses supported with cross-ribs?

Are cosmetic-surface bosses designed with angled shutoffs to hide parting lines?

Is wall thickness around inserts = 1.5 mm to reduce cracking risk?

Insert Design Do inserts include anti-rotation features (e.g., knurling, grooves)?

Is a low-shrink, tough material selected when required (e.g., ABS instead of PS)?

3. Mold Design Collaboration

Parting Line and | Does the parting line avoid cosmetic surfaces or integrate as a styling feature?

Appearance Are parting-line steps replaced with chamfers to simplify trimming?

Is gate placement located away from cosmetic and assembly-critical areas?

Gating and Flow _ - - , ]
Have weld-line locations been evaluated to avoid load-bearing regions?

Ejection and Are ejector pin marks located on non-cosmetic surfaces?
Demolding Are deep-cavity areas supported with air assist or delayed ejection if required?
Special Do forced-demolding features meet dimensional limits?
Structures Do living hinges include fatigue-life allowance?

4. DFM | DFA Key Checks

Do snap-fits include lead-in chamfers (= 15°)?

Assembly Fit
Is clearance between screw bosses and enclosure walls 2 0.2 mm?

Are symmetrical parts designed with foolproof features?

Error-Proofing _ _ _ -
Are connector alignment posts differentiated in size?

. Is handheld area = 25 x 30 mm where applicable?
Ergonomics

Is fingernail pull depth 2 4 mm?

5. Validation and Continuous Optimization

Pre-Tooling Has draft analysis been completed?
Checks Has Moldflow simulation been performed where required?

Mold Trial Are sink marks addressed through rib optimization or surface texture adjustment?
Closure Is warpage mitigated through structural refinement or wall-thickness tuning?

Mass Production | Are critical dimensions defined with Cpk = 1.33?

N

Stability Are cosmetic inspection criteria documented?

Note: The above criteria reflect commonly accepted industry guidelines. Final design decisions should be validated based on specific material data,
tooling constraints, and application requirements.
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5. Conclusion

This article systematically analyzes five major categories of high-frequency structural design
errors and identifies a common root cause: the disconnect between design and manufacturing.
When engineers focus solely on function and appearance while neglecting material behavior,
mold constraints, and molding physics, even the most advanced equipment cannot

compensate for fundamental structural deficiencies.

Effective optimization is not achieved through repeated mold trials or post-tooling
adjustments. Instead, it requires early DFM collaboration, informed material selection, and
simulation-driven validation to identify and eliminate risks at the 3D model stage. This
approach represents a fundamental shift from a linear workflow of “design, then fix” toward

an integrated mindset where design inherently accounts for manufacturing constraints.

First Mold recommends:

W Designers continuously strengthen their fundamental mold knowledge and understand

the essence of shrinkage, flow, and cooling.

W Project managers involve mold and process engineers early, establishing structured

cross-functional reviews.

W Manufacturers adopt standardized DFM checklists and simulation workflows to build a

closed-loop knowledge system.

Only by unifying design, materials, tooling, and production can organizations evolve from
simply “making it work” to making it better, faster, and more cost-effective. This is not only a

technical goal but a critical pathway toward high-quality, high-efficiency manufacturing.
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