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Injection Molding of Plastic Cooling Fan
Blades:

Filling Balance, Weld-Line Strength, and
Warpage Control

Process-focused guidance for stable filling, reliable blade roots, and repeatable geometry

Scope. Cooling fan blades combine thin flow sections, curved surfaces, blade roots, and a central hub. During injection
molding, the melt must fill these features before flow fronts freeze, trapped gas must escape, and packing and cooling must
control shrinkage without distorting the rotating geometry.

A part may look complete yet contain a weak weld line. A blade may leave the mold with acceptable dimensions and change
shape as residual stress relaxes. Reliable production therefore connects the observed defect to the flow pattern, material
condition. mold state. packina response. coolina balance. and validation results.

Process principle: treat filling, weld-line formation, packing, and cooling as connected stages. Correct the
dominant cause using measured evidence rather than changing several settings at once.

The three process questions

What must be controlled Possible failure evidence

Filling balance Flow progression through hub, blade roots, and thin sections; ' Short shots, hesitation, burn marks, variable weld-line
air evacuation; repeatable fill pattern. location.

Weld-line strength Flow-front temperature and pressure at contact; gas and Weak blade roots, visible seams, brittle separation.
contamination at the meeting point.

Warpage Directional shrinkage, packing balance, cooling symmetry, Blade twist, tip displacement, hub distortion, vibration
ejection timing, post-mold change. or balance issues.

This document focuses on injection-process control. Gate layout, venting, blade geometry, and material grade are treated
as boundary conditions to review when process adjustment alone cannot resolve a defect.
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1. Filling Balance: Read the Flow Pattern First

A fan blade does not fill like a simple flat plaque. The hub and blade roots may create locally thick regions, while the blades
are relatively thin and cool quickly. Depending on the gate and runner layout, melt may split around the hub or travel
through separate blade channels before meeting downstream. Unequal flow resistance can make some regions fill early
while others hesitate or freeze off.

Why filling becomes unbalanced

¢ A restrictive gate or runner creates a pressure drop before the melt reaches the blade channels.

« Different flow resistance makes some blades fill earlier than others.

« Air trapped near blade tips or the ends of flow paths can resist filling and create burn marks or short shots.

* High injection speed can maintain melt-front temperature, but may also increase shear or compress gas where venting is
poor.

e Low melt or mold temperature shortens available flow time; raising temperature without checking grade limits and
residence time may cause degradation or dimensional side effects.

Use a staged short-shot study

Produce progressively fuller shots under a documented setup and compare where the melt front reaches each blade
channel, root, and hub region. The purpose is to locate hesitation or premature freeze-off—not to accept incomplete parts
as production output. Keep material, mold temperature, and other settings stable during the comparison.

One blade channel lags Flow resistance, runner/gate balance, local cooling Compare gate condition, local section, cavity
difference. temperatures.
Flow stops at a thin blade Freeze-off, excessive pressure loss, insufficient fill time. Check grade-specific processing window, speed

profile, gate restriction.

Burn mark at last-fill region Trapped air or excessive gas compression. Inspect vent position and cleanliness; confirm
flow-front arrival.

Cavities fill differently Cavity balance, venting, or temperature variation. Collect cavity-specific evidence before a global
setting change.

The velocity-to-pressure transfer point should be based on a stable fill pattern, then checked against part weight, flash,
cavity-pressure data if available, and repeatability. Transferring too early may leave thin sections underfilled; transferring
too late can create pressure spikes or flash. The correct point is tool- and material-specific.
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2. Weld-Line Formation and Blade-Root Strength

A weld line forms when two melt fronts meet after splitting around a feature or travelling through separate channels. The
interface may be weaker than the surrounding material if the fronts are cool, local pressure is insufficient, gas is trapped, or
the material condition is poor. The line deserves particular attention when it crosses a blade root, where loads transfer from
the blade into the hub.

A visible line is not automatically a structural failure, and a clean-looking surface does not prove adequate strength.
Weld-line location, local stress, material system, and the actual component requirement must be evaluated together.

Process factors affecting weld-line quality

Melt-front temperature Cool fronts may not fuse adequately. Verify grade-specific temperature window, residence time,
and flow speed.

Mold-surface temperature Early skin freeze can reduce interfacial healing. Check temperature stability near the weld region, not only
the machine setpoint.
Injection-speed profile Slow fill can cool the front; excessive speed may create Use a controlled profile and compare actual flow evidence.
shear or gas-related defects.
Venting Trapped gas can interfere with contact or create burn Inspect vents at the last-fill region and keep them
marks. functional.
Packing and transfer Pressure history affects consolidation but cannot repair = Confirm transfer, packing response, gate freeze, and
a frozen or contaminated interface. part-weight stability.
Material condition Moisture, degradation, contamination, and fiber Follow the specific grade's drying and handling
orientation affect appearance and strength. requirements.

What to change first
* Confirm the actual weld-line location on molded samples rather than inferring it only from CAD.
¢ Check venting and contamination before increasing temperature or pressure.
* Adjust fill speed or temperature only within the resin supplier's approved processing window; change one variable at a time.

« |f the weld line remains in a critical root after process stabilization, review the gate/flow layout or local geometry. This may
reatiire mold or nart-desian work rather than another machine-settina chanae

Visual inspection alone cannot establish weld-line strength. Where the blade root is structurally critical, use
an appropriate mechanical or component-level test, and record the failure mode and sample conditions.
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3. Warpage: Separate Shrinkage, Cooling, and Ejection Effects

Warpage results from non-uniform shrinkage or residual stress. On a cooling fan, blade twist can affect aerodynamic
behavior, while hub distortion can affect mounting and rotational performance. Acceptance limits must come from the
product drawing and fan-system requirements.

Common process mechanisms
* Uneven cooling: one region remains hot longer and continues shrinking after another region becomes rigid.
¢ Uneven packing: differences in pressure transmission or gate freeze produce different local density and shrinkage.
* Fiber-orientation effects: reinforced grades may shrink differently along and across the flow direction.
¢ Premature or uneven ejection: a warm or poorly supported part can deform under ejector, robot, or handling forces.
* Post-mold change: conditioning, temperature exposure, or residual-stress relaxation can change dimensions after initial

inspection.

Observed pattern Possible mechanism Evidence to collect

Blade tips bend in a similar Directional shrinkage, asymmetric cooling, Map tip displacement by blade; compare temperatures

direction flow-induced orientation. and flow direction.

Hub or mounting face dishes Packing imbalance, thick/thin transition, uneven hub = Measure face flatness and part weight; review gate
cooling. freeze and cooling.

Part changes shape after ejection Residual stress, conditioning, temperature/moisture | Standardize measurement timing; compare
response. before/after conditioning.

One cavity shows recurring error Cavity-specific cooling, venting, or tool variation. Keep cavity identity with every measurement.

Warp varies cycle to cycle Unstable process window, material condition, Trend process data, part weight, cycle time, and
ejection or measurement variation. measurement timing.

A practical adjustment sequence

First confirm that measurement method and part condition are consistent. Then compare cooling symmetry, packing
response, gate freeze behavior, and ejection timing. Change only the factor supported by evidence. Higher packing
pressure may improve one local shrinkage issue while increasing stress, flash, or distortion elsewhere; longer cooling may
stabilize ejection but cannot correct an inherently unbalanced cooling layout.

For a fan whose function depends on operating speed or temperature, room-temperature dimensional inspection may need
to be supplemented by the specified functional checks. Do not chase a single measurement without considering the
intended operating condition.
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4. Production Troubleshooting and Process Window

When a defect appears, preserve affected samples and process records before making adjustments. Record material grade
and lot, drying/handling status where relevant, cavity number, machine, mold temperature, fill profile, transfer point,
packing profile, cooling time, cycle time, and exact defect location. This context helps distinguish a real correction from
random variation.

Short shot at blade tip Short-shot progression, gate/runner restriction, local cooling, Increasing pressure and temperature together
venting, fill-time stability. without locating the restriction.

Weld line at root Flow-front location, vent condition, temperature stability, fill profile, Assuming it is harmless or that higher pack
material condition. pressure will fix it.

Burn mark at last fill Vent blockage, trapped gas, local compression, end-of-fill speed. Reducing speed without checking gas

evacuation.

Blade twist or tip Cooling, packing distribution, fiber orientation, ejection and Repeated packing changes without tracking

displacement measurement timing. shape and part weight.

Cavity-to-cavity variation Runner balance, cavity temperature, venting, cavity dimensions A global change that helps one cavity but
and part weight. worsens another.

Strength varies despite similar Material condition, weld-line location, process records, mechanical = Using appearance as a substitute for strength
appearance validation. testing.

Keep the process window evidence-based

A stable process window is the range over which parts repeatedly meet acceptance criteria—not merely the range in which
the machine can run. Establish it with controlled trials around relevant factors such as fill profile, transfer point, packing
response, mold temperature, and cooling time. Avoid changing every factor together, or the cause of improvement and
deterioration will remain unclear.

For reinforced nylon and other moisture-sensitive engineering plastics, follow the selected grade's drying, handling,
melt-temperature, mold-temperature, and residence-time requirements. Do not copy generic settings from another resin or
fan design. A recipe is transferable only after grade, tool, machine, geometry, and quality requirements are shown to be
comparable.

Likely source Bamples ___________________Jacten

Machine/process Unstable fill profile, transfer variation, inconsistent cooling or Stabilize and verify using logged data.
material condition.

Mold Restricted gate, poor venting, unbalanced cooling, cavity variation. | Review tool condition and flow/cooling
behavior.
Part design / flow layout Weld line in a critical root, severe thin-section restriction, geometry = Review gate concept or local geometry if
driving imbalance. process tuning is insufficient.
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5. Validation: Prove the Part, Not Just the Setting

A documented machine setting does not prove that a fan blade is acceptable. Validation should connect process records to
molded-part quality and the fan's functional requirements. The test plan depends on the actual configuration and
application.

Fill-pattern study Confirm flow sequence, hesitation, trapped-air regions, and Shot sequence, cavity identity, defect map,
weld-line location. approved setup.
Part-weight/process trend Check filling and packing repeatability over time. Part weight by cavity, cycle data, transfer and
packing records.
Dimensional inspection Measure blade tip position, hub interfaces, and specified Datums, method, conditioning, cavity and
runout/flatness. sample identity.
Weld-line assessment Determine whether critical regions meet functional requirements. Specified mechanical/component test, failure
mode, sample plan.
Rotational/functional test Check assembled fan under defined operating conditions. Specified speed, duration, environment,
vibration/noise or balance criteria.
Environmental conditioning Assess whether relevant exposure changes dimensions or Defined profile, pre/post measurements,
function. functional result.
Production capability review Confirm repeatability across cavities and production time. Representative data, cavity tracking,

measurement-system suitability.
Acceptance limits must come from the product drawing, customer specification, fan-system requirements, and agreed
validation plan. Do not invent a universal blade-tip tolerance, weld-line strength, rotational speed, vibration limit, or test
duration.

Related Techlnherit resources

The existing Plastic Materials for Cooling Fans: Material Selection and Injection Molding Guide covers broader
material-selection and molding considerations. This document has a narrower scope: filling behavior, weld-line strength,
and warpage control. See also Low Warpage Injection Molded Parts, Precision Injection Molding, and the Technical
Documents library.

Conclusion

Reliable cooling fan blades require a repeatable melt-flow pattern, adequate fusion where fronts meet, and balanced
packing and cooling so the molded geometry remains within specification. Effective correction begins with the observed
defect and process evidence. Machine settings, mold condition, material condition, and part geometry must be evaluated as
a connected svstem. while the root cause is assianed to the correct laver.

Engineering takeaway: map the flow, locate the defect, verify material and tool conditions, change one
justified factor at a time, and confirm the result through dimensional and functional validation.
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