Plastic Gears for Food Packaging Machinery

Applications, Material Selection, and Injection Molding Challenges

1. Introduction to Plastic Gears for Food Packaging Machinery

Plastic gears are important transmission components in modern food packaging equipment. They
transfer motion between mechanical components, synchronize operating cycles, and support the
precise movement of packaging materials and products.

Compared with conventional metal gears, plastic gears can offer lower component weight, reduced
operating noise, corrosion resistance, and greater design flexibility. Injection molding also allows
complex gear geometries to be produced efficiently, making plastic gears suitable for equipment
manufactured in medium and high production volumes.

Typical applications include filling machines, sealing machines, labeling equipment, conveyor systems,
portioning machinery, and automated packaging lines.

However, plastic gears must satisfy more than basic dimensional requirements. Their performance
depends on the transmitted torque, rotational speed, operating temperature, lubrication conditions,
chemical exposure, and expected service life. For equipment operating in food production
environments, cleaning procedures and food contact requirements must also be considered.

Choosing a suitable material and establishing a stable molding process are essential to producing gears
that operate consistently under real production conditions.

2. Applications of Plastic Gears in Food Packaging Equipment

2.1 Filling and Dosing Machines

Filling and dosing machines use transmission systems to coordinate product delivery, container
positioning, valve movement, and other operating functions.

Plastic gears may be used in drive mechanisms, adjustment systems, and selected positioning
assemblies. In these applications, dimensional accuracy and consistent tooth geometry help maintain
repeatable machine operation.

Where gears transmit repeated loads, the material must provide sufficient stiffness, fatigue resistance,
and wear performance throughout the expected service life.

If a gear is located within a direct food contact zone, its material and finished-part design must meet the
applicable requirements for that use. A gear used only within an isolated drive assembly may be subject
to different requirements, depending on its location and the possibility of incidental food contact.

2.2 Sealing and Capping Machines

Sealing and capping equipment requires coordinated movement to apply consistent closing force and
maintain production speed.

Plastic gears can be incorporated into adjustment mechanisms, drive assemblies, and auxiliary
transmission systems. Their low mass and potential for quiet operation can be beneficial in compact
packaging equipment.

Gear design should account for the required torque, acceleration, repeated starting and stopping, and
any variation in load during the production cycle.

Insufficient tooth strength, excessive backlash, or poor dimensional consistency can lead to noise,
unstable motion, premature wear, or interrupted production.
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2.3 Labeling and Printing Equipment

Labeling machines use gears to synchronize rollers, feed mechanisms, and other moving parts.
Accurate transmission is important for maintaining label positioning and consistent operating speed.

Plastic gears used in these systems should provide suitable dimensional stability and wear resistance.
Even relatively small dimensional errors can affect motion consistency when several gears and rollers
operate together.

Material selection should also consider exposure to cleaning agents, inks, oils, or other substances
present in the equipment environment.

2.4 Conveyor and Product Handling Systems

Packaging lines use conveyor systems to transport containers, trays, cartons, and other products
between production stages.

Plastic gears may be used in selected drive systems, positioning mechanisms, and auxiliary
transmission components. They can be attractive where low weight, corrosion resistance, and reduced
noise are important.

For gears operating under continuous loads, creep resistance and wear performance should be
evaluated. Gear tooth deformation or progressive wear can increase backlash and reduce transmission
accuracy over time.

2.5 Automated Packaging Lines

Automated packaging systems integrate filling, sealing, inspection, sorting, and handling operations.
Plastic gears may be incorporated into compact mechanisms that require reliable synchronization
between different machine functions.

The material should be selected according to the mechanical loads, cycle frequency, temperature, and
maintenance requirements of the equipment.

For high-speed or continuously operated systems, testing under representative operating conditions is
especially important because short-term dimensional inspection alone cannot establish long-term gear
durability.

3. Material Selection for Plastic Gears

Material selection is one of the most important factors affecting gear strength, wear resistance, noise,
dimensional accuracy, and service life.

Common engineering plastics used for gears include polyoxymethylene (POM), polyamide 6 (PA6), and
polyamide 66 (PA66). Other materials may be appropriate for specific temperature, chemical, or
structural requirements.

The best choice depends on the operating conditions rather than on a general ranking of material
strength.

3.1 POM (Polyoxymethylene)

POM is widely used for precision plastic gears because it offers good dimensional stability, low friction,
and favorable wear characteristics in many gear applications.

Its mechanical properties and relatively low moisture absorption compared with polyamides can help
maintain gear geometry in environments where humidity changes are relevant.

Typical applications include small transmission gears, timing mechanisms, adjustment systems, and
selected packaging machine drive components.
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Important considerations include operating temperature, contact stress, lubrication, and the specific
POM grade. For food-related applications, a suitable food contact grade must be selected and its
compliance verified for the intended conditions.

3.2 PA6 (Polyamide 6)

PAG6 offers good toughness, mechanical strength, and abrasion resistance in suitable formulations. It
can be considered for gears exposed to repeated mechanical loading or applications requiring a
balance between strength and impact performance.

However, PA6 absorbs moisture. Moisture absorption can change its dimensions and mechanical
properties, potentially affecting tooth clearance, backlash, and transmission accuracy.

For precision gears, conditioning conditions and expected humidity should be incorporated into the
design and inspection process.

When a PAG6 gear is intended for direct food contact, the complete formulation and finished component
must satisfy the relevant requirements. Ordinary PA6 should not automatically be regarded as food
contact compliant.

3.3 PA66 (Polyamide 66)

PAG66 generally offers higher stiffness and a higher melting temperature than comparable unreinforced
PAG6 grades. It may be suitable for gears that require a combination of mechanical strength and thermal
performance.

Potential applications include selected drive gears, mechanical transmission components, and
equipment parts exposed to elevated temperatures within the limits of the selected grade.

Like PA6, PA66 absorbs moisture, and its dimensions and mechanical properties can change with
conditioning. Designers must also consider gear tooth loading, frictional heating, and long-term wear.

A food contact application requires a specifically evaluated grade and formulation. The suitability of the
base resin alone is not sufficient to establish compliance of the finished gear.

3.4 Glass Fiber Reinforced PA6 and PAG6

Glass fiber reinforcement can increase stiffness and strength, making reinforced polyamides useful for
certain structural components.

However, greater stiffness does not automatically make a material better for every gear application.
Fiber orientation, counterface wear, tooth contact behavior, surface characteristics, and possible
abrasive effects must be evaluated.

Reinforced materials may also exhibit directional shrinkage and greater sensitivity to fiber orientation
during molding. These effects can complicate tooth geometry and dimensional consistency.

Glass fiber reinforced PA6 or PA66 should therefore be selected for gears only after considering the
complete gear design and validating performance through appropriate testing. Direct food contact use
requires separate confirmation of the complete formulation and application conditions.

3.5 Material Comparison

Main advantages Important considerations

POM Good dimensional stability, low friction, favorable = Grade-specific temperature and chemical
wear behavior limitations

PAG6 Good toughness, strength, and abrasion Moisture absorption and dimensional changes
resistance
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Main advantages Important considerations

PAG66 Good stiffness and strength, higher melting Moisture absorption, molding conditions, and
temperature than comparable PA6 grades gear wear

Glass fiber reinforced @ Increased stiffness and strength in suitable = Anisotropy, fiber orientation, counterface wear,
PA6/PA66 directions and tooth geometry

Material data should be compared under equivalent test conditions. Actual gear performance also
depends on tooth design, surface finish, lubrication, operating load, and molding quality.

4. Food Contact Requirements for Plastic Gears

Not every plastic gear used in a food packaging machine needs to be made from a food contact
compliant material. The requirement depends on the gear's location, its intended function, and the
possibility of direct or indirect food contact.

Gears located in enclosed transmission housings may not have the same requirements as components
that directly contact food or are exposed to foreseeable food contamination.

For direct food contact applications, material selection must consider the relevant regulations, the
complete formulation, and the intended conditions of use.

In the United States, applicable FDA food contact requirements should be evaluated for the specific
substances and intended conditions. For the European Union, the relevant food contact materials
framework and applicable plastic material requirements must be assessed.

Important factors include food type, contact temperature, contact duration, repeated-use conditions,
cleaning procedures, and the migration characteristics of the material.

Colorants, lubricants, stabilizers, processing aids, and other additives must also be considered.
Compliance documentation for the base resin does not automatically establish compliance for a
modified compound or molded component.

Where required, migration testing and other application-specific evaluations should be conducted.
Finished gears must also be designed to avoid creating unacceptable contamination risks through wear,
degradation, or unsuitable cleaning practices.

5. Injection Molding Process for Plastic Gears

Injection molding is widely used to manufacture plastic gears because it can produce complex tooth
profiles with good repeatability and relatively efficient cycle times.

Nevertheless, gear manufacturing requires tighter control than many general-purpose molded plastic
components. Small changes in shrinkage, warpage, tooth geometry, or material conditioning can affect
transmission performance.

5.1 Material Preparation

Before molding, the material should be checked against the approved specification and handled
according to the supplier's recommendations.

Hygroscopic materials such as PA6 and PA66 generally require appropriate drying before processing.
Excessive moisture can cause hydrolytic degradation during melting, potentially reducing mechanical
properties and producing surface defects.

POM also requires suitable handling and processing controls according to its specific grade.

Material should be stored and transported under conditions that minimize contamination and unintended
moisture exposure. Regrind use, where permitted, must be controlled because repeated processing can
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alter material properties and gear consistency.

5.2 Melting and Plasticization

During plasticization, the injection molding machine melts the polymer and prepares it for injection into
the mold cavity.

Melt temperature, screw speed, back pressure, and residence time must remain within the
recommended processing window for the selected grade.

Excessive temperatures or prolonged residence time can cause material degradation. Insufficient
melting or poor plasticization can produce inconsistent filling and dimensional variation.

For gears, stable plasticization is particularly important because variations in material flow and
shrinkage may affect tooth geometry.

5.3 Injection Filling

Molten plastic is injected into the gear cavity under controlled pressure and speed.

The mold should be designed to achieve balanced filling while minimizing trapped air, excessive
pressure loss, and undesirable weld-line locations.

Gate position can affect flow patterns, molecular orientation, shrinkage, and the final location of weld
lines. These factors may influence the gear's strength and dimensional accuracy.

For precision gears, mold-flow analysis and trial molding can help identify filling problems before
production is released.

5.4 Packing and Holding Pressure

After the cavity has been filled, holding pressure is applied to compensate for material shrinkage as the
polymer cools.

Insufficient holding pressure may contribute to sink marks, internal voids, or dimensional inconsistency.
Excessive pressure can cause flash, excessive residual stress, or difficulties during demolding.

The appropriate holding profile depends on the material, gate design, gear dimensions, and molding
machine.

Stable packing conditions are important for maintaining repeatable tooth dimensions and overall gear

geometry.

5.5 Cooling and Solidification

Cooling allows the molded gear to solidify and develop sufficient rigidity for ejection.

Uneven cooling can cause differential shrinkage, warpage, and dimensional changes. For a precision
gear, even a small amount of distortion can influence tooth engagement and operating noise.

The mold cooling system should provide appropriate temperature uniformity, while the cycle time should
allow sufficient cooling without unnecessarily reducing productivity.

For semicrystalline polymers such as POM, PA6, and PAG66, crystallization behavior also affects

shrinkage and dimensional stability.

5.6 Ejection and Post-Molding Conditioning

The gear should be ejected without damaging the teeth, hub, or other precision features.
Ejector locations and forces must be designed to avoid deformation and visible marks in critical areas.

After molding, gears should be inspected under defined conditioning conditions. PA6 and PA66
components may require particular attention because moisture absorption can change dimensions after
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production.

Where necessary, dimensional acceptance should be based on conditioned parts rather than only on
measurements taken immediately after ejection.

6. Common Injection Molding Problems and Solutions

6.1 Gear Tooth Dimensional Inaccuracy

Possible causes:

 Incorrect mold dimensions or worn cavities.

« Unstable shrinkage caused by changing process conditions.

< Uneven cooling.

< Inadequate control of material moisture.

» Dimensional inspection performed under inconsistent conditioning conditions.

Recommended actions:

Verify the mold dimensions, stabilize material preparation and molding parameters, and inspect the gear
using appropriate measurement methods.

For moisture-sensitive polyamides, define a consistent conditioning procedure before making final
dimensional judgments.

6.2 Warpage and Gear Distortion

Warpage can affect tooth alignment, gear runout, and transmission accuracy.
Possible causes:

* Uneven cooling across the part.

» Unbalanced filling or packing.

* Nonuniform wall thickness.

* Residual stress.

« Anisotropic shrinkage caused by fiber orientation in reinforced grades.

Recommended actions:

Optimize gate placement, improve cooling balance, review wall thickness and structural transitions, and
stabilize packing conditions.

For reinforced grades, evaluate fiber orientation and directional shrinkage during mold design.

6.3 Short Shots and Incomplete Tooth Filling
Incomplete filling may occur when molten plastic cannot fully enter thin or narrow regions of the gear
cavity.
Possible causes:
« Insufficient injection pressure or speed.
« Incorrect melt or mold temperature.
« Restricted gates or flow passages.
* Inadequate venting.
» Excessive flow resistance.

Recommended actions:
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Review the filling pattern, verify the processing window, evaluate gate dimensions, and improve venting
where necessary.

Changes should be made systematically because increasing injection speed or pressure without
understanding the root cause may create other defects.

6.4 Flash Formation

Flash is excess plastic that escapes between mold parting surfaces or around inserts.
Possible causes:

« Excessive injection or holding pressure.

 Insufficient clamping force.

« Mold wear or damage.

* Poor mold alignment.

* Inappropriate processing conditions.

Recommended actions:

Inspect the mold parting surfaces, confirm clamping capacity, optimize pressure settings, and maintain
tooling in good condition.

Flash on gear teeth is particularly undesirable because it can interfere with tooth engagement and
increase noise or wear.

6.5 Sink Marks and Internal Voids

Sink marks may appear when thick regions shrink during cooling. Internal voids can also form when
material shrinkage is not adequately compensated.

Possible causes:

» Excessive local wall thickness.
« Insufficient holding pressure.

« Inadequate holding time.

» Poor gate design.

« Uneven cooling.
Recommended actions:

Review wall thickness, optimize packing and cooling, and adjust gate design where appropriate.

Critical gear sections should be evaluated for both external appearance and internal integrity when the
application requires it.

6.6 Surface Defects and Material Degradation

Surface defects may include discoloration, streaks, burn marks, bubbles, or rough surfaces.
Possible causes:

» Excessive moisture in hygroscopic materials.
« Material contamination.

» Excessive melt temperature or residence time.
e Trapped air.

« Inconsistent material handling.

Recommended actions:
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Follow the material supplier's drying and processing recommendations, prevent contamination, and
inspect screw, barrel, and mold conditions.

For food contact components, any cleaning, rework, or reprocessing method must also be compatible
with the material's documented compliance requirements.

6.7 Excessive Gear Noise and Premature Wear

A molded gear may pass basic visual inspection but still produce excessive noise or fail prematurely in
service.

Possible causes:

* Incorrect tooth profile or excessive runout.

» Poor surface finish.

 Incorrect backlash or center distance.

» Unsuitable material selection.

< Inadequate lubrication or excessive contact stress.
* Moisture-related dimensional changes.

< Unstable molding conditions.

Recommended actions:

Measure critical gear geometry, verify assembly tolerances, evaluate the material under actual
operating conditions, and conduct functional testing at representative loads and speeds.

Noise and wear should be assessed at the assembly level because gear performance depends on the
interaction between mating components.

7. Gear Design and Mold Development Considerations

Reliable plastic gear production requires coordinated design of the gear geometry, material, mold, and
operating mechanism.

Important design factors include module, tooth profile, number of teeth, pressure angle, face width,
center distance, backlash, shaft support, and expected transmitted torque.

Plastic gears may experience greater thermal expansion and load-dependent deformation than metal
gears. Their design should therefore account for operating temperature, sustained load, speed, and the
selected polymer's mechanical behavior.

Mold design should consider cavity accuracy, gate placement, venting, cooling balance, ejection, and
expected shrinkage.

Prototype molding and functional testing can help identify interference, noise, wear, and dimensional
issues before mass production.

For food packaging equipment, the design should also consider cleaning accessibility, contamination
risks, lubricant compatibility, and whether the component is located within a food contact zone.

8. Quality Control and Testing

Quality control for plastic gears should combine material verification, dimensional inspection, process
monitoring, and functional evaluation.

8.1 Material Verification

Confirm the polymer grade, supplier specification, color formulation, reinforcement content where
applicable, and relevant compliance documentation.
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For food contact applications, verify that the complete material formulation is suitable for the intended
conditions of use.

8.2 Dimensional Inspection

Depending on the gear design, inspection may include:

< Tooth profile and tooth thickness.

< Pitch and center-distance compatibility.
« Gear runout.

» Bore diameter and concentricity.

¢ Overall dimensions.

* Warpage and flatness.

« Visual inspection of tooth surfaces.

Appropriate gear measurement equipment and defined inspection procedures should be used for critical
dimensions.

8.3 Functional and Durability Testing

Functional tests can evaluate transmission accuracy, noise, torque capacity, wear, and operational
stability.

Durability tests should reproduce representative loads, speeds, temperatures, lubrication conditions,
and operating cycles wherever possible.

For food contact components, additional evaluations may be needed to verify material compliance,
cleaning compatibility, and suitability for the intended food contact conditions.

Inspection limits and test procedures should be established according to customer specifications,
application requirements, and the relevant standards.

9. Conclusion

Plastic gears are valuable components in food packaging machinery because they offer lightweight
construction, corrosion resistance, flexible design options, and the potential for efficient injection
molding.

POM, PA6, and PA66 are important material options, each with different advantages and limitations.
POM is often considered for precision transmission applications, while PA6 and PA66 may be suitable
where toughness, mechanical strength, or thermal performance is important. The final choice must be
based on the actual operating conditions and validated gear performance.

Successful manufacturing depends on accurate mold design, suitable material preparation, controlled
filling and packing, uniform cooling, and consistent dimensional inspection. Common defects such as
warpage, incomplete tooth filling, flash, dimensional variation, and premature wear can often be
reduced through systematic process optimization and appropriate engineering design.

For gears intended for direct food contact, material compliance must be verified for the complete
formulation and the intended conditions of use. Food contact suitability should never be assumed from
the base polymer name alone.

By combining appropriate material selection, precision mold development, controlled injection molding,
and application-specific testing, manufacturers can produce plastic gears that meet the mechanical,
dimensional, and operational requirements of modern food packaging equipment.
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Technical Disclaimer

This document provides general engineering information and should not be treated as a substitute for
grade-specific technical data, regulatory assessment, or application testing.

Actual gear performance depends on material formulation, gear geometry, processing conditions, assembly
tolerances, temperature, humidity, loading, lubrication, and maintenance.

Food contact compliance must be established for the specific material formulation and intended conditions of use.
Final approval should be based on applicable regulations, supplier documentation, and appropriate testing of the
material or finished component.

End of Document
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