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Quick Overview

Plastic gears have displaced metal gears in a rapidly expanding range of applications—from automotive power
window mechanisms and printer paper feeds to robotic actuators and medical infusion pumps—driven by
advantages that include 40-70% weight reduction, inherent corrosion resistance, self-lubricating behavior, and
the ability to consolidate multiple features (gear teeth, shaft, bearing journal, and cam profiles) into a single
injection-molded component. The global plastic gear market, valued at approximately $3.8 billion in 2024,
continues to grow at 6—-8% CAGR as electric vehicle subsystems, collaborative robots, and miniaturized
medical devices create demand for precision power transmission components that cannot be economically
produced in metal.

However, the transition from specifying a metal gear to producing a plastic gear that meets AGMA quality level
Q8-Q10 at 100,000-cycle durability targets requires navigating a complex design space that spans gear
geometry selection (spur, helical, worm, bevel), material compounding (unfilled, glass-reinforced, internally
lubricated), manufacturing process trade-offs (injection molding versus CNC machining), and quality validation
protocols. This guide provides a structured, data-driven framework for making those decisions with confidence,
based on real production data and established gear engineering standards.

Spur gears remain the workhorse of plastic power transmission, accounting for roughly 65% of all plastic gear
applications. Their straight teeth running parallel to the rotation axis offer the simplest mold construction (two-
plate mold with no side actions), the lowest tooling cost ($8,000-$25,000 for single-cavity), and the highest
manufacturing consistency. The primary limitation is noise: at pitch line velocities above 8 m/s, the
instantaneous tooth engagement generates audible whine in the 800-2,500 Hz range. For noise-sensitive
applications such as automotive HVAC actuators and office equipment, helical gears reduce sound pressure
levels by 8-15 dB(A) through gradual tooth engagement, at the cost of generating axial thrust loads (typically
15-35% of the tangential load) that require thrust bearing surfaces in the housing design.

Engineering Notes
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Gear Types: Geometry and Application Matching

Spur gears remain the workhorse of plastic power transmission, accounting for roughly 65% of all plastic gear
applications. Their straight teeth running parallel to the rotation axis offer the simplest mold construction (two-plate
mold with no side actions), the lowest tooling cost ($8,000-$25,000 for single-cavity), and the highest manufacturing
consistency. The primary limitation is noise: at pitch line velocities above 8 m/s, the instantaneous tooth engagement
generates audible whine in the 800-2,500 Hz range. For noise-sensitive applications such as automotive HVAC
actuators and office equipment, helical gears reduce sound pressure levels by 8-15 dB(A) through gradual tooth
engagement, at the cost of generating axial thrust loads (typically 15-35% of the tangential load) that require thrust
bearing surfaces in the housing design. Worm gears enable high reduction ratios (10:1 to 60:1 in a single stage)
within a compact envelope, making them the default choice for positioning mechanisms in automotive seat adjusters
and industrial valve actuators. The sliding contact inherent to worm gear meshing demands materials with low coeffici

Material Selection: Matching Polymer to Load and Environment

Material selection for plastic gears begins with quantifying the operating torque, speed, ambient temperature range,
and chemical exposure. For low-to-moderate loads (Lewis bending stress <20 MPa at the root fillet), unfilled acetal
(POM) provides excellent fatigue resistance, dimensional stability, and self-lubricating behavior at continuous
operating temperatures up to 85°C. Nylon 6 and Nylon 66 (unfilled) extend the temperature ceiling to 120°C and offer
superior impact resistance (Charpy notched impact >5 kJ/m?), but absorb 2.5-3.5% moisture at saturation, which can
change the gear's pitch diameter by 0.5-1.5% depending on geometry—a critical consideration for precision timing
applications where backlash must be maintained below 0.10 mm. When torque demands push Lewis bending
stresses above 30 MPa, glass-fiber reinforced grades become necessary. PA66-GF30 (30% glass-filled nylon 66)
delivers a flexural modulus of 8,500-9,500 MPa (versus 2,800 MPa for unfilled) and a tensile strength of 160-180
MPa at 23°C, making it the go-to material for automotive power liftgate actuators and electric power steering (EPS)
worm gears operating

Injection Molded vs. Machined Plastic Gears

The manufacturing process decision—injection molding or CNC machining—cuts to the heart of the production
economics and quality capability. Injection molding amortizes the tooling cost ($15,000-$60,000 for a multi-cavity
mold with gear-specific features such as three-plate design for center gating and gas-assist for sink mark control)
across the production volume, yielding per-part costs of $0.15-$1.50 at volumes above 10,000 units. Molded gears
can achieve AGMA Q8-Q10 when produced with precision-ground mold cavities (25 ;O Fo+F, &5f—/ER FO/EW ance),
optimized gate location (center diaphragm or three-point pin gating to minimize out-of-roundness), and controlled
cooling to limit post-mold shrinkage variation to <0.3% of the nominal dimension. CNC machined plastic gears serve
three distinct markets: prototyping (1-500 units), where the $50-$150 per-part machining cost is dwarfed by the
$15,000-$60,000 tooling avoidance; ultra-precision applications requiring AGMA Q12-Q14 that exceeds molding
capability; and large gears (pitch diameter >250 mm) where mold flow length limitations make molding impractical.
Machined gears also enable m

AGMA Quality Levels: What They Mean for Plastic Gears

The American Gear Manufacturers Association (AGMA) quality system, defined in ANSI/AGMA 2015 and 1SO 1328,

classifies gear accuracy from Q3 (coarse, agricultural machinery) to Q15 (ultra-precision, aerospace guidance

systems). For plastic gears, the practical range is Q6-Q12. Q6—Q7 (total composite error 32—45 ;A0 “or a 25 mm pitch

diameter gear) is adequate for low-speed, non-critical consumer applications such as toy mechanisms and simple

appliance timers at pitch line velocities below 1 m/s. Q8—Q9 (total composite error 16-25 ;/£0’ &W &W6V¢G2 FTR Oweet

spot for automotive actuators, power tools, and office equipment, delivering acceptable noise (<65 dB(A) at 1 m),

reasonable efficiency (>90% for spur gears), and tooth-to-tooth load sharing within 15% of the ideal. Q10 (total

composite error 10-14 ;/£0’ —2 FtR t—vtW7B V /£—G’ /Pvel reliably achievable with injection molding and requires precision-
ground mold cavities (Ra <0.1 ;£0 6a FtR Fo+F, f/E &?A F-viB &56W72 66¢G&5A 6a OVCB FVx W ature (+2°C), and statistic:
process control on shrinkage variation. This level is specified for electric power steering worm gears, medical infusion

pu

Material Selection by Load and Torque

Max Continuous Torque (N-m)* *Based on 20 mm pitch diameter, 1.5 module spur gear. Derate for smaller modules
or higher speeds.



Nylon Plastic Engineering Guide | Page 2



Six Design Rules for Plastic Gears

Design the Hub Before the Teeth: The hub-bore interface and the transition to the web must be designed to manage
shrinkage stress and avoid sink marks that distort the involute tooth profile. Hub wall thickness should be 0.5-0.7x

the tooth thickness at the root, and the web thickness should be 0.4-0.6x the tooth thickness. Center-gate the gear

with a diaphragm gate (0.8—1.2 mm thick) to balance radial flow and minimize out-of-roundness to within £0.03 mm

on the pitch diameter. Add a Root Fillet Radius of 0.35-0.45 x Module: The root fillet is the highest-stress region in a
plastic gear tooth. Generous fillets (minimum 0.3 module, ideally 0.38 module) reduce the stress concentration factor
from Kt "H 2.5 (sharp corner) to Kt "H 1.4, doubling fatigue life. Full-round root fillet designs, where the fillet radius equals
half the root clearance, can further improve fatigue life by 30-50% over standard trochoid fillets for high-cycle
applications above 10 v cycles. Specify AGMA Quality Level Based on Pitch Line Velocity, Not Wishful Thinking: Q6 for
v<1lmls, Q8 forv=1-3 m/s, Q9 for v=3-8 m/s, Q10 for v > 8 m/s. Specifying Q12 for a 0.

RFQ Checklist

* Application environment: temperature, moisture, UV, chemicals, sterilization, or outdoor exposure.
« Mechanical requirements: load, stiffness, impact, weatr, friction, creep, and fatigue life.

e Drawing requirements: tolerance class, critical dimensions, surface finish, threads, inserts, and
inspection method.

* Production needs: prototype or production quantity, expected annual volume, target unit cost, and lead-
time window.

» Material notes: preferred grade, color, reinforcement, flame rating, certification, and substitute-material
flexibility.

Need manufacturing support?

Share your drawing, target material, working environment, tolerance requirements, and quantity. Nylon
Plastic can help evaluate manufacturability, material alternatives, and production guotation details.

Contact: nova@nylonplastic.com | https://nylonplastic.com/contact/
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