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INTRODUCTION

Across modern manufacturing, automation systems are being asked to do more with less margin for error.
Higher speeds, continuous duty cycles, tighter tolerances, and increasingly sensitive electronics have pushed
mechanical components beyond traditional design assumptions.

In these environments, component failure is rarely caused by a single factor. Instead, performance breakdowns
occur when material selection, part geometry, and manufacturing processes are not aligned with real operating
conditions. Components may meet static load requirements yet fail prematurely once exposed to dynamic
forces, environmental constraints, or long-term wear.

This white paper examines why standard materials often fall short in high-duty applications, how polyurethane

enables engineers to balance competing performance requirements, and why material formulation and process
control must be treated as a unified engineering system.
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The Performance Conflicts Engineers Face

High-duty applications force engineers to manage conflicting requirements that standard materials are rarely
designed to satisfy simultaneously.

Common tradeoffs include:

Wear resistance vs. compliance Hard materials resist abrasion but transmit vibration and shock.

Strength vs. energy absorption Rigid designs handle load but accelerate fatigue elsewhere in the
system.

Cleanliness vs. durability Materials that meet contamination requirements often lack long-

term wear strength.

Electrical behavior vs. mechanical Static control solutions can compromise traction, wear life, or
performance dimensional stability.

When these tradeoffs are addressed in isolation, failures often migrate rather than disappear.

Rubber (left) vs.Polyurethane (fight) after 500 hours of abrasive contact.
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Why Standard Materials Break Down in High-Duty Use

Many high-duty systems rely on materials selected for availability or familiarity rather than long-term performance
under dynamic conditions.

RUBBER ENGINEERED PLASTICS SURFACE TREATMENTS
A . . . AND COATINGS

¢ Good initial compliance « High stiffness and

o Degrades under heat, el ol ’ ii:iriisr?ne failure mode
compression, and o Limited vibration damping and porartly
continuous cycling shock absorption » Wear away over time

« Susceptible to cracking, « Prone to creep, cracking, * Do not provide bulk material
hardening, and or particulate generation performance
inconsistent wear under load

As systems scale in speed and complexity, these materials increasingly become the limiting factor.

Polyurethane as a High-Duty Engineering Material

Polyurethane occupies a unique position between elastomers and rigid plastics. Its chemistry allows engineers to
design materials that combine elasticity, strength, wear resistance, and environmental stability in ways other
materials cannot.

Key advantages include:

o Broad hardness range (soft elastomeric to « High tensile and tear strength
rigid structural)

e Excellent abrasion resistance e Low compression set for dimensional stability

e Tunable electrical properties (insulative, static-
dissipative, conductive)

Critically, these properties can be engineered together, not traded off independently.
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Material Formulation Is Only Half the Equation

In high-duty applications, material chemistry alone does not guarantee

performance. Manufacturing processes and post-processing play an
equally important role.

Key factors include:

L]

Molding methods that control density and internal stress

Bonding techniques between polyurethane and metal cores
Post-molding machining to achieve concentricity and surface finish

Inspection and validation to ensure repeatability

Without process control, even well-designed materials can

underperform or behave inconsistently in the field.

APPLICATION SNAPSHOT

High-Load Automation Components

In continuous-duty automation systems, standard rubber and thermoplastic components often deform under
sustained load, leading to flat-spotting and vibration. Custom cast polyurethane components engineered for

compressive strength and low compression set maintained geometry under load and extended service life by
multiple factors.

Cleanroom and Precision Automation

In contamination-controlled environments, materials must meet cleanliness standards without sacrificing
durability. Custom polyurethane formulations paired with controlled molding and finishing processes delivered
low particulate generation, chemical resistance, and extended wear life in applications where standard plastics
failed prematurely.

Robotics and Motion Systems

Robotic platforms introduce high acceleration, vibration, and electrical sensitivity. Polyurethane components
engineered for controlled compliance, wear resistance, and static dissipation improved motion consistency,
reduced electronic interference, and supported long-term system reliability.
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Design Guidance for Engineers

Custom polyurethane solutions are most effective when:

Dynamic loading dominates over static load Wear life and consistency affect system uptime
conditions
Environmental or cleanliness constraints are critical Electrical behavior must be controlled at the

component level

Late-stage redesign risk outweighs upfront
engineering effort

Conversely, standard materials may be sufficient when duty cycles are low; tolerances are forgiving, and
environmental demands are minimal.

The key is recognizing when performance requirements exceed the limits of off-the-shelf solutions.

Conclusion

As automation, robotics, and precision systems continue to evolve, the margin for material compromise continues to
shrink. Component reliability increasingly depends on aligning material formulation, geometry, and manufacturing
processes with real-world operating conditions.

Polyurethane provides engineers with a flexible, durable platform for solving complex performance challenges
across high-duty applications. When paired with disciplined process control and early engineering collaboration, it
enables solutions that scale from prototype to production without sacrificing reliability.

Engaging material and manufacturing expertise early in the design process remains one of the most effective ways
to avoid downstream failure, reduce redesign cycles, and deliver systems that perform consistently over time.
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