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EXECUTIVE SUMMARY

INTRODUCTION

Polyurethane (PU) has become one of the fastest-growing materials in medical device manufacturing due 
to its exceptional combination of bio-compatibility, flexibility, durability, and design versatility. As medical 
device manufacturers continue to move away from traditional materials such as PVC and latex, 
polyurethane is increasingly being specified for applications ranging from fluid management systems and 
drug delivery devices to wound care products and wearable technologies.

The success of polyurethane-based devices depends not only on material selection but also on the ability 
to reliably join components without compromising performance. Welding technologies, particularly radio 
frequency (RF) welding, have emerged as preferred manufacturing methods due to their ability to create 
strong, repeatable, and hermetic bonds without the use of adhesives or solvents.

RF welding is especially well-suited for polyurethane because it generates heat internally within the 
material, allowing precise control of the weld zone while minimizing surface degradation. When properly 
designed and validated, RF welded polyurethane assemblies offer exceptional strength, leak resistance, 
and long-term reliability.

This paper examines why polyurethane continues to gain market share in medical devices, explores the 
factors that influence weld quality, and outlines practical recommendations for achieving robust and 
repeatable RF welding processes.

Medical device manufacturers face increasing demands for performance, safety, bio-compatibility, and 
sustainability. These requirements are driving a shift toward advanced polymer materials capable of 
delivering improved functionality while supporting efficient manufacturing processes.

Among these materials, polyurethane has emerged as a preferred solution for a wide range of medical 
applications. Its ability to combine flexibility, toughness, clarity, chemical resistance, and bio-compatibility 
makes it attractive for both disposable and long-term use devices. As a result, polyurethane is increasingly 
replacing traditional materials such as PVC, latex, and certain silicone formulations in many applications.

At the same time, the growing use of polyurethane has created new manufacturing challenges. Medical 
devices often require complex assemblies consisting of films, tubing, reservoirs, bladders, balloons, and 
molded components that must be joined reliably and repeatedly. Selecting the appropriate joining 
technology is therefore critical to device performance and manufacturability.

Among available joining methods, RF welding continues to demonstrate significant advantages for 
polyurethane materials. Understanding the relationship between polyurethane properties and RF welding 
performance allows device designers and manufacturers to optimize product reliability while reducing 
manufacturing complexity. 
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Figure 1. Common Medical  Products Applications Using Polyurethane (Source: AI Generated)

Polyurethane offers a unique combination of properties that make it highly attractive for 
medical device applications.

High Mechanical Durability

Polyurethane exhibits excellent resistance to abrasion, puncture, flex fatigue, and repeated 
deformation. These characteristics are particularly valuable in devices that experience cyclic 
loading, inflation, pumping, or repeated patient interaction.

Biocompatibility and Hemocompatibility

Medical-grade polyurethane formulations demonstrate strong biocompatibility 
characteristics and are widely used in applications involving blood contact, tissue contact, 
and fluid handling. Common applications include catheters, wound care systems, fluid 
reservoirs, balloons, cuffs, and drug delivery devices.
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Design Flexibility

Polyurethane can be formulated across a broad range of durometers, allowing designers to tailor 
mechanical properties to specific performance requirements. Material properties such as flexibility, 
transparency, barrier characteristics, and chemical resistance can be optimized without fundamentally 
changing the manufacturing approach.

Support for Emerging Medical Technologies

As wearable devices, minimally invasive therapies, and home healthcare technologies continue to 
expand, manufacturers increasingly require materials capable of supporting lightweight, flexible, and 
durable designs. Polyurethane aligns well with these evolving requirements.

UNDERSTANDING POLYURETHANE WELDABILITY
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Successful welding begins with understanding how polyurethane behaves during thermal processing.

Unlike many semi-crystalline polymers, polyurethane typically exhibits more amorphous behavior, 
allowing it to soften and re-solidify in a predictable manner. This characteristic contributes to strong 
molecular fusion when appropriate welding parameters are applied.

Material Composition

Polyurethane formulations vary significantly among suppliers and product grades. Additives, lubricants, 
plasticizers, stabilizers, and processing aids can influence weldability, dielectric response, and long-term 
weld performance. Material selection should therefore consider not only functional performance but also 
compatibility with the intended joining process.

Moisture Sensitivity

Moisture control is particularly important for RF welding applications. Excess moisture can affect 
dielectric behavior and increase the risk of inconsistent heating, reduced weld quality, or process 
instability.

Film Thickness and Geometry

Uniform thickness is essential for achieving consistent energy distribution throughout the weld area. 
Significant thickness transitions can create localized hot spots or under-heated regions that negatively 
impact seal integrity.

Thin polyurethane films generally respond especially well to RF welding due to efficient dielectric heating 
and rapid energy transfer.

Thermal Characteristics

Polyurethane softens gradually over a range of temperatures rather than exhibiting an abrupt transition. 
This behavior provides a wider processing window and allows greater control of the fusion process.

However, excessive heat input can still cause degradation, discoloration, dimensional instability, or 
reduced mechanical performance.
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RF welding is widely recognized as one of the most effective methods for joining polyurethane films and 
components.

Unlike conventional thermal welding processes that apply heat from the material surface inward, RF 
welding generates heat internally through dielectric excitation. As an alternating electromagnetic field 
passes through the material, molecular motion creates heat within the weld zone itself.

This approach offers several advantages.

Uniform Heating

Because energy is generated throughout the material thickness, heating is more uniform than many 
surface-heating technologies. This reduces the likelihood of scorching, surface damage, or incomplete 
fusion.

Strong Hermetic Seals

RF welding can produce highly reliable hermetic seals suitable for fluid containment applications such as 
reservoirs, bladders, bags, and inflatable components.

Repeatable Manufacturing

When process variables such as power, pressure, dwell time, and cooling time are controlled properly, RF 
welding provides highly repeatable results suitable for validated medical manufacturing environments.

Elimination of Adhesives
Adhesive bonding introduces additional materials, validation requirements, cure times, and 
contamination risks. RF welding eliminates many of these concerns while simplifying assembly operations.

WHY RF WELDING WORKS SO WELL WITH POLYURETHANE
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Figure 2. Cross-Sectional Representation of a Polyurethane Overlap Weld Before and After RF Welding
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Achieving consistent weld quality requires careful control of several process variables.

RF Power
Power levels must be matched to the dielectric properties of the specific polyurethane formulation. 
Excessive power can cause overheating, while insufficient power may result in incomplete fusion.

Pressure Control
Proper electrode pressure promotes intimate contact between materials and supports molecular fusion. 
Excessive pressure can thin the weld area, while insufficient pressure may reduce seal strength.

Weld and Cool Times
Both heating and cooling phases influence final weld performance. Adequate cooling under pressure is 
often necessary to stabilize the weld and minimize distortion.

Tooling Design
Electrode geometry plays a critical role in energy distribution. Proper tooling design helps eliminate hot 
spots, improve seal consistency, and accommodate complex part geometries.

Multi-material assemblies may require specialized tooling configurations to ensure balanced energy 
delivery across varying thicknesses and material properties.

Several technologies are available for joining polyurethane components, each with advantages and 
limitations.

Ultrasonic Welding
Ultrasonic welding uses high-frequency mechanical vibrations to generate localized frictional heating. It 
can be highly effective for rigid and semi-rigid polyurethane components and offers extremely short cycle 
times. However, it may be less suitable for large film-based assemblies requiring broad hermetic seals.

RF WELDING PROCESS CONSIDERATIONS

RF WELDING COMPARED TO OTHER JOINING METHODS
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Figure 3. RF Welding Process Cross Section
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Thermal and Impulse Welding
Thermal welding processes are commonly used for film sealing applications and can provide reliable 
results when properly controlled.

Because heat is introduced externally, achieving uniform temperature distribution may be more 
challenging than with RF welding, particularly for complex geometries.

Adhesive Bonding
Adhesive systems remain useful in certain applications but introduce additional validation requirements, 
longer cycle times, and potential contamination concerns. Bond performance may also be influenced by 
aging, environmental exposure, and cure conditions. For many polyurethane film applications, RF 
welding provides the most efficient combination of performance, repeatability, and manufacturing 
scalability.
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DESIGNING FOR SUCCESSFUL RF WELDS
The most successful welding programs begin during product development rather than after design 
release.

Several design principles consistently improve weld quality and manufacturability:
• Maintain uniform film thickness wherever possible. 
• Avoid abrupt transitions in geometry near weld zones.
• Select material durometers with weldability in mind. 
• Design adequate weld lands and sealing surfaces. 
• Minimize unnecessary stress concentrations. 
• Consider tooling access early in development. 
• Incorporate verification testing requirements into the design process.

Early collaboration between product designers and manufacturing engineers often reduces development 
risk, shortens validation timelines, and improves production yields.

Figure 4. Table 1. Comparison of Advanced Welding & Bonding Technologies
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Medical device manufacturers must demonstrate that welding processes consistently produce 
assemblies meeting defined performance requirements.

Common validation activities include:

Mechanical Testing
Pull testing, peel testing, burst testing, and fatigue testing are frequently used to evaluate weld strength 
and durability.

Leak Testing
Leak testing verifies seal integrity and is particularly important for fluid containment applications.

Design of Experiments (DOE)
Structured experimentation helps identify critical process parameters and establish robust operating 
windows.

Process Validation
IQ, OQ, and PQ activities establish documented evidence that the welding process consistently produces 
acceptable products under normal production conditions.

The most successful validation programs combine process understanding with statistically meaningful 
testing methods to ensure long-term manufacturing stability.
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VALIDATION AND PROCESS DEVELOPMENT

Figure 5. Typical RF Welding Process Development and Validation Workflow



CONCLUSION

Polyurethane continues to gain acceptance throughout the medical device industry because it 
combines excellent biocompatibility, flexibility, durability, and design versatility. As device complexity 
increases and performance requirements become more demanding, manufacturers increasingly rely 
on joining technologies capable of producing reliable and repeatable assemblies.

Among available joining methods, RF welding remains one of the most effective solutions for 
polyurethane materials. Its ability to generate uniform internal heating, create strong hermetic seals, 
and eliminate adhesives makes it particularly valuable for fluid management, drug delivery, 
wearable, and inflatable medical devices.

Successful implementation requires more than selecting the right welding equipment. Material 
selection, part geometry, tooling design, process development, and validation planning all contribute 
to long-term manufacturing success.

By engaging manufacturing partners early in development and designing specifically for weld-ability, 
medical device companies can reduce risk, accelerate commercialization, and achieve robust 
production performance throughout the product lifecycle.
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