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By Michael Cook, Global Segment Director Off-Highway, Trelleborg Sealing Solutions 

In the world of off-highway equipment, the demand for reliability and efficiency pushes engineers to select each

component for maximum impact. Superior flat gasket performance is critical: even minor gasket failures can

cause leaks that halt operations and drive costly downtime. Factors such as high vibration, extreme thermal
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cycling, and the use of diverse materials in mating flanges all test the seal’s integrity. When a gasket

underperforms, it risks not just small leaks, but engine failures, unscheduled maintenance, and downtime for key

systems, including:

Engines: Sealing oil pans, valve covers, timing covers, and intake manifolds

Drivetrains: Gaskets for gearboxes, transmissions, differentials, and power take-off (PTO) interfaces

Chassis and Axles: Applications in wheel ends and motor mounts

Hydraulic Systems: Sealing pumps, valve bodies, and hydraulic control interfaces

MOVING BEYOND TRADITIONAL SEALING MATERIALS
For decades, traditional fiber-reinforced gaskets have been the standard. Yet as demands in off-highway

equipment intensify, these legacy gaskets fail to meet the expectations for leak prevention, durability, and

reliability. Original equipment manufacturers (OEMs) now require gaskets that go beyond past limitations,

delivering high performance through tougher operating cycles and reducing total cost of ownership.

OEMs are also increasingly aware of the need for per- and polyfluoroalkyl free (PFAS-free) alternatives. While not

all traditional gaskets contain these substances, the push for more sustainable and compliant solutions

encourages a re-evaluation of material choices. The goal is to migrate toward materials that perform better while

aligning with future environmental and regulatory standards. 
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THE ENGINEERING BEHIND ADVANCED FLAT SEALS
The solution lies in modern, engineered flat gasket materials designed specifically to overcome the shortfalls of

their predecessors. OEMs should look for flat gaskets that are not one-size-fits-all and, instead, seek out a portfolio

of specialized materials. This includes. advanced compressed non-asbestos fiber (CNAF), flexible graphite, and

PFAS-free solutions. The key to superior flat gasket performance depends on the material’s microstructure and

how it behaves under load. Two decisive parameters for preventing leakage are flange adaptability and the

application of sufficient surface pressure. A gasket’s primary function is to conform to the micro-imperfections

present on any flange surface, creating an unbroken barrier against fluid or gas.

Flat seal gaskets that demonstrate significantly higher compressibility and excellent adaptability, even at the lower

surface pressures common in non-rigid structures like stamped metal covers. Their unique composition allows
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them to flow into the microscopic valleys and voids of a flange surface, effectively eliminating potential leak paths

that traditional, more rigid gaskets might leave open. This ability to conform is what sets them apart, ensuring a

tighter, more durable seal from the initial installation. For applications involving higher temperatures or aggressive

chemicals, flexible graphite or specialized PTFE gaskets offer enhanced thermal and chemical resistance

capabilities. 

THE IMPORTANCE OF RIGOROUS STANDARDIZED TESTING
Asserting that a material is “better” is futile without data to support the claim. A reliable components partner is

one that carries out leakage tests and analyses, such as loading and unloading curves, residual stress testing, and

fluid compatibility assessments. These provide a full picture of a gasket’s long-term stability and reliability. This

empirical evidence gives engineers confidence that they are specifying a component that will perform predictably

in the field.

Trelleborg completes leakage testing using helium-based methods outlined in standard EN 13555 to provide a

scientific comparison of gasket performance. EN 13555 is a European standard specifying parameters and test

procedures relevant to the design rules for gasket flange connections. In these tests, different levels of surface

pressure are applied to a gasket, and the resulting leak rate is precisely measured. The process involves both

increasing and decreasing the load to understand the material’s behavior during assembly, operation, and thermal

cycling. Trelleborg found that when its HMF materials are compared to common industry alternatives using these

methods, they consistently demonstrate lower leakage rates.

A gasket’s ability to maintain a seal under dynamic loads and temperature fluctuations also reduces the need for

re-torquing bolts after the initial assembly, saving time and labor. In some cases, Trelleborg’s HMF flat gaskets can

eliminate the need for supplemental liquid sealants, which have their own application challenges, cure times, and

potential for improper use.

DESIGN AND PROCUREMENT CONSIDERATIONS 
Successfully integrating high-performance flat seals begins at the design stage. Engineers should work with their

sealing partner to match the gasket material family to the specific media, temperature range, and pressure of the

application. It is crucial to design the flange system to generate adequate and evenly distributed surface pressure,

as this is essential for activating the gasket’s sealing capabilities. Factors like gasket thickness, bolt patterns, and

flange finish all play a role in creating a reliable sealed joint. Prioritizing a consistent flange surface finish, often

adding a minor cost upstream, pays significant dividends in long-term seal integrity.

For example, Trelleborg was able to provide one off-highway customer with an improved flat gasket solution at the

joint between the gearbox and the motor of its combines. When experts at Trelleborg saw the gasket drawings the

customer was looking to prototype, they knew their HMF17 material would be ideal for optimizing part geometry

and adapting local surface pressure for tightness. They quickly built trust with the customer by providing timely

delivery of test samples and first iteration parts that worked well. The customer appreciated that the material of

the gasket could be manufactured to their specific shape requirements and has scaled from samples to full

production volumes.

A FORWARD-LOOKING APPROACH TO SEALING
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Migrating off-highway equipment from traditional gaskets to advanced, high-performance flat gaskets is a

necessity for any OEM committed to delivering market-leading reliability and performance. By focusing on the

science of sealability and leveraging modern materials proven through rigorous testing, component partners can

help off-highway OEMs build the next generation of equipment that works harder, lasts longer, and instills greater

confidence in the end user.
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