
SEALING A 3MM PISTON AT 120 BAR: A
COLLABORATIVE HIGH-PRESSURE SEAL
DEVELOPMENT

CASE STUDY

A UK company approached us to develop a sealing solution for a miniature 3mm
piston operating with water at pressures of up to approximately 120 bar. The
existing O-ring and back-up ring arrangement had presented sealing challenges,
creating a need for an alternative capable of operating within an extremely
compact assembly while accommodating approximately 20mm of reciprocating
travel. 

Rather than treating the requirement as a component replacement, our team
worked in collaboration with the customer's engineering team to develop the seal
architecture, supporting elements, materials and manufacturing tolerances
required for a practical solution.

OVERVIEW

THE ENGINEERING CHALLENGE 
The combination of very small geometry and high pressure created a
demanding sealing environment. The piston operated within a vapour-polished
acrylic bore, with a PEEK piston and water as the process medium. At only
3mm diameter, dimensional variation, alignment and surface condition became
particularly significant to sealing performance. 

The challenge extended beyond the seal itself. The surrounding components
also provided guidance and axial alignment for the rod, meaning that
excessively relaxed tolerances could affect the stability of the assembly. At the
same time, some of the original tolerances were difficult to manufacture
economically in the proposed polymer components. 

The customer also had practical constraints around available shaft surface
finish and tolerances, requiring the design to balance theoretical sealing
requirements against components that could realistically be sourced and
manufactured.



Fluorocarbon's engineering team reviewed the operating pressure, media, hardware materials, groove arrangement, surface finishes and available installation space
before developing a spring-energised sealing concept. 

The design evolved through direct engineering discussions and several drawing revisions. Particular attention was given to the sealing lip interface, rod alignment,
guide-ring geometry and the manufacturability of the supporting components.
 
Where the original design specified very tight features, Fluorocarbon worked with the customer to establish achievable tolerances without losing the alignment
function of the assembly. The resulting customer drawing incorporated revised limits of 3.000–3.030mm and 8.000–8.050mm. 
Material selection was also reviewed as part of the development process. Where an additional guidance and retaining component had initially been specified in a
PEEK-based bearing material, Fluorocarbon proposed Fluorinoid  FL355 that could be produced more readily for the application.®

OUR APPROACH

WHY FLUOROCARBON 

Miniature high-pressure sealing problems cannot always be solved by
selecting a standard seal from a catalogue. At this scale, the interaction
between seal geometry, materials, surface finish, alignment and
manufacturing tolerances becomes critical. 

Fluorocarbon combined sealing expertise with material selection, component
design and design-for-manufacture support to help translate a difficult 3mm,
120 bar requirements into a manufacturable sealing system. By working
directly with the customer's engineers through the design iterations, we were
able to address not only the sealing interface, but the wider mechanical
factors that could influence performance. 

The result was an engineered sealing architecture developed around the
application, not simply a replacement for the component that had failed to
meet the requirement. 

The resulting sealing architecture incorporated a Fluorinoid  FL156 spring-
energised jacket with a stainless-steel spring, supported by an Fluoronoid  FL123
straight-cut guide ring. The assembly was designed around a single-acting pressure
arrangement and included defined surface-finish requirements across the critical
sealing interfaces. 

®

®

Alongside the seal assembly, Fluorocarbon supported the development of the
additional guidance and retaining component, ensuring the complete arrangement
considered sealing, rod support, alignment and manufacturability as an integrated
system rather than as isolated parts. 

THE SOLUTION
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