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1. Introduction 
There are mainly two types of hydraulic reciprocating seals: rod and piston seals (Fig. 1). They are 

typically made of polymeric or plastic materials and most commonly by elastomers. Hydraulic seals 
are met in industrial, automotive and aviation applications involving linear and rotational motion, as 
for example in linear hydraulic actuators (Fig. 1) [1] and rotary vane actuators [2]. 

 

 

 

 

 

 

 

 

 

Fig. 1 Hydraulic seals in a linear hydraulic actuator. 

 
These seals operate under dynamic conditions of variable sealed pressure, stroking velocity and 

operating temperature. Several seal shapes have evolved over the years based on practical experience 
and engineering research to suit particular applications. Although initially seal designing was an 
empirical process, in recent times, particularly after the 1980s, designs have become more 
sophisticated, based on modern computational tools such as Finite Element Analysis software as well 
as on expensive experimental rigs to evaluate sealing performance under controlled conditions in 
accordance with international standards. 

Hydraulic seals are critical machine elements. Sealing failure is associated with financial cost 
greatly exceeding the seal cost, often by hundreds to thousands of times. The safety risk may be even 
more important, particularly in the aviation industry where, for example, hydraulic seals are used in 
linear hydraulic actuators [1,3] and rotary vane actuators [2,4] controlling aircraft landing gear (Fig. 
2(a)) and wing control surfaces (Fig. 2(b)). A graphic example of the critical role of some �humble�-
looking seals, although not related to reciprocating motion, is the tragic disaster of the NASA space 
shuttle Challenger in 1986; it was officially attributed to the failure of a static elastomeric O-ring, 
which was used to prevent hot gases from leaking through a joint during the propellant burn of the 
right rocket motor. The failure of hydraulic seals may also be responsible for environmental pollution 
from leaked fluids, particularly considering the toxicity of some hydraulic fluids. 
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Fig. 2 (a) Aircraft landing gear controlled by linear hydraulic actuator; (b) Aircraft wing control 
surfaces operated via classic linear hydraulic actuator and new rotary vane actuator (drawing 
courtesy of Smiths Aerospace, UK). 

 

2. Operating conditions 
Operating conditions for most hydraulic seals are as follows. 

�� Sealed pressure up to 80 MPa but more typically under 50 MPa. 
�� Stroking velocity up to several metres per second (e.g. 15 m/s) but more typically less than 0.5 m/s 

as in linear hydraulic actuators. 
�� Operating temperature usually between –65 and +200 � C. The lowest temperatures are met in 

aerospace applications. 
 

3. Seal selection criteria 
Depending on application, some of the most important requirements in selecting the best available 

hydraulic seal are as follows. 
(a) Low leakage rate. 
(b) Low friction (low power loss and high efficiency). 
(c) Resistance to wear and long service life with consistent performance. 
(d) Resistance to gap extrusion (usually in high-pressure applications). 
(e) Resistance to extreme temperatures (for example, in the aerospace industry). 
(f) Chemical compatibility with sealed fluids. 
(g) Ease of installation. 
(h) Low cost. 

Some of the listed requirements may be conflicting, as for example (a) and (b) (low leakage and 
low friction), in which case a compromise must be accepted. For a given application, the main 
parameters used for seal selection in conjunction with the listed requirements include the size, 
maximum sealed pressure, maximum stroking velocity (speed) and acceleration, the range of operating 
temperature, and the chemical properties of the sealed fluid. 
 
4. Seal materials, benefits and deficiencies 

Hydraulic seals are made of polymeric materials, thermoplastics and composite materials. The 
choice is mainly based on the lowest and highest operating temperature, maximum stroking velocity, 
desirable resistance to abrasive wear and extrusion, as well as on the requirement to have low friction 
and to avoid stick-slip phenomena. 
 
 


