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1. Introduction

Combined sealing assemblies consisting of a sealing
ring made of PTFE and an elastomeric O-ring are wide-
ly used in a wide variety of equipment such as presses,
injection moulding machines, machine tools e.g. milling
machines, in equipment for the food and pharmaceuti-
cal industry such as filling, metering and mixing units as
well as in mobile hydraulics e.g. excavators and forest
machinery.

There are several different names for this kind of sea-
ling element: sliding seals, step seals or even compo-
site seals [1].  All the seals that are available on the
market, whether they are co-axial (usually used as
piston seals) or in-line (shaped lip with higher preload
for the use as rod seals), consist of a more or less hard
sliding element based on PTFE or a PTFE-compound
(filled with bronze, glass, molybdenum disulfide, gra-
phite or carbon fibres) and an elastic preload element
such as O-rings or square section rings based on nitri-
le or fluororubber in a hardness range from 70 to 90
Shore A.  Sometimes, the sliding rings are made from

plastics e.g. UHMWPE,
polyamide or polyurethanes.
Typical types of these seals
are shown in Figure 1 and 2.

1.1. Requirements for Composite seals

Composite seals are often used in systems that are
working at very low speed and high control accuracy.
Therefore this kind of seal must meet the following
range of requirements:
• Low friction and no occurence of stick-slip
• Low leaking rates
• Long lifetime, which means high wear resistance
• Resistance against pressure and extrusion
• Easy to install

Normally composite seals based on a sliding element
made of PTFE or a PTFE compound meet the following
requirements:

• Due to the outstanding friction behaviour of PTFE-
based materials, low friction and the avoidance of stick-
slip can be guaranteed for these seals if a suitable
lubricant is used in the system.
• Most compounds show acceptable pressure and
extrusion resistance; problems can occur if unsuitable
compounds are used or operated with too large an
extrusion gap.
Looking to the remaining requirements, some weak
points of these seal combinations become visible.

• Normally composite seals in particular if used as rod
seals, show relatively high rates of leakage. To impro-
ve the sealing performance it is necessary to mount
these seals in a tandem configuration [1, 2, 3], that
means to combine either two composite seals or one
composite seal with an U-ring or lip seal made of poly-
urethane or an elastomer.
• In general the wear resistance of PTFE materials,
compared to many other polymers, is mediocre to
moderate [4, 5], and therefore an acceptable lifetime
can only be attained if a fully developed lubrication film
exists. Furthermore the poor wear properties and espe-
cially the notch sensibility of PTFE can cause damage
during the fitting process and lead to unacceptable lea-
kage and breakdown of the seal through leakage wear.
Small defects or damage to the seal by a scored, scrat-
ched or indented rod can lead to the same result.
• Due to the limited elasticity and therefore high residu-
al deformation of PTFE materials, fitting and subse-
quent calibration of the seals must be done very care-
fully.

Fig. 1: Examples of co-axial and
in-line composite seals for piston
sealing

Fig. 2: Examples of co-axial and
in-line composite seals for rod
sealing
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2. Test Results

2.1. Materials

The tests were performed with following materials

• ECOPUR®: Thermoplastic polyurethane elastomer
(TPU) based on polyester with a hardness of 48 Shore
D, especially developed for U-cups or lip seals for
mineral oil hydraulics; (Manufacturer: ECONOMOS®

Austria GmbH)

• X-ECOPUR®-57D: Thermoplastic polyurethane based
on polyester with a hardness of 57 Shore D for use as
composite seals in mineral oil hydraulics;
(Manufacturer: ECONOMOS® Austria GmbH)

• XH-ECOPUR®-60D: Thermoplastic polyurethane ela-
stomer with a hardness of 60 Shore D with an outstan-
ding chemical and hydrolysis resistance for applica-
tions in mineral oil, biodegradable hydraulic fluids
(HETG and HEES, etc.) and water-based fluids (HFA,
HFB); (Manufacturer: ECONOMOS® Austria GmbH)

• Various PTFE-Compounds 
- Virgin PTFE
- PTFE filled with 15% glass and 5% molybde

num disulfide (PTFE 15% Glass / 5% MoS2)
- PTFE filled with 40% Bronze (PTFE 40% BZ)
- Friction-modified PTFE (virgin PTFE modified 

with a friction-reducing additive package)

• HYTREL: Ether-ester block copolymer with a hard-
ness of 63 Shore D

2.2. Mechanical Investigations

The test results discussed in this paper are only dealing
with the mechanical properties that influence seal
installation and assembly and their effects on extrusion.
These are mainly the hardness, the modulus at strain,
the tensile strength and the residual deformation. On
one hand the residual deformation (tensile set) is mea-
sured out of the hysteresis curve from the uniaxial ten-

sile test, on the other hand it is a result from the fitting
of a rectangular ring over a mandrel with a deformation
of 20%. The residual deformation is determined after
one hour (analogous ?) the compression set (=tensile
set).

2.3. Test Rig Investigations

The tests were performed with a composite rod seal
S09-E based on various sliding materials preloaded
with an NBR O-ring of 70 Shore A (Fig. 3).

Fig. 3: Cross-section of the test seal S09-E
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Results an
The schematic drawing of the test cell is shown in Fig.
4, the tests were performed in a pulling/pushing opera-
ting mode over running metres of 40 km at a tempera-
ture of 100°C and a test pressure of 400 bar. All test
parameters are shown in Table 1.

Fig. 4: Schematic drawing of the test cell

Table 1: Test conditions of test rig investigations

The seals were rated according to their friction beha-
viour as a function of the running metres, the leakage,
wear and extrusion characteristics. 

The investigations of the stick-slip characteristics were
performed on a test rig with a stationary test cell and a
special hydraulic drive unit for the rod. Therefore only a
small mass has to be moved, this allows a good inve-
stigation of stick-slip phenomena (Fig. 5).

The stick-slip status was estimated by measuring the

changes of the velocity of the piston rod due to chan-

Fig. 5: Scheme of the test rig for stick-slip investiga-
tions

ging coefficients of friction (stick-slip). The velocity of
the rod was determined with a piezoelectric accelera-
tion transducer. For this investigation composite seals,
type S09-E, dimension 45x55x4, at a temperature of
60°C and a pressure of 200 bar have been used. The
speed ranged from 0,1 to 0,005 m/s.

3. Results and Discussion

3.1. Mechanical Investigations

Fig. 6 shows the stress-strain graphs for the polyuretha-
ne elastomers ECOPUR® and X-ECOPUR®-57D and the
virgin and Bronze-filled PTFE grades. The hard polyur-
ethane grade has an approximately 2 times higher modu-
lus than the standard U-cup grade.
The PTFE grades that have approximately the same
hardness as X-ECOPUR®-57D (see. Fig. 7), show a sig-
nificantly higher 10%-modulus than the polyurethane
grade. This is a 35% increase over the virgin and appro-
ximately 70% for the bronze grade, that means the PTFE
seals need higher forces during the installation procedu-
re, especially in the case of piston seals.
Looking to the complete stress-strain graphs we can also
see that the polyurethanes show superior tensile strength
compared to the PTFE grades (Fig. 8), which should
result in a higher extrusion resistance of the seals.
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should result in a higher extrusion resistance of the
seals.

Fig. 6: Stress-strain graphs of various sealing materials

Fig. 7: Hardness and 10%-modulus of sealing materials

Fig. 8: Stress-strain graphs of sealing materials

The hysteresis curves (Fig. 9) demonstrate the diffe-
rence in the deformation characteristics of virgin PTFE
compared to the polyurethane grade ECOPUR®. Virgin
PTFE shows the typical plastic deformation behaviour
of a soft thermoplastic with high hysteresis loss and
high residual deformation whereas the polyurethane
shows an elastic tensile curve with a small hysteresis
loss and residual deformation.

Fig. 9: Hysteresis curves of virgin PTFE and ECOPUR®

The superior tensile set of the polyurethane grades is
also clearly demonstrated by Fig. 10. The polyethere-
ster elastomer shows a 3 times higher tensile set as X-
ECOPUR®-57D and the PTFE grades have more than
10 times higher values. This result is of major importan-
ce for the fitting of piston seals, because due to the
small tensile set of the polyurethane a following calibra-
tion procedure of the composite seals is usually not
necessary.

Fig. 10: Tensile set of various sealing materials
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The following conclusions of the mechanical investiga-
tions can be verified:

• Although hardness of the polyurethanes is in the
same range as that of the corresponding PTFE com-
pounds, the polyurethanes show smaller modulus and
therefore better installation properties. 

• Furthermore the polyurethanes show a superior ela-
sticity, which results in a distinctly smaller tensile set,
which makes the fitting as well as the calibration pro-
cess of the seals easier.

• Nevertheless the polyurethanes have a lower modu-
lus and a softer deformation curve, the tensile strength
is clearly higher which should result in a better extru-
sion resistance of the seals.

The chemical resistance of these kinds of materials will
not be discussed in this paper; many papers exist [6-9]
proving, that special polyurethane elastomers have a
sufficient chemical resistance in mineral oils or, like H-
ECOPUR® based urethanes, also in water-based or
biodegradable power fluids. 

3.2. Seal Investigations

Fig. 11 shows the frictional forces of various seal types
as a function of the running metres. Astonishingly, the
polyurethane grades, X-ECOPUR®-57D and XH-ECO-
PUR®-60D, show a frictional force of approximately 550
N, which is smaller than most of the PTFE compounds.
The highest friction measured is for the glass/MoS2
compound this should be due to the glass fibre loading.
Furthermore, it should be considered that the friction of
the polyurethanes slightly decreased during the first
2000 m and afterwards it is more or less constant for
the whole period of 40 km, whereas most of the PTFE
grades show a decreasing friction over the whole peri-
od. This should be the result of wear of the PTFE rings
on the one hand and coating of the rod with a PTFE
layer with increased test duration and wear on the
other.

Fig. 11: Frictional force of various composite seals as a func-
tion of the running metres.

The leakage behaviour of these seals is shown in Fig.
12. Compared to the PTFE seals the polyurethanes
have a superior tightness which is demonstrated in lea-
kage values that are a magnitude smaller, although the
seals have a comparable friction force. Of particular
interest are the results of the two PTFE-Bronze grades
that have been tested: the grade PTFE Bz. 2, based on
a 40% Bronze filled PTFE, shows nearly 5 times higher
leakage than the other bronze grade and therefore
lower friction values according the hydrodynamic lubri-
cation. 
All the more important is the sealing behaviour of the
polyurethanes, this is of major interest because these
seals exhibit low friction combined with very low leaka-
ge, which is unusual for composite seals.

Fig. 12: Leakage of composite seals
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As expected the urethanes have a better extrusion resi-
stance than the PTFE compounds and the Hytrel grade
(Fig. 13). The length of the extruded parts of most of
the PTFE grades is nearly 30 times higher and also the
Hytrel grade shows 5 times larger extrusion. Fig. 14
shows photos of the extrusion and wear characteristics
of 3 PTFE Bronze grades and the polyurethane grade
X-ECOPUR®-57D. These photos demonstrate the total-
ly different wear and extrusion resistance of PTFE
compounds of the same composition but of different
suppliers. Nevertheless not one of the PTFE com-
pounds has comparable wear and extrusion resistance
as the polyurethane grade.

Fig. 13: Gap extrusion of composite seals

Fig. 14: Gap extrusion and wear of composite seals

Looking to the sliding zones after the full test length of
40 km, the outstanding wear properties of the polyur-
ethane elastomer X-ECOPUR®-57D can be seen very
clearly (Fig. 15). The polyurethane shows little to no
wear and the turning grooves from the manufacturing
process are still visible, whereas at the "good" bronze
compound all the turning grooves are worn. At the
"poor" bronze compound strong abrasion and leakage
wear can already be detected.

Fig. 15: Microscopic investigations of the sliding surface of
composite seals

Figures 16 to 18 compare the sealing properties of X-
ECOPUR®-57D to various commercially available com-
posite seals based on different PTFE compounds. In
principle the results are corresponding to those we
discussed earlier. The polyurethane elastomer shows
superior leakage, extrusion and wear characteristics
and competitive friction properties.
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Fig. 16: Friction properties of commercially available compo-
site seals compared to X-ECOPUR®-57D

Fig. 17: Leakage characteristics of commercially available
composite seals compared to X-ECOPUR®-57D

Fig. 18: Extrusion characteristics of commercially available
composite seals compared to X-ECOPUR®-57D

Finally a short summary concerning the stick-slip beha-
viour of the seals tested. It is of vital importance that
composite seals should have comparable friction pro-
perties, both at medium hydraulic speeds and especi-
ally at very slow velocities that normally occur in, for
example, machine tools etc.

Fig. 19 shows the acceleration of the piston rod as a
function of time for a composite seal based on a PTFE-
bronze (40%) compound and X-ECOPUR®-57D. The
top graphs show the acceleration traces at a rod speed
of 0,066 m/s and it can be clearly seen that the rod is
moving with a constant speed apart from some vibra-
tions of the whole system. The bottom traces describe
the situation for a reduced rod speed of 
0,043 m/s. It is obvious that the rod does not move
under a constant speed, but steadily changes between
acceleration and braking, therefore it is working in a
typical stick-slip mode. So this investigation proves that
stick-slip occurs for both seal types at the same rod
speed, which would not be expected from previously
held knowledge.

estigations

Fig. 19: Investigation of the stick-slip characteristics of composite
seals
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V = 0,043 m/s
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4. Conclusions and outlook

The investigations discussed in this paper prove that
composite seals based on special polyurethane elasto-
mers are meeting all the necessary requirements: 

• Low friction and no stick-slip behaviour
• Outstanding leakage behaviour
• Superior extrusion and wear characteristics
• Good installation and assembly properties.

Due to this performance, seals based on these special
polyurethanes are an ideal replacement for commerci-
al PTFE based composite seals, provided that the
seals are compatible with the working fluid and the tem-
peratures do not exceed the maximum working tempe-
ratures of these materials. therefore these sealing ele-
ments can be successfully installed in injection moul-
ding units, machine tools as well as in mobile hydrau-
lics and in metering and mixing units.

At ECONOMOS® soft and elastic materials can also be
machined into seals which are commonly manufactu-
red from PTFE. Therefore these kinds of seals are also
available in single units as well as short runs on a just
in time basis. Furthermore due to the thermoplastic
structure of the material any seal profile can also be
produced in high quantities by injection moulding there-
by providing significant cost savings. 
In summary; seals and sealing elements manufactured
from the materials described are suitable for higher pres-
sures or larger gaps than PTFE seals and have an out-
standing wear resistance leading to longer lifetimes.
These benefits along with the installation, assembly, low
speed operation and sealability advantages ensures that
fluid power sealing has entered the 21st century.
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