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Abstract—The PA46 polyamide material has a wide
application in engineering due to its good mechanical behaviour
in transmissions with variable temperature — gears, slides,
cams, bearings, guides for chains. In contact with steel
materials, small values of the friction coefficients are obtained.
The paper presents the testing procedure and the analysis of the
obtained results for tests regarding the polyamide/steel type
contacts, by considering a variable temperature.
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I. INTRODUCTION

N order to obtain high wear, abrasion and vibration

resistance — noise reduction — the polyamide type
materials are used, in the last period, to design
mechanical components. These mechanical elements —
gears, slides, cams, bearings, guides for chains — made
from polyamide, are characterised also by high impact
resistance, good heat resistance and with good physical
properties — high tensile strength and modulus of
elasticity [1].

Another optimization direction is the weight reduction
of the mechanical components with directly influence on
the masses and inertias; the materials which are
accomplishing this condition should be, on the other
hand, with the same main mechanical properties as the
steel type materials. One of the materials which are
accomplishing these conditions is the polyamide; high
values of the elastic modulus are inducing small values
of the deformations and high values for the hardness are
reducing the wear. In the case of small forces, even with
temperatures up to 90° C, a linear elastic behaviour may
be assumed for the polyamides [1], [2].

In the case of sliding mechanical contacts — cam/plate
cam followers, gears, chain/guides, guides — one of the
mechanical parts is made by steel and the other part by
polyamide [3]; the reason is that this solution offers small
values for the friction coefficients and high values for
durability [4] — [6].

In the case of all these mechanical contacts, in order to
reduce the wear these contacts are lubricated and due to
the functioning conditions, an increase of the local

temperature is noticed. The paper presents the influence
of the temperature variation on the friction coefficient in
the case of lubricated PA46 polyamide — steel type
contacts.

Il. THE EQUIPMENTS

The equipment where the tests are performed is a 2
axes tribometer which allows measurements for the
normal and tangential forces — Fig. 1.

Fig. 1. The tribometer

The tribometer may measures forces up to 1000 N
with a resolution of 50 mN; the vertical stroke is 150 mm
with a speed adjustable between 0.001 and 10 m/s. The
lateral positioning stroke is 75 mm with the speed
between 0.01 and 10 m/s; the lateral positioning
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resolution is 2 um. The maximum heater’s temperature is
150 °C — Fig. 2. The rotational speed can be adjusted
between 0.001 and 5000 rpm, in 2 directions.

Fig. 2. The heater

On the tribometer there may be performed wear tests
and Stribeck tests; the friction coefficient is determined
as the ratio between the measured values of the vertical
force and of the tangential force.

Fig. 3. The polyamide disk

The polyamide disk — Fig. 3 — is made from PA46
polyamide and has a diameter of 50 mm; the disk is
mounted inside the rotational device of the tribometer —
Fig. 4 which is lubricated and heated.

The steel plate is mounted in a holder which is fixed in
the vertical guide — Fig. 5.

The upper device may be used with or without a
suspension in order to damp the shocks; in the case of
friction coefficient tests the suspension is not used due to
the measurements accuracy.

Fig. 5. The steel plate holder

Ill. THE TESTS

The tests were performed in 2 steps; first is made a
running-in test for a period of 2 hours, with a rotation of
the disk of 500 rpm and with the position of the steel
plate on a radius of 20 mm from the centre of the disk.
The normal force has the value of 5 N, calculated from
the condition of hydrodynamic friction between the disk
made by PA46 polyamide and the front face of the steel
plate.

The variation in time of the dynamic friction
coefficient is presented in Fig. 6. The dynamic friction
coefficient has a descendent variation during the running-
in period due to the polishing action of the harder
material (the steel plate) on the weaker material (the
PA46 polyamide); after 100 minutes of running-in, the
dynamic friction coefficient has a stabilised value at
around 0.12.
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Fig. 6. The dynamic friction coefficient

The evolution of the wear during the running-in test is
presented in Fig. 7. The wear has a small decreasing
variation and it is stabilised at a value of 70 um after 100
minutes of running in.
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Fig. 7. The evolution of the wear in time

After the running-in tests, there are performed tests
where the heater’s temperature has a variation between
20 and 90 °C; the normal force is set up to 9 N due to the
reason that for this value the lubrication is a mixed one.
The rotational speed of the disk is equal with 500 rpm
and with the position of the steel plate is on a radius of
20 mm from the centre of the disk. In order to validate
the results, there are performed two sets of tests.

In Fig. 8 is presented the variation of the dynamic
friction coefficient with the temperature for the two tests
which have been performed on the tribometer; Poly
represents the trend lines for the two tests which are
created by using 2 degrees polynomial functions.
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Fig. 8. The variation of the dynamic friction coefficient with the
temperature

The dynamic friction coefficient has a smooth increase

with the variation of the temperature and it has an
average value of 0.1, value which is validated by the tests
results from [7].

The variation of the wear with the temperature is
presented in Fig. 9. The wear is decreasing with the
increasing of the temperature due to the properties of the
PA46 polyamide which is recommended to be used at
high temperatures [5].
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Fig. 9. The variation of the wear with the temperature

The wear track on the PA46 polyamide disk,
magnified on a microscope, is presented in Fig. 10; its
limits are determined by the lateral faces of the steel plate
and they have a bigger depth due to the sharp corners of
the plates. The wear track limit from the right side is
higher because this side is placed on a bigger radius
according to the rotational motion.

Wear track limits

Fig. 10. The wear track on the PA46 polyamide disk

The wear on the steel plate is presented in Fig. 11; the
shape of the wear is a circular one due to the rotational
motion of the disk. Due to the clearances on the holder,
the steel plate doesn’t have a contact on the entire width
of it. Anyhow, this is a testing which reproduces a real
functioning condition — for instance the steel plate could
be a link from a chain which is in contact with the active
face of a tensioning guide, made from PA46 polyamide.
In this case, the chain links have also oscillations in the
vertical and horizontal plane, meaning that they could
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have a mechanical contact with the guide only on a part
of their width, depending on the error from the normal
position of them to the guide.

The'wear
Fig. 11. The wear track on the steel plate

IV. CONCLUSION

The PA46 polyamide — steel type contacts are used in
mechanical transmissions with a wide range of variable
temperatures due to the polyamide’s mechanical
properties — a linear elastic behaviour can be assumed for
the polyamide in the range of temperatures between 20
°C and 90 °C; this is the case of the sliding mechanical
contacts as: cam/plate cam followers, gears,
chain/guides, guides where one of the mechanical parts is
made by steel and the other part by polyamide.

The paper presents the test procedure for the study of
the dynamic friction coefficient and of the wear for the
PA46 polyamide — steel plate type contacts when the
temperature is variable between 20 °C and 90 °C. The
testing procedure — the running in test and the test with
the variable temperature — can be applied for any other
type of contacts when the variation of the temperature
should be considered. In order to validate the results,
there are performed two sets of tests for the variable
temperature.

The dynamic friction coefficient has a descendent
variation during the running-in period due to the
polishing action of the harder material (the steel plate) on
the weaker material (the PA46 polyamide); after 100
minutes of running-in, the dynamic friction coefficient
has a stabilised value at around 0.12, value which is close
to the value from the references [7].

The dynamic friction coefficient has a smooth increase
with the variation of the temperature and it has an
average value of 0.1, value which is also validated by the
tests results from [7].

The variation of the wear with the temperature is
decreasing with the increasing of the temperature due to

the properties of the PA46 polyamide which is
recommended to be used at high temperatures [5].

The limits of the wear track on the PA46 polyamide
disk are determined by the lateral faces of the steel plate
and they have a bigger depth due to the sharp corners of
the plates. The wear track limit from the right side is
higher because this side is placed on a bigger radius
according to the rotational motion.

The shape of the wear on the steel plate is a circular
one due to the rotational motion of the disk. Due to the
clearances on the holder, the steel plate doesn’t have a
contact on the entire width of it. Anyhow, this is a testing
which reproduces a real functioning condition — for
instance the steel plate could be a link from a chain
which is in contact with the active face of a tensioning
guide, made from PA46 polyamide.

In conclusion, the PA46 polyamide — steel plate
contacts are suitable to be used in working conditions
with variable temperatures due to the small values of the
friction coefficient and the small values of the wear.
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