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Abstract. PTFE/aramid woven fiber liners were modified by acrylamide, phosphate ester coupling
agent, respectively. The effects of the modified liner on the friction coefficient, the wear loss and the
friction temperature of self-lubricating spherical plain bearings were investigated by using self-made
compound swinging type friction and wear testing machine. With Instron 5944 electronic universal
material testing machine, the bonding property was analyzed .The results show that the bonding
property of the modified liners have a greater degree of improvement and the friction coefficient, the
wear loss and the friction temperature of the bearing were all decreased. In the three kinds of liners,
the bonding properties and tribological properties of spherical plain bearing with modified by
acrylamide liners were the best.

Introduction

Self-lubricating spherical plain bearings are widely used in practical engineering because of their
advantages of the high load carrying and maintenance-free capacities[1,2].With the increased
requirements in the aerospace, railway machinery and other fields, the higher safety and reliability of
the bearing are required[3,4] .To realize the capacities, a layer of self-lubricating materials is bonded
on the internal spherical surface of the outer ring of the bearing[5,6].The wear failure is the main
failure mode of the self-lubricating spherical plain bearing[7] ,the friction and wear properties of
PTFE/aramid fiber composite were studied by some scholars, but little research has been done on the
friction and wear properties of the modified PTFE/aramid fiber hybrid woven liner. Some studies
have shown that the surface treatment of the liner of self-lubricating spherical plain bearings can
improve the friction and wear properties[8].PTFE/aramid woven fiber liner has excellent self
lubrication and wear resistance properties, but the aramid fiber surface as the adhesive surface of the
liner is smooth, the steric effect of the benzene ring is large, it lacks active groups, which leads to a
poor invasion between the liner and the adhesive interface, the adhesion is poor, so as to the
tribological performance of self lubricating liner is affected. The modified treatment liner was
modified by the strong grafting activity of large molecular chain on the fiber bundle, which can
optimize the interfacial properties of aramid fiber surface, so the physical adhesion between the fiber
surface and the adhesive were improved[9].In this paper, the peel strength and tribological properties
of different types of bearings were studied, and the effects of different modification treatment liners
on the bonding properties and tribological properties of the self lubricating spherical plain bearing
were discussed.

Experiment

Samples preparation.

The model of the self-lubricating spherical plain bearings used in the test is GE20ET-2RS,the
basic structure of bearing is shown in Fig.1 the hybrid woven liners were weaved with PTFE and
aramid, of which the surfaces being rich in aramid fibers were used as the adhesive surfaces .the liner
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was modified, detailed plan is shown in table 1.then the modified and unmodified liners were bonded
to the inner spherical surface of the outer ring with adhesive, after the inner rings were installed the
outer rings, the spherical plain bearings were cured in the oven.
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Fig.1 The basic structure of the self-lubricating spherical plain bearing
Table 1 friction and wear test material of spherical plain bearing

spherical plain bearing The materials of inner and The materials of Liners pretreatment
outer ring liners
1 GCr15 PTFE//Kevlar Untreated
2 GCri15 PTFE/Kevlar AcrylamideTreated
3 GCri15 PTFE//Kevlar Phosphate ester coupling agent
Treated

The liner adopts three treatment options,the specific process is as follows:

Acrylamide treated[10]: the liner is placed in the prepared acrylamide solution to be immersed for
3min at room temperature, and then dried in the oven at temperature of 110°C for 30min,so that the
surface reaction occurs.

Phosphate ester coupling agent treated[11]: the liner was impregnated in the alcohol solution
which was prepared for 15min,and then dried in the oven at temperature of 95°C for 15min.

Test method.

1) Peel test.

The peel strength is one of the quantitative evaluation parameters of the bonding quality of the
liner. The bearing is clamped to the instron5944 type electronic universal material testing machine by
using the self made spherical plain bearing peel fixture, the liner was peeled off from the internal
surface of the outer ring.

The calculation of peel strength is quadrature of the peeling curve by using origin software, the
experiment was repeated three times and taken average peel strength of each test, the specific
experimental formula is as follows:

Gszi
LB

o peel strength, N/mm; C The load represented by the unit height on the stripping curve,

N/mm; S Quadrature of the stripping curve, L peel length of liner, mm, B Width of peeling sample,
mm.

According to the related standard of SAE-AS81820 and combined with actual conditions, the peel
angle of the test is 140°+40°; the peel rate is 19mm/min and collection interval is 2ms.It should make
an adhesion test for the liner before peeling off it to ensure the liner cling by 90%.We should taking a
firmness test for the liner after peeling off it.

2) Friction and wear test.

The experiment was carried out on the self-made compound swing friction and wear test machine,
as shown in Fig.2. According to the relevant standard of SAE-AS81819 and SAE-AS81820 and
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combined with the actual conditions to work out the test plan. The test was carried out at room
temperature, the contact pressure of the bearing was 15kN, the swing frequency is 1.5, 2, 2.5, 3 Hz,
and bearing rotation direction of the swing angle is about £10°, and hold the static pressure for
20min,and then the rotation swing test was carried out for 25000 times. The measurement of the
friction coefficient is obtained by measuring the torque value measured by torque sensor and
referring to the definition of the friction coefficient. The wear loss was characterized by the
displacement of radial line between inner and outer rings measured by displacement sensor. The
frictional temperature is measured by the thermo couple sensor which is inserted into a ®1.2mm hole
on the end face of bearing inner ring. The test is repeated three times and taken average friction
coefficient, wear loss and friction temperature rise of each test.
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Fig 2. Schematic diagram of testing machine for tribology performance of spherical plain bearing

Results and discussion

Influence of modified liner on bonding property of self-lubricating spherical plain bearing.
The repeated experiments were performed on the samples for 7 times, the peel strength of seven
times repeated experiments were taken average, as shown in table 2, the bonding strength of the liner
modified with acrylamide increase maximum; phosphate coupling agent modification processing is
relatively low.
Table 2 Results of peel strength test

peel strength/(N-mm) Integrity checking Reliability
sample
checking
Untreated 0.7858 passed passed
Acrylamide Treated 0.94262 passed passed
Phosphate ester coupling agent passed passed
0.825
Treated
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Fig.3.the peel strength curve of the spherical plain bearings with the liners modified and unmodified
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Fig.4.the tribological properties of the spherical plain bearing with the liners modified and
unmodified along with the swing frequency:(a) friction coefficient (b) wear loss (c) friction
temperature
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Fig 3 shows the peeling curve of liner of the spherical plain bearing before and after
modification,the peel load of bearings with modified liners all increased compared with that with
unmodified liners. the peel load of untreated liner is relatively low, the maximum peel load is about
13KN,when the peel length is 12mm and 34mm,the peel strength has obvious mutation,it shows that
the bonding strength and the bonding behaviors poor,it is easy to cause the self lubrication spherical
plain bearing to fall off due to the poor adhesion between the liner and the matrix in the course of
using, and the friction coefficient is increased. The peel load of the bearing was significantly
increased after the treatment with acrylamide,and it is larger than the peel load of the untreated
bearing,overall the bonding performance is enhanced. the adhesive strength and the bonding behavior
of the bearing is relatively improved. After the treatment of phosphate coupling agent, the peel
strength was improved,which showed that the bonding behavior of the liner was improved after the
treatment. In general, the bonding properties of self-lubricating spherical plain bearing treated by
acrylamide were the best.

Influence of modified liner on tribological properties of self-lubricating spherical plain
bearing.

Seen from Fig4, the friction coefficient, the wear loss and the friction temperature of spherical
plain bearing with modified liners all decreased. As is shown in Fig 4(a), with the increase of the
swing frequency, the friction coefficient of the three types of bearings is presented a decreasing trend,
from the slope, reduction rate of the friction coefficient decreases with the increase of the swing
frequency, at 1.5 ~ 2.5Hz, the friction coefficient of the bearing modified by acrylamide is the lowest,
followed by the treatment of phosphate coupling agent bearing, the friction coefficient of untreated
bearing is largest. After 2.5Hz, the friction coefficient of the three kinds of bearings is reduced,
because frictional heating changed PTFE fiber / aramid fiber composite fabric surface microstructure
and tribological properties when frequency is too large.

As is shown in Fig 4(b),the wear loss of the liners of the modified bearings is lower than the wear
loss of the untreated bearing,In general,the wear loss of the bearing after acrylamide treatment is the
lowest,phosphate coupling agent treatment was followed by,and the wear loss of the bearing
untreated is the largest,.Mainly because the liner after treatment promote the formation of PTFE
transfer film,the wear loss is reduced,the tribological properties are improved.

Fig 4(c) shows that the friction temperature of the bearings with modified liners is lower than that of
the untreated one,the maximum value of friction temperature rise occurs when the swing frequency is
2.5Hz,it is mainly because the sliding speed of the dual surface is increased and the friction
coefficient is decreased with the increase of the bearing swing frequency,resulting in reducing the
heat generated by friction,thus inhibiting the bearing temperature rise.

Summary

(1) The peel strength of the spherical plain bearing was improved after modified treatment. Among
them, the peel strength was improved most by the modification of acrylamide. It is showed that the
bonding property of the fiber surface is improved by the modification of the liner.

(2)Under the different swing frequencies, the friction coefficient, the wear loss and the friction
temperature of the bearing after modification of liner is lower than that of the untreated bearing, after
the liner was modified by acrylamide, the decrease amplitude of the friction coefficient and the wear
loss of the bearing are relatively large, the tribological properties of the untreated bearing were the
worst. The tribological properties of the self lubricating spherical plain bearing were improved after
the liner was modified.

(3)The bonding properties and tribological properties of the liners were analyzed before and after
modification. In terms of bonding properties, the peel strength of the bearing is the highest after the
modification of the liner by acrylamide, the peel strength of the untreated bearing is the lowest .in
terms of tribological properties, under the same working condition, the wear loss and the friction
coefficient of the bearing with modified liner by acrylamide are the lowest, that of untreated bearing
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are the largest, it is showed that improving the bonding strength of the liner is helpful to improve the
tribological performance of the self lubricating spherical plain bearing when swing frequency is low.
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