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Abstract 
With the rapid development of engineering materials, self-lubricating and high strength composites have become a high demand candidate material for pin joints due to their significant potential in downsizing and weight saving. In this study, bearing bushes made from unfilled polyetheretherketone (PEEK) and PEEK composites were investigated for their tribological performance through two sets of experiments, (i) ball-on-disc dry sliding on CETR UMT, and (ii) pin/bush contact on a purpose built pin joint test rig. Continuous rotation and oscillation of shaft were performed with the pin/bush contact configuration. The contact pressure between the bush and shaft ranged from 20 MPa to 140 MPa and articulation speed from 10 deg/s to 60 deg/s. Wear mechanism was investigated through microscopic observation.
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1. Introduction
Self-lubricating materials have been used in industry for many decades, mainly for those applications where fluid lubrication is not feasible, i.e. extreme temperatures, high vacuum, tight clearances etc [1]. Pin joints are required whenever mechanical structures perform articulating movement. For example, conventional aircraft landing gear pin joints are metallic and greased periodically, every 500 cycles. Greasing of the pin joint is a significant recurring cost driver and therefore there has been and will continue to be pressure from aircraft operators to decrease the need for greasing. In addition, bearing pressures drive the pin joint sizes and have an impact on the components size and mass [2-4]. Materials with light weight, high strength and self-lubricating properties are in demand for future landing gear pin joints. 
Polyetheretherketone (PEEK) is one of the most widely used engineering thermoplastics due to its low friction coefficient, good mechanical properties, high heat resistance and good machinability. It has become a promising material to meet the growing demand for lightweight and self-lubricating applications. It has also been reported that adding reinforcing fibres to PEEK has a beneficial effect on its strength and tribological properties [5]. 
In the last two decades, PEEK and its composites have been studied by many researchers concerned with their tribological performances. Koike et al. studied the tribological performance of PEEK roller bearings without lubrication [6]. Bearings were found to fail (shorter service life) under high radial load (>93.1N) due to PEEK material seizure. This is due to the low glass transition temperature of pure PEEK. 
Carbon fibres have been added into PEEK to increase mechanical strength, including yield, tensile and flexural strength [7, 8] as well as increased glass transition temperature and creep resistance [9-11]. These PEEK composites reinforced with carbon fibre were widely studied towards their friction and wear properties [12-15]. Hanchi and Eiss [9] have investigated the friction and wear of 30 wt% carbon fibre reinforced PEEK at elevated temperatures and found that carbon fibre reinforced PEEK exhibited much lower friction coefficient compared with pure PEEK above the glass transition temperature. While, Friedrich et al. found that higher specific wear rate and lower friction coefficients were found with increasing testing temperature for 30 wt% carbon fibre reinforced PEEK [16]. Schroeder et al. compared failure modes in sliding wear for unfilled PEEK and carbon fibre reinforced PEEK [17]. It was found that friction and wear was very much dependant on the material composition of PEEK.
Glass fibre is the most common fibre reinforcement for thermoplastics for reducing the thermal expansion due to its low thermal conductivity [18, 19]. Summer et al. attempted to study the influence of glass fibre on PEEK composite’s tribological behaviour and found that both friction coefficient and specific wear rates using water lubricant showed lower values than that of the dry condition [20]. Li et at. studied the tribological behaviors of 30 wt% glass fibre reinforced PEEK using a ball-on-disc CETR tribo-tester [21]. It was found that both wear and friction properties were improved due to the existence of glass fibre. Bijwe et al. [22] reported that the optimum percentage of short glass fibre (GF) was 30 wt.% for highest wear resistance of polyetherimide (PEI). 
Polytetrafluoroethylene (PTFE) incorporated with graphite is normally used as a filler to achieve reduced adhesion and internal lubricating for composite materials [23, 24]. The formation of a PTFE transfer film on the contacting surfaces reduces the coefficient of friction [10]. Friedrich et al. reviewed the effect of various fillers on the friction and wear of PTFE-based composites and found that the specific wear rate was highly determined by the type of fillers but weakly dependant on sliding speed [24].
Despite a high volume of published work, the high performance properties of PEEK composites have not been entirely understood in practice, especially for bearing material used in machinery and this is the main goal in this study. The purpose of this work is to compare the friction and wear characteristics of four types of PEEK composites and determine how the reinforcement affect their performances as bearing materials. 
2. Methodology
2.1 Materials
In this work, four materials, unfilled PEEK, 30 wt% carbon fibre reinforced PEEK (Composite A), 30 wt% glass fibre reinforced PEEK (Composite B) and 10 wt% carbon fibre reinforced, 10 wt% graphite and 10 wt% PTFE modified PEEK (Composite C) were studied for their tribological properties, shown in Table 1. All materials were produced by injection moulding and purchased from Ensinger Ltd (UK). 
2.2 Ball-on-disc reciprocating sliding tests
Two sets of tribo-tests were conducted in this study. The first set introduced in this section includes reciprocating sliding tests using a CETR universal tribometer UMT. The contact configuration was made of 30 × 30 × 20 mm PEEK/PEEK composite plates sliding against a static chrome steel ball (5 mm diameter). Tests were carried out under varying conditions that can be summarised as short-term friction tests and long-term wear tests, 
1) short-term friction tests at constant load (100 N), varying speeds up to 40 mm/s, 5 mm stroke distance;
2) short-term friction tests at constant speed (20 mm/s), varying loads up to 200 N, 5 mm stroke distance;
3) long-term wear tests at constant speed (40 mm/s) and loads of 50, 100, 150 and 200 N, 15 mm stroke distance.
For clarification, ‘short-term’ refer to 20 s friction tests while ‘long-term’ refer to 1-hour wear tests. All tests were conducted without lubrication, under room temperature and humidity. Friction force and the normal load was recorded for working out the coefficient of friction on the interface. 
2.3 Pin joint test apparatus and instrumentation
The second set of tests was carried out with the purpose built pin joint test rig under varying articulation conditions. In this experiment, PEEK and PEEK composites were machined into bush halves with an inner diameter of 10 mm and wall thickness of 5 mm, shown in Figure 1. A hard chrome plated 316 steel shaft was adopted as a testing pin for contacting with bush halves. 
Figure 2. shows photos of the contact between the shaft and bush on the purpose built pin joint test rig. Two bush halves were sitting in separate bush holders that were located above and below the pin. In loading, the lower bush holder was lifted up by an Enerpac RSM200 manual hydraulic cylinder while the upper bush holder was kept static. The details of bush in bush holder are shown in Figure 2 (b).
The shaft driven by a AKM42H (120 V) motor connected with a Micron XTRUE 160 planetary gearhead could be set in either continuous rotation mode or oscillation mode. A FUTEK FSH02059 torque transducer (200 Nm capacity) and a C-FW compression load cell (capacity of 100 kN) were used to measure the frictional torque on the shaft and normal load applied on bushes. During testing the duration of each test, the angular position of pin, the normal load and the frictional torque were recorded.
The overall monitoring, recording and control of the rig was via a PC using a software program written in LabVIEW. Figure 3(a) shows the angular displacement cycles of the shaft in testing. The shaft was designed to rotate at a constant speed. Figure 3 (b) and (c) show recorded frictional torque against time and angular position of pin respectively, from which the coefficient of friction was calculated.
In order to achieve a thorough understanding of the pin joint operating performance, both continuous rotation and oscillation were applied to the tested pin. An angular articulating displacement of ±60° was adopted for oscillation tests in this study. Pin/bush tests were carried out without lubricant and at the room temperature and humidity for studying the self-lubricating properties of PEEK composites. For clarification, the second set tests are summarised as:
1) constant load (around 90 MPa), varying speeds up to 60 deg/s, continuous rotation and oscillation modes;
2) constant articulating speed (40 deg/s) varying loads up to 130 MPa, continuous rotation and oscillation modes;
3) constant load (100 MPa) and speed (40 deg/s), 1-hour friction test, oscillation modes.
Test 1) was to study the influence from rotational speed on pin joint frictional property. Test 2) investigated how friction coefficient varied with loads while test 3) was for studying the friction evolution with rotational cycles.
Figure 4 shows a sketch of the contact between bush and shaft in this study. The shaft is contacting with two bush halves, therefore the nominal contact pressure, p, is
                                                                  (1)
Where P is the normal load, R is the radius of the shaft which is nominally the same as the inner diameter of the bush as 10 mm, L is the contact width which is the length of the bush, L=10 mm, in this study, and α is the contact angle between the pin and bush.
2.4 Microscopy
 In this study, Inspect F FEG-SEM (FEI, Netherlands), was used to characterize the worn surfaces of the samples with an accelerating voltage of 10 kV and spot size of 3.5. Surfaces were sputter coated with gold before SEM analysis to avoid charging. Wear debris were imaged by Alicona InfiniteFocusSL microscope (Alicona Imaging GmbH, Graz, Austria). The technique uses optical microscopy and focus variation technology to extract 3D morphology and depth information from the surface.
3. Results and discussions
3.1 Short reciprocating tests on UMT
In order to understand the effect of normal load and sliding speed on the friction of the interface between the chrome steel ball and PEEK composites, reciprocating sliding tests were conducted on UMT under varying loads and sliding speeds. Sample plates were polished before sliding tests with surface roughness of 0.8 µm, 0.73 µm, 0.96 µm and 0.67 µm for PEEK, Composite A, Composite B and Composite C respectively. 
Figure 5 and 6 show how friction coefficient is affected by reciprocating sliding speed and normal load. Self-lubricating additives have significantly enhanced the friction as Composite C shows the lowest friction for all loads and speeds. Compared with PEEK composites, pure PEEK presented an un-predictable correlation between friction coefficient and speeds (Figure 5). The friction coefficient of PEEK and Composite B increased with load while Composite C showed almost constant against load, shown in Figure 6. The addition of glass fibre or carbon fibre didn’t seem to have positive influence in improving the friction property as Composite B showed high dependence on normal load (Figure 6) and sliding speed (Figure 5). 
3.2 Wear tests on UMT
Figure 7 shows typical evolutions of friction coefficient with dry sliding distance under varying normal loads for all materials. It can be seen that there was an initial increase in the friction coefficient in the run-in stage except for Composite C, which stabilised quickly with sliding distance. The tribological behaviour was drastically influenced by the composition and properties of each material. In the stabilised stage when the friction coefficient became constant against sliding distance, pure PEEK and glass fibre reinforced PEEK presented a relatively high friction which was much higher than other two composites, especially at higher loads. The lowest coefficient was found to be 0.18 for Composite C (filled with carbon fibre + graphite + PTFE), whereas a maximum friction coefficient was 0.47 for unfilled PEEK at 200 N. One reason for the low friction for Composite C was due to graphite’s lamellar structure which improves the dissipation of frictional heat on the interface. The existence of carbon fibre improved the friction property for Composite A compared with Composite B with glass fibre.
Wear was measured by mass loss, . Wear rate of the material W, in mm3/Nm, was therefore calculated by using the following equation,
                                                                      (2)
Where   is the density of the specimen, P is the normal load and L is the total sliding distance. Dry sliding tests were carried out under room temperature and humidity. It is assumed that there is no moisture absorption of PEEK composites during sliding tests.
The evolution of wear rate with normal load is illustrated by Figure 8. It is clearly shown that for each material, higher normal loads lead to higher wear rates. In addition, the wear rate was evidently influenced by material compositions. Unfilled PEEK showed the lowest wear rate under most loads except at 200 N. At lower loads, it was even better than Composite A which was mechanically enhanced by carbon fibre reinforcing. However, Composite A presented the lowest influence of load on wear rate. Its wear rate increased from 3.32 × 10-6 mm3/N·m at 100N to 10.3 × 10-6 mm3/N·m at 200 N while for PEEK from 64.89 × 10-6 mm3/N·m to 426.66 × 10-6 mm3/N·m. This was because the reinforcement of the PEEK with carbon fibres increased its mechanical strength and resistance to plastic flow under higher loads, therefore resulting in the lowest wear rate at 200 N. Composite C did not show an improved anti-wear performance even though presents the lowest friction. Together with Figure 7, Composite A showed the best overall friction and wear characteristics. 
3.3 Worn surfaces analysis
After oscillating sliding against a chrome steel ball, worn surfaces of PEEK composites were investigated by SEM in order to determine the predominant wear mechanism. Figure 9 shows SEM photomicrographs of worn surfaces after one hour sliding with load of 100 N and sliding speed of 40 mm/s, while Figure 10 shows images of wear debris for each composite taken from Alicona InfiniteFocusSL. During testing, a significant amount of wear debris had accumulated next to the wear track after testing which indicated severe abrasive wear. Due to the requirement of the SEM imaging, loose debris were collected for separate imaging (Figure 10). For clarification, as this work focused on the tribological performance (friction and wear) of PEEK and PEEK composites as bearing materials, worn surfaces of counterparts were not presented. 
From Figure 9, it can be seen that the wear surfaces of PEEK, Composite A and B exhibited very smooth characteristics. Plastic deformation was observed covering the composite surface after wear abrasion debris had been pushed aside of the wear track. However, worn surfaces of composite C indicated a clear adhesion wear mechanism. The existence of graphite and PTFE which have different dispersed phases to PEEK matrix causes discontinuous and poor bonding between additives and the matrix. It is therefore reasonable to expect a relatively high wear rate of this composite especially under higher loads. This agrees with Figure 8 that Composite C possesses a higher wear rate among all loads compared with PEEK and composite A. The reciprocating direction and wear scar width marked on Figure 9 (a) apply to all images in Figure 9. 
Wear debris from pure PEEK was significantly larger compared with other composites (Figure 10). The presence of fibres reduced the probability of the formation of larger debris chips while the sheared layers accumulated on the interface, shown in Figure 10(b) and (c). Unsurprisingly, fine wear debris were observed for Composite C due to the existence of graphite and PTFE shown (Figure 10(d)). 
Figure 11 depicts more detailed information of worn surfaces for PEEK and PEEK composites after one-hour wear test under 100N load. The unreinforced PEEK consisted of smoother surface inclusive of relatively small cracks. Due to its high tensile elongation, pure PEEK exhibited lower wear rate even clear plastic deformation was observed on the worn track. Higher level of fibre breakage (carbon fibre and glass fibre) were visible on the worn surfaces, shown in Figure 11(d) and (f) respectively. During dry sliding, the interfacial shear lead to fibre/matrix debonding, pulling out and therefore pulverizing of fibres. Coarse wear particles found on Composite C worn surface resulted in increased roughness. This phenomenon indicated the weak bonding between PTFE, graphite and the matrix. Even though the self-lubricating additives reduced the friction, they did not help to maintain good anti-wear performance. In other words, the composite strength was deteriorated by the existence of self-lubricating agents. For pure PEEK, frictional heat developed in reciprocating sliding softened the material, tearing along cracks caused bearing surface failure, shown in Figure 11 (a) and (b). Figure 11(a) (c) and (e) show pronounced micro-cracking on the worn surfaces which are perpendicular to the sliding direction. This was more typical for composite B (Figure 11(e)) due to debonding, pulling out, pulverizing of glass fibres from matrix. The wear behavior of Composite C was governed by both abrasion and adhesion, see Figure 11(g) and (h). The findings in this study are slightly different to observations in [25] where abrasion was the dominant wear mechanism for the same material. This is probably due to much higher load applied on the composite surface in this study, around 150 MPa compared to 4-10 MPa in [25]. Normally, different wear mechanisms are simultaneously operating, depending on the whole tribo-system.
3.4 Friction tests with pin joint test rig
Figure 12 presents three repeats of the friction test for PEEK under varying operating conditions. In both continuous rotation and oscillation mode of the shaft, the friction coefficients were calculated and plotted against shaft angular speed and contact pressure. Good repeatability was exhibited for each test. 
There was a clear difference of frictional behaviour between the two rotation modes of the shaft, continuous rotation and oscillation. Friction coefficient was found to decrease with angular speed, followed by a slight increase in the continuous rotation mode, shown in Figure 12(a). However, for the oscillation case in Figure 12(c), it showed a clear increase with angular speed and reached a maximum of 0.4 at 60 deg/s, whereas the friction coefficient was 0.28 for continuous rotation at the same speed. Unsurprisingly, friction coefficient against contact pressure showed much smoother and lower values for the continuous rotation than that from the oscillation movement (Figure 12(b) and (d)). This indicates that the self-lubricating conditions in continuous rotation mode were better than those in oscillation mode. 
Figure 13 compares frictional performance of PEEK composites influenced by contact pressure and articulating speed when sliding against the hard chromed 316 steel shaft. The friction coefficient showed a decreasing trend against sliding speed and contact pressure, except the PEEK bush. The behaviour of unfilled PEEK showed a higher friction and opposite trend compared with the other three composites (Figure 13 (c) and (d)). This was due to the fact that unfilled PEEK had the lowest thermal conductivity of 2.9, it was therefore more sensitive to the frictional heat produced by dry sliding. In addition, in the oscillation mode the operating conditions were expected to be more sever compared with those in the continuous rotation mode as the oscillation interrupted the formation of a stable tribo-layer on the interface.
Composite C which was PEEK blended with solid lubricant (PTFE and graphite) and carbon fibre possesses the best frictional performance among all tested materials. The friction coefficient stayed almost constantly as low as 0.1 up to the end of the incremental speed tests (10-60 deg/s), shown in Figure 13(a). The combination of PTFE, graphite and carbon fibres play a major role in this tribosystem. As the PTFE particles are homogeneously dispersed in Composite C, a continuous self-replenishment of solid lubricant to the contact was achieved in rotating. This process therefore kept the friction coefficient of Composite C highly stable at low values. Composite C was also the only material that presented the lowest influence of the shaft motion mode on its frictional performance. The friction coefficient was slightly lower in the oscillation mode shown in Figure 13(c). This indicated that the tribo-layer composed of PTFE and graphite would not tend to be disturbed on the interface in the oscillation mode.
Composite A and B showed higher sensitivity to the shaft rotational mode as the amplitudes of friction coefficient show significant difference. Glass fibre reinforced PEEK, Composite B showed the highest friction if the shaft was in continuous full rotation, which was around three times higher than Composite C (Figure 13 (a) and (b)). The existence of carbon fibre in Composite A improved its frictional performance when the shaft was in continuous rotation (Figure 13 (a) and (b)) but deteriorated its performance in oscillation, especially at lower speeds (Figure 13 (c) and (d)). 
Figure 14 shows one-hour duration tests for each tested material under a load of approximately 100 MPa and oscillation speed of 40 deg/s. Each test was started from room temperature and humidity without lubricant. A failure was observed for Composite B after 500 cycles evidenced by the sharp increase in friction coefficient. For the long duration test, pure PEEK showed the highest friction while Composite C showed the lowest. The existence of fibres, either carbon fibre or glass fibre, decreased the friction at the interface between the chromed steel and PEEK composite bush. 
In order to understand the wear mechanism, inner surfaces of bushes were examined by SEM photomicrographs, shown in Figure 15. Plastic deformation of PEEK matrix caused by normal load produced a smooth inner surface of the bush. Apart from scattered wear debris, no cracks were observed on the worn surface (Figure 15(a)). For composite A, unlike ‘smooth’ worn surface in the ball-on-disc configuration (Figure 11(c)), formation of laminal debris, typical of surface cracking, was evident in the worn surface which indicated surface fatigue was acting in sliding (Figure 15(b)). Carbon fibres were still well bonded with the matrix without being exposed on the surface. The good bonding between carbon fibre and the matrix enhanced the ability of the fibre to carry both the mechanical and tribological loadings. This may be the reason for its slightly higher but more stable friction coefficient against sliding cycles compared with other composites. Composite B with glass fibre presented the roughest worn surface (Figure 15 (c)). Glass fibres were pulled out of the matrix along the sliding direction due to friction, shown in the picture. This process weakened the contact surface leading to high damage on the composite surface. These debonded glass fibres were then pulverised and distributed on the interface which caused further abrasive wear on the composite surface. It can be concluded that fibre breakage, shear layer accumulation, subsequent removal, together with pulverization of fibres governed the main wear mechanism for the sliding wear fibre reinforced PEEK composites. Composite C presented a relatively ‘smooth’ worn surface with distributed flaky debris of graphite and PTFE due to the interfacial shear (Figure 15(d)). It was believed that a tribo-layer composed of graphite and PTFE is formed on the contact between the shaft and bush, providing a self-lubricating effect and therefore reducing the friction on the interface. 
  4 Conclusions
In this study, two sets of experiment demonstrated the friction and wear properties of PEEK and PEEK composites for use in pin joint bush contacts. Table 2 summarises these experimental findings in this study. The wear data has been substantiated using SEM photomicrographs and Alicona InfiniteFocusSL images. Adhesive and abrasive wear mechanisms were operative and verified, including fibre fracture, surface crack, tearing of the matrix, and wear debris formation. 
It was found that tribological behaviour was not only influenced by the composition and properties of the material but also by testing configurations. Unfilled PEEK exhibited a relatively high wear resistance compared with other composites. However, it showed the highest friction coefficient of 0.38 in this study when it was contacting with an oscillating chromed steel shaft. In the case of Composite B, it presented good tribological performance in pin/bush oscillation mode, with a friction coefficient as low as 0.14, much lower than Composite A. However, the highest wear rate prohibits its use as a bearing material. 
Composite C, reinforced by carbon fibre and modified by graphite and PTFE as internal lubricants, did show the best self-lubricating behaviour in both ball-on-disc and pin/bush contact configurations under all operating conditions, including varying speeds and loads. However, the combination of those additions significantly reduced its wear resistance.
Over a wide range of testing conditions, carbon fibre reinforced PEEK (Composite A) showed the best overall tribological characteristics among four test materials. Carbon fibres were superior to glass fibres in enhancing sliding wear resistance for Composite A in addition to the matrix’s improved mechanical strength and frictional performance. 
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Figure 1. Front and side views of tested bush halves made from PEEK and PEEK composites
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Figure 2. Photos of the contact configuration between shaft and bush, (a) contact between shaft and bush and (b) bush located in bush holder
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Figure 3. Typical data recorded by the pin joint test rig, (a) pin angular position, (b) frictional torque against time and (c) frictional torque against angular position
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Figure 4. Sketch of contact between bush and shaft under a normal load P and articulating speed v
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Figure 5. Influence of reciprocating sliding speed on coefficient of friction for PEEK and PEEK composites contacting with chrome steel ball[image: ]
Figure 6. Influence of normal load on coefficient of friction for PEEK and PEEK composites contacting with chrome steel ball
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Figure 7. Coefficient of friction varying with sliding distance and normal loads for (a) PEEK, (b) Composite A, (c) Composite B and (d) Composite C
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Figure 8. Wear rate under varying loads for PEEK and PEEK composites
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Figure 9. SEM worn surface morphology of PEEK composites sliding against chrome steel ball with sliding speed: 40 mm/s, load: 100N, duration:60 min, (a) PEEK, (b) Composite A, (c) Composite B and (d) Composite C
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Figure 10. Images of wear debris taken by Alicona InfiniteFocusSL, (a) a particle of PEEK wear debris, (b) debris of Composite A, (c) a particle of Composite B debris and (d) more fine wear debris of Composite C 
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Figure 11. Lower and higher magnification SEM images of worn surfaces, (a)(b) PEEK, (c)(d) Composite A, (e)(f) Composite B, and (g)(h) Composite C
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Figure 12. Friction coefficient varying with shaft angular speed and nominal contact pressure for PEEK, in (a) & (b) continuous rotation mode and (c) & (d) oscillation mode
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Figure 13. Friction coefficient for PEEK and PEEK composites varying with shaft angular speed in, (a) & (b) continuous rotation mode and (c) & (b) oscillation mode
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Figure 14. Evolution of friction coefficient varying with shaft oscillation cycles for PEEK and PEEK composites
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Figure 15. SEM morphology of bush inner surfaces, oscillating sliding against hard chrome plated 316 steel shaft, sliding speed: 40 deg/s, load: 100MPa, duration: 60 min, (a) PEEK, (b) Composite A, (c) Composite B and (d) Composite C


Table 1. Mechanical and thermal properties of the materials used in this work
	
	Density, g/cm3
	Elastic modulus, GPa
	Tensile strength,
MPa
	Tensile elongation, 
%
	Melting temperature, 
°C
	Thermal conductivity, Wm-1°C-1

	PEEK
	1.31
	4.48
	110
	40
	334
	0.29

	Composite A
	1.41
	6.34
	121
	7
	334
	0.92

	Composite B
	1.53
	6.89
	103
	2.2
	334
	0.3

	Composite C
	1.46
	5.52
	76
	2.5
	334
	0.82



Table 2 Friction, wear and self-lubricating properties for studied materials
	
	Ball-on-disc friction coefficient,
@100N & 40mm/s 
	Pin bush friction coefficient in continuous rotation,
@90MPa & 60deg/s
	Pin and bush friction coefficient in oscillation,
@90MPa & 60deg/s
	Ball-on-disc wear rate, ×10-6 mm3/N·m, @200N

	PEEK
	0.17
	0.28
	0.38
	426.66

	Composite A
	0.21
	0.15
	0.26
	260.89

	Composite B
	0.24
	0.35
	0.14
	607.38

	Composite C
	0.09
	0.09
	0.08
	562.87
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