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Abstract

The tribological behavior of the friction pairs in a high-pressure vane pump under variable working conditions was experimentally 
studied; in particular, the effects of the varying sliding velocity (1.45–3.61 m/s) and contact pressure (0.11–0.44 MPa) on the friction 
coefficient and wear rate of the friction pairs in pumps with and without vanes in the vane slot of rotor were investigated. In both cases, 
the friction coefficient increased with increasing sliding velocity and decreased when the increase of contact pressure in two cases when 
the contact pressure is 0.22 MPa. Further, the wear rate decreased with increasing contact pressure. With increasing velocity, the friction 
coefficient was more influenced by the vane compared with wear rate. The main tribological mechanism of wear surface of the valve 
plate is mechanical ploughing. At a sliding velocity of 2.89 m/s, both with and without vanes, increasing the contact pressure resulted 
in a reduced friction coefficient and enhanced wear rate. When the contact pressure increased, the vane did not significantly influence 
the friction coefficient and wear rate. During this time, the wear surface morphology of the valve plate exhibited mainly mechanical 
plowing and adhesion wear marks.
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1 Introduction

Vane pumps are advantageous owing to features such as 
small overall dimensions, compact structure, uniform flow, 
stable operation, low noise, and long service life. They have 
various applications, such as in machine tools, metallurgy, and 
injection molding machines [1-5]. There are three friction pairs 
in a vane pump: the sliding friction of the rotor on the valve 
plate surface, that of the vane sliding in the radial direction 
in the vane slot of rotor, and that of the vane top scraping 
the stator’s inner surface in the circumferential direction [6-
10]. With the development of high-pressure vane pumps, an 
increase in the working pressure or rotating speed will have 
different effects on the friction and wear morphology of these 
friction pairs [11-14]. Increasing the fluid pressure in the oval 
oil chamber of the intra-vane increases the contact force when 
the vane tip slides on the stator’s inner surface. Excessive 
scraping force will induce vane deformations and fractures and 
produce vibration scratches on the inner surface of the stator. 
The telescopic motion of the vane in the vane slot of rotor will 
cause the wear of its side in contact with the slot and reduces 
its thickness. Despite the good tribological characteristics of the 
valve plate and rotor, increasing the oil pressure enhances the 

compression force between them, leading to rapid wear on the 
contact surfaces [15-18]. Vane pumps often exhibit valve plate 
wear phenomenon in actual use. The rotor is found too often 
induce scratches on the surface of the failed valve plate, and the 
copper plating falls off owing to adhesion wear when the valve 
plate is considerably worn.

The research on the vane pump friction pairs has yielded 
the following results: Zhao et al. [19] have formulated the 
pressure–flow characteristic equation of the pressure-limiting 
variable vane pump and pointed out that friction resistance 
would cause its hysteresis; they experimentally confirmed that 
the loading and unloading curves of the pump do not coincide 
because of friction resistance. 

Chen et al. [20] investigated the vane pump material and 
discovered the reason for its wear failure. According to the 
results of microstructure and hardness analysis indicated that 
the working environment and structure of a two-vane pump 
greatly influence the failure form of the vane pump material; 
in addition, they suggested that the depth of the nitriding layer 
and vane hardness should be optimized in terms of processing 
technology and materials. 

Li et al. [21] experimentally studied the influence of rotation 
speed on the friction characteristics of the valve plate friction 
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pair in a vane pump and concluded that with increasing 
rotational speed, the friction coefficient increased and wear rate 
decreased.

Currently, through the research on and advances in 
the vane pump design and manufacture, the performance, 
working pressure, and service life of vane pumps have been 
greatly improved [22-27]. However, few studies on the friction 
and wear of the vane, rotor, and valve plate in terms of 
tribological behavior exist. An investigation of the tribological 
characteristics of the friction pairs in high-pressure vane pumps 
could significantly contribute to their design optimization 
and performance and service life improvement [28-30]. A set 
of friction and wear test system was innovatively designed 
to simulate the operation of vane pump in this paper, mainly 
analyzed the wear mechanism and failure forms of the valve 
plate under variable working conditions, such as the sliding 
speed and the contact pressure of the rotor and the valve plate, 
which provided a theoretical basis for the development of vane 
pump to high speed and high pressure.

2 Friction test on the vane pump friction pairs

2.1 Test model
The test object was 25VQ21 double-acting vane pump, 

and it’s theoretical flow rate was 67.5 mL/r, the maximum 
rotation speed and working pressure was 2500 r/min and 21 
MPa, the structure diagram of the pump as show in Fig. 1. 
The "I", "II" and "III" marked on the surface of the valve plate 

in Fig. 1 are respectively the damping groove for the bottom 
cavity of the vanes, the damping groove for the middle cavity 
of the main vanes and small vanes, the oil discharge ports. 
The test model of the vane pump was designed to simulate 
the working conditions of a real vane pump. To observe the 
internal structure of the vane pump, a semi-transparent shell 
was utilized. The test model, valve plate, rotor, and vanes are as 
shown in Fig. 2. A sealing gasket was installed between the top 
cover and the pump case, which was pressed by four hexagon 
bolts to avoid oil leakage from the gap. In addition, the using 
of the skeleton seal ring solved the problem of oil leakage from 
the gap of the pump shaft and the top cover during the shaft 
was rotating. The test model was placed on the friction testing 
machine; its main shaft was connected to the pump shaft. The 
rotor was driven by the pump shaft, and its outer ring was 
equipped with a stator. A valve plate was installed on the lower 
side of the stator. When the rotor was moved by the shaft, the 
three friction pairs were formed.

In the selection of materials of friction pairs, bronze and 
steel are a pair of typical antifriction materials, which have good 
wear resistance performance. Therefore, this paper used the 
valve plate coated with bronze layer and the rotor, stator, vanes 
made of steel as friction pair materials. The contour arithmetic 
mean deviation (Ra) is usually used to characterize the surface 
roughness and represents the micro unevenness. In this paper, 
the contour arithmetic mean deviation of each part was Ra = 
0.8 μm. The rotor, stator, vanes, and valve plate were made of 
20CrMnMo steel, the valve plate surface in contact with the 

Fig. 1 Structure diagram of double-acting vane pump

Fig. 2 Test model of the vane pump and it’s parts
(a) Test model of the vane pump  (b) Valve plate  (c) Rotor

(a) (b) (c)
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rotor was plated with a 0.5-mm-thick layer of CuPb10Sn10 
bronze, the surface bronze of valve plate is usually processed 
by electroplating and thermal spraying. Therefore, the friction 
and wear test was actually the test of rotor, stator and vanes 
of 20CrMnMo material and that of valve plate of CuPb10Sn10 
material, the main physical properties of these alloys are 
summarized in Table 1.

2.2 Test principle
A friction and wear test system was designed (Fig. 3); it 

mainly comprised an double-acting vane pump test model, a 
vertical friction and wear tester, a small hydraulic station, and a 
data acquisition computer.

The working principle of this tester is schematized in Fig. 
4. The shaft of the testing machine was connected to the rotor 
of the double-acting vane pump; thus, the rotor moved at a 
certain speed and the shaft speed was detected and adjusted 
using the rotational speed sensor. The pump case and valve 
plate were fixed to the guide shaft. The force sensor was placed 
against the lower end of the connecting shaft of the vane pump 
and could be lifted and lowered by manually rotating the screw 
shaft. The torque sensor was mounted on the connecting shaft 
for detecting the friction torque between the friction pairs. The 
collected shaft speed, test force, and friction torque data were 
transmitted to the data acquisition computer and processed in 
real time.

A small hydraulic station (Fig. 5) was designed to prevent 
the adverse influence of high temperature on the experimental 
process; it could supply the oil pressure for the vane pump 
and dissipate the heat of the oil. The oil circulated from the 
hydraulic station to the test model from bottom to top.

For comparability purposes, the friction and wear tests 
were conducted under two conditions: with and without vanes 
installed in the vane slot of rotor; the change curves of the 
friction coefficient thus obtained were measured separately. 
The value obtained in the case without installed vanes indicates 
the friction coefficient of the rotor–valve plate friction pair; 
the value obtained in the case with installed vanes is the 
comprehensive friction coefficients of the rotor–valve plate, 
rotor–vane, and vane–stator friction pairs, which refers to the 
overall effect of the interaction between friction pairs.

The friction coefficient f and wear rate ws were calculated 
using Eqs. (1) and (2), respectively:

(1)

and

(2)

 

Property 20CrMnMo CuPb10Sn10 

Tensile strength (MPa) 1180 250 

Yield strength (MPa) 885 230 

Elongation (%) 10 64 

Shrinkage (%) 45 50 

Impact toughness (J) 55 178 

Brinell hardness (HBS) 217 75 

Modulus of elasticity (GPa) 210 108 

Poisson ratio 0.3 0.35 

 

Table 1 Main physical properties of 20CrMnMo and CuPb10Sn10

Fig. 3 Friction and wear test system

Fig. 4 Working principle of the friction testing machine

Fig. 5 Hydraulic station

f = T
RN

ws =
∆m

2×60πrnρN
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Where f is the friction coefficient of friction pairs; ws is the 
wear rate of the valve plate (× 10−8 mm3/Nm); T is the friction 
torque measured by the friction torque sensor (N·m); R is the 
friction radius corresponding to the friction torque (m), R = 
0.023 m; N is the loading force (N), N = 200 N, 400 N, 600 N, 
800 N; Δm is the wear weight (mg); r is the average radius of 
the rotor in contact with the valve plate (mm), r = 0.023 m; n is 
the shaft speed of the friction tester (r/min), n = 600 r/min, 900 
r/min, 1200 r/min, 1500 r/min; and ρ is the density of bronze 
coating on the valve plate (mg/mm3), ρ = 8.9 mg/mm3.

The sliding velocity v and contact pressure σ were given by 
Eqs. (3) and (4), respectively:

(3)

and

(4)

Where v is the sliding velocity of the rotor relative to the 
valve plate surface (m/s); σ is the contact pressure between rotor 
and valve plate (MPa); and S is the contact area (m2), S = 1.818 
× 10−3 m2. The contact area S is the area of the yellow shadow as 
shown the Fig. 6 when the rotor is installed vane or not.

The tests were conducted at a sliding velocity of 1.45–3.61 
m/s, a contact pressure of 0.11–0.44 MPa, ambient temperature 
approximately 20°C, and relative humidity of 50% ± 5%. The 
No. 46 anti-wear hydraulic oil was used for the experiments. 
Each friction pair was tested continuously for 60 minutes to 
obtain a steady friction coefficient, and the algebraic average 
value of the friction coefficient was considered as the average 
friction coefficient. Subsequently, the mass loss of the valve 
plate was measured using an electronic balance with an 
accuracy of 0.1 mg. The wear surface morphology of the valve 
plate was analyzed using an optical microscope.

3 Experimental results

3.1 Friction coefficient of friction pairs at different sliding 
velocities and contact pressures
Figure 7 shows the variation curves of the friction coefficient 

at different sliding velocities and a contact pressure of 0.22 MPa. 
The friction coefficient curve of the rotor–valve plate friction 
pair without installed vanes is shown in Fig. 7(a), and the 
comprehensive friction coefficient curve with installed vanes is 
shown in Fig. 7(b).

For the rotor–valve plate friction pair, the curve tended 
stabilize over time (Fig. 7(a)), when the contact pressure is 
0.22 MPa and without installed vanes, indicating no obvious 
running-in process of the friction pair during grinding probably 
because this pair had good tribological behavior and quickly 
entered a good friction state. In addition, when the sliding 
velocity was between 1.45 and 3.61 m/s, an oil film of a certain 
thickness was formed between the rotor and the valve plate, 
effectively reducing their direct surface contact. Therefore, the 
friction coefficient of the rotor–valve plate friction pair was 
low at different sliding velocities. Furthermore, Fig. 7(a) shows 
that the friction coefficient of the rotor–valve plate friction 
pair gradually increased with increasing sliding velocity in 
the absence of installed vanes; this may be because the sliding 
speed of the rotor relative to the valve plate was low when the 
rotating speed is low and the heat caused by friction was small. 
The hydraulic station continuously injected the cooled oil into 
the oil chamber of the vane pump. The increase in temperature 
due to friction was insufficient to increase the vane pump 
temperature so that the pump operates at a relatively stable 

v = 2πrn
60×1000

σ = × 10−6N
S

Fig. 6 Schematic diagram of contact area of rotor-valve plate 
friction pair

Fig. 7 Variation curves of the friction coefficient at different sliding velocities
(a) Without installed vanes  (b) With installed vanes

(a) Without installed vanes                                             (b) With installed vanes
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temperature; therefore, the friction coefficient of the rotor–
valve plate friction pair was relatively small when the sliding 
velocity was low. However, as the sliding velocity increased, the 
instantaneous heat generated by friction could not be dissipated 
in time, resulting in an increasing-friction-coefficient trend.

The change rule for the friction coefficient shown in Fig. 
7(b) is the same as that shown in Fig. 7(a): The comprehensive 
friction coefficient increased with increasing sliding velocity but 
its rate of increase was higher in cases wherein the vanes were 
installed compared with when the vanes were not installed. The 
friction test with installed vanes yielded a higher change rate 
of the friction coefficient than that without installed vanes. In 
Fig. 7(b) the running-in process of the rotor-valve plate friction 
pair was not too obvious when the sliding velocity was 1.45 m/s. 
Signs of running-in process could be observed at higher sliding 
velocities (2.17, 2.89, and 3.61 m/s), but the running-in process 
was relatively short and the friction pair quickly passed through 
the running-in process into a state of normal wear.

This can be interpreted as follows: when installed vanes are 
present, the friction coefficient represents the comprehensive 
friction coefficient. This comprehensive friction coefficient was 
larger than that in the case without installed vanes because it 
included two other friction pairs: the rotor-valve plate, and 
vane–stator friction pair. The increase in the comprehensive 
friction coefficient was mainly due to the scratching of the inner 
surface of the stator during the circular motion of the vane; the 
vane scraped the inner surface of the stator mainly because the 
acceleration of radial telescopic of the vane in the vane slot of 
rotor increases with faster rotor motion, leading to increased 
centrifugal force of the vane. Furthermore, the existence of the 
inner curve of the stator accelerated the radial telescopic of the 
vane, increasing the probability of the vane striking the inner 
surface of the stator. Therefore, the comprehensive friction 
coefficient increased.

To better understand the variation of the friction coefficient 
in the two cases, the friction coefficient variation curves (Fig. 7) 
were further analyzed. Consequently, the relationship between 
the friction coefficient and sliding velocity was obtained, as 
shown in Fig. 8.

In the two cases, the average friction coefficient increased 
gradually with increasing sliding velocity. This increase was 
relatively faster in the cases with installed vanes than without 

installed vanes. This indicates that the proportion of the friction 
generated by the vane striking the inner surface of the stator 
gradually increased with increasing sliding velocity. The main 
proportion of friction and wear are gradually shifted from the 
rotor–valve plate friction pair to the vane–stator friction pair. 
Therefore, during the pump operation at medium and low 
rotational speeds, the friction wear mostly occurred on the 
surface of the valve plate; additionally, friction and wear to the 
inner surface of the stator owing to the vane gradually increased 
with the increasing shaft speed of vane pump.

Figure 9 illustrates the variation curves of the friction 
coefficient at different contact pressures at a sliding velocity 
of 2.89 m/s. In the case without installed vanes, the average 
friction coefficient reached 0.11 when the contact pressure was 
0.11 MPa, which is at a higher level than the other pressure 
conditions (Fig. 9(a)). Curve 1 shows a significant downward 
trend and starts to stabilize after approximately 30 min, 
indicating that the friction pair has a clear running-in process 
at a contact pressure of 0.11 MPa. When the contact pressure 
further increased, the running-in time gradually decreased; at 
0.44 MPa contact pressure, as showed in Curve 4, the average 
friction coefficient was only approximately 0.043. The running-

Fig. 8 Friction coefficient variation as a function of the sliding 
velocity at a contact pressure of 0.22 MPa

(a) Without installed vanes                                             (b) With installed vanes(a) Without installed vanes                                             (b) With installed vanes

Fig. 9 Variation curves of the friction coefficient at different contact pressures
(a) Without installed vanes  (b) With installed vanes
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in period of the rotor and valve plate was approximately 10 
min, which significantly lower than that shown in Curve 1. 
Thus, when the sliding velocity was 2.89 m/s, the running-in 
period of the rotor–valve plate friction pair decreased as the 
contact pressure increased.

Figures 9(a) and (b) both show that friction coefficient 
decreased with increasing contact pressure. The friction and 
wear mechanism is analyzed as follows. When the contact 
pressure is low, the rotor and valve plate surfaces are not 
smooth or flat, the surfaces of the two friction pairs exhibit 
irregular micropeaks. The initial contact between the two 
surfaces exhibits a higher micropeak during the friction pair 
relative movement and the valve plate exhibits the state of 
furrow wear. Although the micropeak with high hardness 
can reduce the micropeak with low hardness, the low contact 
pressure prevents this from occurring. The micropeaks 
of the two microsurfaces exist for a long time when the 
contact pressure is low and the friction coefficient increases 
macroscopically. Upon increasing the contact pressure, the 
larger micropeak of the valve plate surface is cut off and the 
number of micropeaks is reduced, leading to the continuous 
reduction of the surface roughness and the friction coefficient. 
The number of micropeak contacts increased with increasing 
contact pressure, as the micropeaks continued to be cut, the 
valve plate surface became smoother and the fluid dynamic 
pressure lubrication was more likely to occur on this surface. In 
addition, the presence of an oil film reduced the direct contact 
between the contact surfaces, thereby decreasing the friction 
coefficient.

Figure 10 shows the relationship between the friction 
coefficient and contact pressure in the two tested cases at a sliding 
velocity of 2.89 m/s. In the cases with and without installed 
vanes, the friction coefficient decreased when raising the contact 
pressure, and these parameters exhibited a trend of positive 
relationship and the curves becomes steeper when the contact 
pressure was changed from 0.11 to 0.33 MPa, it was indicated the 
friction coefficient of the friction pair was greatly affected by the 
contact pressure. This shows that under a light load, the contact 
pressure has a significant influence on the friction coefficient of 
the friction pair regardless of the presence of installed vanes. 
However, under heavy loads, the contact pressure has little 
effect on the friction coefficient of the friction pair. In this regard, 

the difference value between the friction coefficient curves 
in the cases with and without installed vanes represents the 
comprehensive result influenced by the vane-stator friction pairs. 
And the difference value mainly caused by the scraping friction 
of the vane on the inner surface of the stator.

In addition, the friction coefficient for the vane–stator 
friction pair gradually decreased as the contact pressure 
increased; further, the friction coefficient variation decreased 
with increasing contact pressure. Furthermore, the larger the 
contact pressure is, the smaller the change range of friction 
coefficient is. Therefore, the influence of the vane-stator friction 
pair on the comprehensive friction coefficient decreased as the 
contact pressure increased, consequently, the proportion of 
vane-stator friction pair taken up with comprehensive friction 
coefficient became smaller.

3.2 Wear rate of valve plate under different sliding speeds and 
contact pressures
Figure 11 illustrates the effect of the sliding velocity on the 

wear rate of the valve plate at a contact pressure of 0.22 MPa. 
In the cases with and without installed vanes, the wear rate 
decreased as the sliding velocity increased: when the sliding 
velocity changed from 1.45 to 2.89 m/s, the curve was steep 
and the wear rate decreased rapidly; upon varying the sliding 
velocity from 2.89 to 3.61 m/s, the curve became gradually 
gentle and the wear rate decelerated.

The friction mechanism of this phenomenon can be 
explained as follows. At the same contact pressure, when the 
sliding speed was low, the residual oil between the contact 
area of the rotor and the valve plate was easy to be squeezed 
out, the working condition of the friction pair got worse and 
tended to be in dry friction state, the poor lubrication condition 
made the micropeaks on the surface of the valve plate easier to 
be cut down, which increased the wear rate of the valve plate. 
Because the material of rotor is relatively harder than that of 
the valve plate, the cutting effect of the micropeak on the valve 
plate surface increased. The micropeak cut from the surface 
of valve plate fell off as copper scraps; some of these scraps 
were transferred to other areas on the port plate surface while 
mostly the rest mixed with the oil. In this case, the wear of the 
valve plate was large. Enhancing the sliding speed reduced 
the probability of micropeaks colliding at a certain position 

Fig. 10 Friction coefficient variation as a function of contact 
pressure at a sliding velocity of 2.89 m/s

Fig. 11 Wear rate variation as a function of the sliding velocity 
under a contact pressure of 0.22 MPa
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on the two contact surfaces in unit time; fewer copper scraps 
fell from the valve plate surface and the wear rate of the port 
plate decreased. This indicates that the wear rate of the valve 
plate decreases with increasing sliding velocity and is more 
influenced by a lower sliding velocity. As the sliding velocity 
increases, the effect of higher sliding velocity on the wear rate 
tends to decrease. Moreover, at the same sliding velocity and 
contact pressure, the wear rate values in the cases with and 
without installed vanes are similar, suggesting that the vane has 
little effect on the wear rate. The relatively small wear rate of 
the valve plate (of the order of 10−8) indicates that the rotor and 
valve plate exhibited good tribological behavior depending on 
their constituent materials.

Figure 12 shows the wear rate variation curves at different 
contact pressures for a sliding velocity of 2.89 m/s. The wear 
rate of the valve plate increased with increasing contact 
pressure in the friction tests with and without installed vanes. 
The change rate of the valve plate wear was relatively low when 
the contact pressure varied from 0.11 to 0.22 MPa, and the wear 
rate increased faster when the contact pressure changed from 
0.22 to 0.44 MPa. This means that when the contact pressure 
of the rotor–valve plate friction pair is small, the curve growth 
is gentle and the wear rate of the value plate increases slowly; 
as the contact pressure increases, the curve becomes steeper 
and the wear rate of the valve plate increases rapidly. The 
friction coefficient of the valve plate friction pair decreased with 
increasing contact pressure, and the wear rate of the valve plate 
increased. This indicates that a small friction coefficient cannot 
inhibit the decrease in the wear rate of the friction pair.

The friction mechanism can be explained as follows. A high 
contact pressure results in large peaks between the two friction 
pair surfaces being quickly cut off and flowed into the oil. As 
running-in period occurred of the two surfaces, their surface 
roughness gradually decreases and the rotor slides more easily 
on the valve plate surface, the frictional resistance and the 
friction coefficient decrease. Consequently, more micropeaks 
fall off the valve plate surface, resulting in an increased wear 
rate. Under light loads, the rate of micropeaks falling off the 
valve plate surface is slow and showed a slowly wear rate 
macroscopically; under heavy loads, the rate of micropeaks 
falling off the valve plate surface more rapidly and wear rate is 
higher macroscopically.

3.3 Wear surface morphology of valve plate
Figures 13–16 display the optical microscopy images of the 

wear surface marks and tracks after the tests and their variations 
with varying sliding velocity and contact pressure. Under a 
fixed contact pressure of 0.22 MPa and without installed vanes 
(Fig. 13), the valve plate surface appeared glossy with several 
slight scratches along the circumference when the sliding 
velocity was 1.45 m/s (Fig. 13(a)); this was due to the slight 
furrowing effect of the rotor on it. When increasing the sliding 
velocity (Figs. 13(b)–(d)), the number of scratches gradually 
increased, but not increased their width, indicating that the 
sliding velocity increase has little effect on the scratch width. 
Therefore, the wear surface morphology of the valve plate 
shown in Fig. 13 was mainly due to the mechanical plowing of 
the micropeaks on the rotor surface.

Under the same conditions, in the case with installed 
vanes, the wear was more serious and the valve plate surface 
exhibited a larger number of scratches with greater width as 
the sliding velocity increased, as shown in Figs. 14(c)–(d). This 
can be explained in two ways. First, with the increase in sliding 
velocity, the vane performs not only radial telescopic motion 
in the vane slot of rotor but also has an axial vibration impact 
on the valve plate surface due to mechanical vibration. The 
instantaneous impact force continuously enhances the width 
of the scratches on the valve plate surface. Second, the vane 
may incline out and retract while moving, causing the vane 
edge to directly strike the valve plate surface and increasing 
the probability of greater scratch width. Thus, the wear surface 
morphology of the valve plate in the case with installed vanes 
revealed mainly mechanical plowing marks.

In the case without vanes at a fixed sliding velocity of 
2.89 m/s, a contact pressure of 0.11 and 0.22 MPa resulted in 
an almost identical number of scratches on the valve plate 
surface when applying a contact pressure of 0.11 or 0.22 MPa 
(Figs. 15(a), (b)), but the image for the second case was clearer, 
indicating larger scratch width. The reason is that the increase 
in contact pressure between the rotor and valve plate made 
the micropeak on the rotor sink deeper into the valve plate 
surface; the rotor slid continuously on the valve plate surface 
and the micropeak plowed continuously on it, leading to a 
wider and deeper groove. Figures 15(c) and (d) reveal surface 
adhesion marks, indicating that the valve plate surface was 
adhesively worn when the contact pressure is 0.33 MPa. The 
strong contact pressure cause the material of valve plate surface 
cannot withstand the strong shearing force from the rotor, 
consequently, copper is flaked from the surface of the valve 
plate in some areas. Therefore, when the sliding velocity is 2.89 
m/s, the wear surface morphology of the valve plate reveals 
mainly mechanical plowing marks under light loads; further, 
it is accompanied by the adhesion wear phenomenon under 
heavy loads.

Under the same conditions (different contact pressures 
and a sliding velocity of 2.89 m/s), the presence of installed 
vanes leads to wider and deeper scratches, as shown by the 
comparison between Figs. 16(b) and 15(b). In this case, the 
wide and deep scratches appeared on the valve plate surface 
when the contact pressure was 0.22 MPa, indicating that the 
vane exacerbated the wear of the valve plate. Figures 16(b)–
(d) clearly illustrate the phenomenon of adhesion wear, the 
increased probability of adhesive wear on the surface of valve 
plate due to the presence of the installed vane, and that the 
wear morphology comprised mainly mechanical plowing and 
adhesive wear marks. The wear of the valve plate increased 

Fig. 12 Wear rate variation as a function of the contact pressure 
at a sliding velocity of 2.89 m/s
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Fig. 13 Wear morphology of the valve plate surface under a contact pressure of 0.22 MPa without vanes and 
at different sliding speeds. (a) 1.45, (b) 2.17, (c) 2.89, and (d) 3.61 m/s.

Fig. 14 Wear morphology of the valve plate surface under a contact pressure of 0.22 MPa with installed 
vanes and at different sliding speeds. (a) 1.45, (b) 2.17, (c) 2.89, and (d) 3.61 m/s.
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Fig. 15 Wear morphology of the valve plate surface at a sliding velocity of 2.89 m/s without vanes and under 
different contact pressures. (a) 0.11, (b) 0.22, (c) 0.33, and (d) 0.44 MPa.

Fig. 16 Wear morphology of the valve plate surface at a sliding velocity of 2.89 m/s, with vanes, and under 
different contact pressures. (a) 0.11, (b) 0.22, (c) 0.33, and (d) 0.44 MPa.
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the frictional power loss and reduced the mechanical and the 
volumetric efficiencies of the vane pump because of the oil 
leaking from the scratch groove. Serious wear could make the 
valve plate undergo plastic deformation and advancing failure, 
shortening the pump’s service life.

4 Conclusions

1) The friction coefficient of the friction pair increased with the 
increasing sliding velocity in cases with and without vanes 
when the contact pressure was 0.22 MPa. However, under 
the same working conditions, this increase was greater 
and with an obvious but shorter running-in process than 
in the case without installed vanes. As the sliding velocity 
increased, the proportion of the wear effect transferred from 
the valve plate surface to the inner surface of the stator. 
Regardless of the presence of vanes, the wear rate of the 
valve plate exhibited a decreasing trend with increasing 
sliding velocity, the presence of the vanes have little effect 
on the wear rate.

2) The friction coefficient of the friction pair decreased with 
increasing contact pressure in cases with and without 
installed vanes when the sliding velocity was 2.89 m/s. 
There was a significant running-in process, the duration of 
which decreased as the contact pressure increases contrast 
to no installed vanes. Whether or not vanes are installed, 
the wear rate of the valve plate showed an increasing trend 
with increasing contact pressure. Increasing the contact 
pressure leads to a higher wear rate and the vanes have a 
lower influence on the wear rate.

3) When the contact pressure was 0.22 MPa, the number of 
scratches on the valve plate surface in the case without 
installed vanes increased with increasing sliding velocity 
and the wear surface morphology revealed mainly 
mechanical plowing marks. The valve plate surface was 
more worn in the case with installed vanes, and with the 
increase in the sliding velocity resulted in more scratches 
with greater width. The wear surface revealed mainly 
mechanical plowing marks.

4) When the sliding velocity was 2.89 m/s, the valve plate 
surface exhibited a wide and deep scratch early in the case 
without vanes; when the contact pressure reached 0.33 
MPa, it exhibited adhesive wear marks. The wear occurred 
mainly via mechanical plowing and adhesive wear. The 
presence of the vanes exacerbated the wear on the valve 
plate surface and increased the probability of adhesive 
wear; the wear morphology revealed mainly mechanical 
plowing and adhesive wear marks.
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