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Abstract—In order to investigate friction and wear 

characteristics of 30CrMnSi—LD10-CS friction pair, the 

friction and wear test rig was built to measure the friction 

torque and wear coefficient under low speed, and 

mathematical calculation was used to figure out the 

relationship between friction torque and wear coefficient. 

The results have shown that friction coefficient measured 

by the amount of wear increases with time, friction 

coefficient measured by torque decreases with time. The 

ratio of friction coefficient and wear coefficient of the 

designed friction pair has a certain logarithmic 

relationship with time. 

Keywords—30CrMnSi—LD10-CS; Friction coefficient; Wear 

coefficient 

I. INTRODUCTION 

Sliding friction pair is a common form of movement pairs 
[1], which is usually used in piston cylinder with high-speed 
reciprocating motion, machine tool with medium speed and the 
elevator door lock with low speed. High speed friction pair is 
generally required for surface treatment, the main method is 
chrome plating, tin plating. The medium speed friction pair is 
usually needed to be strengthened treatment, the main method 
is annealing and quenching. The low speed moving pair has 
low load / speed ratio, and the anti-rust processing does not 
change the mechanical properties, so the wear of the low speed 
moving pair directly reflects the mechanical properties of the 
material itself [2-6]. 

The friction coefficient reflects the properties of the 
friction pair, which is only related to the material itself. The 
wear coefficient reflects the mechanical properties of the 
contact surface, and it has a great relationship with the 
performance of the contact surface. When two nominally 
mating surfaces are brought together, they touch at the tips of 
the higher asperities and the total area of intimate contact is 
determined by the deformation of the material in these regions 
under the applied load. In the early 1950s, Bowden and Tabor 
discovered the character and magnitude of the transfer of 
material between rubbing surfaces and their wear rate may 
show a similar dependence [7]. Based on these results, Archard 

worked out the theory of adhesive wear, which revealed the 
relationship between the wear with contact area, hardness, 
friction coefficient and applied load [8-10]. In 2009-2013, 
Cozza set a ball-cratering test and studied on friction and wear 
coefficient of coated systems with micro-scale refer to that 
theory [11-13]. 

This paper focuses on the friction performance of the 
aviation door locking device materials 30CrMnSi—LD10-CS, 
the build of friction wear experimental test platform was used 
to measure friction torque and the amount of wear, so that the 
relationship between friction coefficient and wear coefficient 
was discussed under the condition of low speed. 

II. THEORY 

In 1953，J F Archard [8] put forward a model later called 

Archard wear theorem, which described the relationship 
between wear volume with sliding distance, hardness and 
applied load. 

nFW
K

S H
                                  （1） 

Where, W is the wear volume, S is the sliding distance; H 
is the Brinell hardness of the soft material; K is the friction 
coefficient caused by the wear. Considering the wear is a 
dynamic process, the wear volume and sliding distance is 
increasing with time, Equation (1) can be changed to: 
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Where Wv(t) is the wear volume for the corresponding 
time, S(t) is the sliding distance for the corresponding time. 

For a round friction, the wear volume Wv(t) is written as:  

2( ) ( )vw t r h t                           （3） 

Where r is the diameter of the round friction surface, Δh(t) 
is the wear depth. 

Take equation (3) into equation (2), wear increment can 
be calculated as: 
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Therefore, based on the linear assumption, equation (4) is 
the equation of the wear loss under constant amplitude loading. 

The friction coefficient K is written as: 
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For the friction pair of pin disk structure, S(t)=n2πR, 
where n is number of revolutions, R is distance of the contact 
surface from the center of rotation. Positive load Fn=f/μ, where 
f is friction force, μ is friction coefficient, so equation (5) can 
be written as: 
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
                              （6） 

Equation (6) shows the relationship between wear 
coefficient and friction coefficient, for a fixed friction pair, R, h 
are constant. The relationship between wear coefficient and 
friction coefficient can be drawn with the measurement of Δh 
(t), N, and torque T. 

III. EXPERIMENT 

Based on the theory mentioned above, the experiment 
aims to measure the friction torque and wear volume of 
aviation door locking device materials 30CrMnSi—LD10-CS, 
and the friction coefficient and wear coefficient of friction pairs 
under constant load were calculated. Material properties of 
30CrMnSi—LD10-CS is given in Table I. The applied load 
and the friction pair size is also given. The load Fn is applied 
on contacting surface, which contain the acting load P and the 
weight of upper specimen G. 

TABLE I. THE LOAD AND THE MECHANICAL PROPERTIES OF THE 

TEST MATERIAL 

Test 

material 

Fn 

/KN 

Yield 

strength 

/MPa 

Strength 

limit /MPa 

Brinell 

Hardness 

/N/mm2 

diagram/

mm 

LD10-CS 
10 

75 490 1100 30 

30CrMnSi 800 1200 3650 200 

 
Figure 1. The principle of tester 

In order to verify the above theoretical results, this paper 
mainly adopts the way of experimental study. The friction and 
wear test rig has been built and the structural schematic 
diagram is shown in figure 1, which composition with laser 
measurement, frictional pair of 30CrMnSi—LD10-CS, torque 
meter and motor. 

Test principle of testing rig is as follows: The motor is 
connected with the lower specimen (30CrMnSi) through a 
torque sensor. The upper specimen (LD10-CS) is fixed in the 
installing hole, which is ensure the position of the friction pair 
is constant during running, and a certain load P is applied on 
the surface of the upper specimen. The laser measurement is 
placed directly over the upper specimen, which measured the 
top surface distance of the upper specimen (LD10-CS) in 
vertical direction. 

During the running of the friction and wear testing rig, the 
motor drives the lower specimen (30CrMnSi) to rotate, the 
torque sensor measures the torque variation caused by the 
friction force. The laser measurement is used to measure the 
drop distance of the upper specimen (LD10-CS) caused by 
wear. The torque and friction torque information can be read 
and record by computer. 

In order to obtain a larger amount of wear, the running 
time is set to 50 h; the rotational speed is set to 7 rpm, the 
distance between the specimen and the center of rotation is 
0.05 m, the velocity of contacting friction pair is 0.037 m/s by 
calculating. The torque and the laser measurement ranging are 
recorded every hour. The friction coefficient μ and wear 
coefficient K can be obtained by friction force calculation 
equation and equation (5). 

IV. RESULTS AND DISCUSSIONS 

A. Torque measurement 

Torque is obtained by torque sensor, and the results are 
shown in Figure 2. The numbers of point in figure are the 
different between loads with unload torque. Owing to the 
recorded curve from 8 h to 50 h, the fitting curve of friction 
torque tends is developed, which facilitates the numerical 
analysis. 

 

Figure 2. Results of torque measurement 
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As it can be seen from upper figure that the value of 

torque is considerably fluctuant in the whole test phase, which 

is more obvious in the beginning and then gradually reduced, 

all of torque values are between 125 Nm and 300 Nm. In the 

initial stage, the value of torque increases and is up to a 

maximum value, 342Nm. When the experiment is conducted 

for 8 hours, the friction torque began to decline, and tends to 

be stable, large amount of data in between 200 Nm and 250 

Nm. The followed data shows decreasing trend, the fitting 

curve in the figure indicates the variation trends, it is 213 Nm 

when the wear test running to 50 h. 

The results show that friction value of metal materials 

friction pair (30CrMnSi—LD10-CS) and not constant. At the 

startup of the test rig, the obvious running-in occurs in the 

friction pair, the torque value keeps increasing. When the 

torque reached the maximum value, the friction came into the 

normal wear stage, and the torque tends to be stable. All of 

this process conforms to the general wear regularity. In this 

test, the torque gradually decreased because that the wear 

debris has played a part of lubrication, which is reduced the 

friction between the contact pair. 

B. Wear measurement 

The thickness of wear measured by laser range finder is 
shown in Figure 3. The distance of the upper specimen top 
surface is set to 0 μm before running the motor. The numbers 
of point in figure are the measurement values with laser 
measurement. Owing to the recorded values, the fitting curve 
of wear distance tends is developed, which fitting formula 
using polynomial. 

 

Figure 3. Results of wear displacement 

The figure shows the wear displacement value of the 
friction pairs is also obvious fluctuant. The wear amount of 
friction pair is increasing over time, but the change tendency 
gradually become stable. The wear distance of upper specimen 
is reach to 12μm when the experimental time running to 25 h 
and the distance is between 8μm with 13μm for continue to run 
the rig. Fitting curve in the figure indicates the variation trends 
of the wear value.  

The result of the measurement is different from the 
equation (4). In that equation, wear depth Δh (t) and the time is 
a function of linear relationship, but the measurement of wear 
depth is increasing before 25h and the tends to be stable for 
continue to run. The possible reason is that with normal wear 
before 25h, the wear formula follows the equation (4); and the 
debris is produced from the contact surface with running the 
test, which lubricates the contact pair and reduces the direct 
contact of the friction pair so as to reduce wear. 

C. Friction and wear coefficient 

The friction coefficient and wear coefficient are calculated 
by the friction equation and equation (5), and the results are 
shown in Figure 4. The friction coefficient is shown in left 
coordinate, the range is 0.2 to 0.8; and the wear coefficient in 

right, the range is 2 ×10-5to 8×10-5. 

 

Figure 4. Results of friction and wear coefficient 

The change trend of friction coefficient is consistent with 
the torque measurement, which increases in the initial stage, 
the maximum value is 0.68, then gradually tends to be stable, 
and gradually decreases, with the minimum value of friction 
coefficient about 0.40. Wear coefficient also increases with the 
increase of wear, and gradually tends to be stable, the 

calculation stability value is about 5×10-5.  

From the results in figure 4, although a large difference in 
the magnitude of friction and wear coefficient exists, there is 
still a certain relationship between the friction and wear 
coefficient. The figure also shown that the time of friction and 
wear coefficient is basically the same. By using the above 

mentioned parameters， the equation (6) can be written as: 

Δ ( )
0.5

K h t

nT
                              （7） 

Equation (7) shows that the ratio of K / μ is related with 
the distance of wear Δh (t), the laps of lower Specimen rotation 
n and the torque T. According to the related experiment data 
and equation (7), the results of friction versus wear coefficient 
can be obtained in Figure 5. 
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Figure 5. Results of friction versus wear coefficient 

In Figure 5, at the startup of test rig, the ratio of K / μ is 
large with low value of n, but the ratio decreases rapidly and 
gradually stabilizes with the increasing of n. When the motion 
revolutions accumulated for 21000 laps, the maximum result 
tends to be 0. By mathematical fitting, the relationship between 
the ratio of K / μ and the time is y=89-24ln (t-1), that is, there is 
a logarithmic relationship between the ratio of K / μ and the 
time t.  

V. CONCLUSION 

In this paper, the friction performance of the friction pair 
of aviation door locking device materials 30CrMNSi—LD10-
CS was investigated by experimental testing and theoretical 
analysis, and the relationship between friction coefficient and 
wear coefficient was discussed. The main conclusions in this 
paper are as follows. 

(1) The frictional characteristic of 30CrMNSi—LD10-CS 
is similar with metallic material. The friction coefficient of 
30CrMNSi—LD10-CS in the measurement of results is not 
constant, and the maximum value is in the running stage, then 
the friction coefficient decreases with the time. 

(2) The measurement results and theoretical analysis of 
the wear coefficient are quite different. The experiment has 
shown that wear coefficient did not follow the linear 
relationship of time; the wear coefficient increased and tended 
to be stable with the increase of time. 

The results were mainly because after a period of friction, 
wear debris in the friction had formed a certain layer of 
lubrication, which reduced wear and the friction coefficient and 
wear value. 

(3) The ratio of friction coefficient and wear coefficient of 
the designed friction pair has a certain logarithmic relationship 
with the time. 

Subsequent research will discuss the corresponding 
relationship between the friction coefficients and wear 
coefficient of the friction pairs with different shapes and 
different materials, and the theoretical expression of the 
relationship between the friction and wear of the metal friction 
pairs can be concluded. 
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