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After the barrel is fired, the dirt in the barrel will affect the firing performance and service life of the barrel, and it’s hard 
to be removed. It is time-consuming and labor-intensive to clean the dirt manually. However, the existing automatic 
cleaning methods have poor cleaning effect, and the use conditions and scenes are greatly limited. Based on the rifle barrel 
with an inner diameter of 105 mm, a cleaning method using a wheeled abrasive brush was proposed. To study the influence 
of two important dimensions of abrasive brush, namely brush wire diameter and brush wire width, on the running velocity of 
cleaning device, according to the structural characteristics of abrasive brush, the interaction model between abrasive brush 
and the barrel bore was established, and then the mathematical model was obtained, which explained the influence of brush 
wire diameter and brush wire width on the running velocity of cleaning device. Then the influence of the change of two 
dimensional parameters on the running velocity of the cleaning device was tested in practice. Considering the influence on 
the reciprocating stroke and velocity of the abrasive brush due to the actual structure of the double-acting cylinder, the speed 
calculated according to the test results is 1.27 times that that according to the theory, and the obtained mathematical model 
was modified using MATLAB. The maximum error between the velocities obtained by experimental test and the velocities 
calculated by using the modified mathematical model was less than 10%. Finally, the cleaning test of barrel bore was carried 
out. By observing the cleaning effect of abrasive brushes with different parameters, it was determined that the diameter and 
width of brush wire suitable for barrel bore cleaning was 1 mm and 150 mm, respectively. 
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Introduction 
After the barrel is fired, the severe environment like 

high temperature and high pressure would lead to 
deposition of dirt with complex components such as 
copper, powder residue and carbon deposition at the 
grooves and lands of the barrel.1,2 The dirt could affect 
the ballistic performance, reduce the quality and 
shorten the service life of the barrel.3,4 Therefore, barrel 
cleaning is very important for barrel maintenance. 

Research status 
In addition to manual cleaning, there are automatic 

methods including shock wind tunnel, laser, high-
pressure water jet, abrasive flow, abrasive brush 
grinding and chemical cleaning.5–12 However, for 
barrel cleaning, besides cleaning effect, whether in 
fighting outside or daily maintenance, cleaning 
velocity is an important indicator that needs to be 
guaranteed, which would directly decide the cleaning 
ability of barrels and the supply ability of clean 

barrels in wartime. At present, manual cleaning 
wastes too much time and resources, automatic 
methods are complicated on operating, structural 
component, and are poor on running velocity and 
cleaning effect. From the perspective of complexity, 
operability and adaptability, abrasive brushes are still 
the most commonly used in barrel cleaning at present. 

For cleaning device with abrasive brush in 
application, there’s a device in Britain which brush 
can rotate driven by a motor, but its size is too large. 
An electric device in South Korea is short at output 
scrubbing force and cleaning velocity. Meanwhile, a 
device in Myanmar uses compressed air is fit with 
smooth barrel bore, but the effect is unsatisfactory. 
When it comes to laboratory experiments, some 
achievements have been made. Tao et al. have 
developed a tube robot which scrubs by driving the 
brush with a motor in a spiral motion.13 Zhang & Li 
have designed a fully automatic barrel cleaning 
equipment, which softens the dirt by cleaning agent 
and scrapes it off by steel brush.14 Nian et al. have 
produced a fully automatic robot with variable 
diameter, it could suit with barrels with different 
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diameter.15 The three cases above all use electric 
motivation. The work flow of the device is 
complicated, the cleaning velocity and the actual 
effect can’t be guaranteed, so they can't be applied in 
industrial production, and the analysis of the influence 
on the running velocity of the cleaning device is 
lacking, so that the velocity can't be determined. 

Aiming at the problem that the existing cleaning 
methods of gun barrel bore are difficult to realize 
portable automatic cleaning of gun barrel bore and 
cannot guarantee the cleaning effect, facing the 
demand of modern shooting weapons for automatic 
cleaning of gun barrel bore, taking Ø105 mm caliber 
linear bore gun barrel as the research object, the 
technological basis and key technologies are studied 
from the aspects of the structure of automatic cleaning 
device for gun barrel bore, the analysis of abrasive 
brush movement speed and the influence of abrasive 
brush parameters on cleaning effect. 

Considering the simple structure of pneumatic 
actuators and its ability to provide greater scrubbing 
force, this study put forward a sketch of cleaning 
barrel using an abrasive brush which is motivated by a 
cylinder to move back and forth continuously.16,17 For 
the structural parameters of abrasive brush will decide 
the velocity of the device, and that will directly 
determine the velocity of barrel cleaning, in this 
study, a mathematical model of the influence of two 
structural parameters of abrasive brush, which are 
wire diameter and wire width, on the velocity of 
cleaning device was established, so as to analyze the 
velocity of the device from quantity, then verified and 
corrected the model by experiments. 

Materials and Methods 
Structure of Barrel Bore 

The barrel is a hole with a large depth-diameter 
ratio, which has many spiral flutes called rifles in it 
that contains grooves and lands compared with 
normal holes. This study is oriented to 105 mm rifled 
barrel, some important sectional dimensions is 
displayed in Fig. 1, every section has the same shape, 
but there will be angular deflection due to the spiral 
structure of each rifling. Each groove has a width of 
3.87 mm and a depth of 1.62 mm. 

Method of Barrel Cleaning 
Automatic cleaning device was used in 

consideration of large-depth-diameter-ratio feature of 
the barrel. In the front of the device, there’s a double 
acting cylinder called brush cylinder driving an 

abrasive brush to move back and force, in order to 
remove the dirt in the barrel. In the back of the device, 
there’s a locking unit to locate the device along the 
axis of the barrel, and to protect the device from 
vibrating heavily when the abrasive brush is moving. 
The sketch to clean is shown in Fig. 2. Compared 
with existing device, this device is easier on structure. 

Structure and Parameters of Abrasive Brush 
The brush wires of the abrasive brush are arranged 

in clusters in straight rows, and SiC abrasive is added 
to obtain better cleaning effect. The bristle tufts are 
arranged with a certain density, so that the abrasive 
brushes can clean grooves more effectively. 

For wheeled abrasive brushes, there are many 
factors that affect their cleaning speed and cleaning 
effect, including material, diameter, and width of the 
brush wire, the number of brush tuft, and the 
difference between the outer diameter of abrasive 
brushes and the inner diameter of barrel. In this 
article, under the case of the number of brush tuft is 
determined, for a certain brush whose material and 
outer diameter are determined. The force acting on the 
abrasive brush is mainly impacted by two dimensions, 
which are wire diameter d1, and wire width B, as 
shown in Fig. 3. 

Fig. 1 — Section shape and main dimensions of barrel bore 

Fig. 2 — Method of barrel bore cleaning 
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Force Analysis of Abrasive Brush during Running 
Force Analysis of Single Brush Wire 

The diameter of the abrasive brush is larger than 
that of the barrel, so the brush wire will bend when it 
comes into the barrel bore, so the brush wire can be 
simplified to a cantilever beam whose one end is fixed 
on the brush wheel. 

The brush will make a spiral motion along the 
rifles in the barrel. Let the direction of barrel axis be 
the x direction, the positive pressure direction of the 
barrel bore on the brush wire be the y direction, the 
normal line of plane xOy be the z direction of the 
spatial rectangular coordinate system so that to 
simplify the force analysis of the brush wire, and the 
Instantaneous velocity direction of the brush wire 
endpoint is set to the e direction. 

The mass of a single brush wire can be neglected, 
so the impact of gravity to a brush wire needn’t be 
considered. The force to a single brush wire received 
by the barrel bore is shown in Fig. 4(a). 

The output force F0 of the brush cylinder is shown 
in as Eq. (1): 

2
0 4

F d p
 ... (1) 

where, F0 is the output force of the brush cylinder, 
d is the diameter of piston rod of brush cylinder and 
p is the air source pressure. 

To obtain the resilience of brush wire due to 
bending deformation in direction e, the brush wire 
was simplified to a link which has a fixed end and a 
free end, so that the force of a single brush wire can 
be separated to two parts displayed separately in 
Eq. (2) and Eq. (3), one is the resistance of brush 
wire, called Fc’, due to bending deformation in 
direction e which is related to the length l and the 
deformation wB of a single brush wire, the other is the 
friction from barrel bore, called f’, as the brush wire 
moving, which is related to the friction coefficient 
μ and the normal pressure F⊥’ of barrel bore. 
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… (3) 

where, Fcx’ and fx’ are the components of Fc’ and f’ 
along the axis of barrel respectively, and θ is the helix 
angle of rifles in barrel. 

Force Analysis of the Whole Abrasive Brush: 
As shown in Fig. 4(b), the brush is acted by the 

output force F0, the components of the friction f and 
the resistance Fc, which are shown separately in Eq. 
(4) and Eq. (5) and are related to the number of tuft k
and that of brush wire per tuft n in x direction when it
extends.

x xf nkf   
… (4) 

cx cxF nkF   
… (5) 

where, fx and Fcx are the components of the friction 
f and the resistance Fc in x direction respectively. 

Running Velocity Analysis of Device 
Based on force analysis of the whole abrasive 

brush in Fig. 5, using Newton's second law formula 
can get the acceleration during the extension process 
of the piston rod of brush cylinder like Eq. (6): 
 

0 cx xF F f ma   … (6)  

Fig. 3 — Size factors affecting the force of abrasive brush 
Fig. 4 — Force analysis of: (a) brush wire in bending plane,
(b) abrasive brush when it protrudes
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where, m is the mass of abrasive brush used on the 
cleaning device, a is the acceleration of the brush. 

If the abrasive brush does linear motion with 
constant acceleration like Eq. (7), and s is the stroke 
of the piston rod of brush cylinder, the time of the 
brush extension t1 can be obtained from Eq. (8). 
 

21
2

s at
… (7) 
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The pulling force provided by the brush cylinder 
isn’t enough to change the direction of bending of the 
brush wire when the piston rod retracts. In this 
condition, the rest part of the device will move 
towards the abrasive brush driven by the brush 
cylinder. The time which the piston rod can be fully 
retracted t2 can be calculated using Eq. (9) under the 
condition that the mass of the device except the 
abrasive brush m0 is 20 kg, and the stress area of the 
cavity with rod is a quarter of that of the cavity 
without rod for a standard cylinder. 
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… (9) 

The brush cylinder was selected and some constant 
parameters of the abrasive brush were defined as 
Table1 according to the working conditions. 

According to the parameters in Table1 and 
Eqs (1 – 9), the average velocity v of the cleaning 
device when it runs under the influence of the brush 
wire diameter d1 and the brush width B can be 
established as Eq. (10). 
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Correction to the Running Velocity of Device 
Instead of a standard uniformly acceleration 

motion, the running velocity of the piston rod is 

approximately like the form of “acceleration-uniform-
deceleration”, so the Eq. (10) needs to be corrected in 
order to obtain the real running process of the brush 
cylinder. The acceleration-time curve of the piston 
rod of brush cylinder was measured when it was 
running without any loads by Donghua IEPE 
piezoelectric acceleration sensor. 

The acceleration of the piston rod with no loads 
was collected and shown in Fig. 5 (a) under the 
sampling frequency of 2 kHz. 

The curve was integrated to obtain the 
displacement-time curve of the piston rod. However, 

Table 1 — Constant parameters information 
Parameter Value 

Length of brush wire l, mm 20 
Air source pressure p, MPa 0.6 

Diameter of brush cylinder d, mm2 40 
Stroke of piston rod of brush cylinder s, mm 50 

Elastic modulus of nylon E, GPa 1.4 
Frictional coefficient between nylon and steel, μ 0.4 

 

Fig. 5 — Experimental curves of brush cylinder piston rod:
(a) acceleration-time curve, (b) comparison of local acceleration
curves before and after elimination of fifth-order trend item,
(c) displacement-time curve
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the acceleration curve directly obtained contains lots 
of interference information due to the zero drift of the 
sensor and external environment.18 To remove these 
interference, least-square method was leaded to 
process the obtained data by eliminating trend items 
so that to get purer information of acceleration.19 

This operation can be directly done by function 
polyfit (t, a, m) in MATLAB, where t is time column 
vector, a is acceleration column vector and m is the 
rank of the polynomial to be fitted. It was found 
through practice that the acceleration curve would 
have great changes like Fig. 5(b) when m = 6, and the 
changes would more and more insignificant after m > 
6. So for data processing in this study, m = 6.

In consideration that frequency domain integration
can usually obtain more accurate data than time 
domain integration, Fourier transform was used to 
carry out the second integral on the acceleration-time 
curve after eliminating trend items so that to obtain 
the corresponding displacement- time curve.20 

Function FFT and iFFT were used in MATLAB to 
perform fast Fourier transform and inverse fast 
Fourier transform on the acceleration-time curve and 
displacement-frequency curve separately, and the 
displacement-time curve was finally obtained as 
Fig. 5(c). 

Then it could be calculated that the actual average 
velocity of the piston rod was 21.05 m/min, 1.27 
times less than that calculated from the data in Table 
1. So correction factor c was introduced and let c =
1.5 in consider that the structure of the cylinder and
the obstructive effect on the abrasive brush by the
edge of rifles in barrel would make the stroke of the
piston rod shorter than its theoretical value, so that the
Eq. (10) was corrected to Eq. (11) as
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  … (11) 
But if the value of F0-Fcx-fx is no more than 0, it 

means that the resistance to the abrasive brush is 
greater than the output force of the brush cylinder due 
to the parameters of the brush selected, and the brush 
cylinder could not drive the abrasive brush to extend 
forward, the velocity of the cleaning device would be 
0 in this situation. 

Results and Discussion 
To ensure the other parameters except the wire 

diameter and wire width of the abrasive brush are 
consistent, the abrasive brushes used in this study are 

all wheeled brush with a total outer diameter of 
115 mm, and the abrasive particles are SiC with the 
size of 120 #. 

The wire diameter and wire width of each brush 
were shown in Table 2. In this table, brush No.1, 4, 5, 
6, 7 were used to explore the influence of the wire 
diameter on the running velocity of the cleaning 
device, and brush No.1, 2, 3 were used to explore the 
influence of the wire width on the running velocity of 
the device. 

Measurement of the Positive Pressure F⊥’ of the Brush Wire 
Bending on the Barrel Bore 

The layout of the measuring device was shown as 
Fig. 6 including a mobile slide, a piezoelectric 
transducer and abrasive brushes with different wire 
diameters. The free length of the front end of the 
brush wire was 20 mm, and the front end was just 
right in contact with the force measuring plane of the 
piezoelectric sensor before measurement. 

The brush wire touched the force measuring plane 
of the sensor and began to bend as the slide 

Table 2 — Wire diameter and width of each abrasive brush 
Brush number Wire diameter d1, mm Wire width B, mm 

1 0.5 100
2 0.5 120
3 0.5 150
4 0.8 100
5 1 100
6 1.2 100
7 1.5 100

Fig. 6 — Displacement-time curve of brush cylinder piston rod 
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descending. The value of the sensor was read after it 
became steady in the condition that the descending 
length of the slide was 5 mm, and the value was the 
positive pressure of a single brush wire bending on 
the barrel bore. 

The positive pressures of a single brush wire with 
diameters of 0.5, 0.8, 1.0, 1.2, 1.5 mm were measured 
separately and the values were shown in Table 3, the 
number of brush wire n that each cluster contains 
with different brush diameters were also shown in 
this table. 

The mass of abrasive brushes m with different 
brush widths and the corresponding number of brush 
cluster k were shown in Table 4. 

Verification of Running Velocity of the Cleaning Device 
The running velocities of the cleaning device under 

different wire diameters were calculated using 
Eq. (11) and the parameters of Table 1 to Table 4. 
Fig. 7 shows the calculated results and the practical 
results corresponding using the abrasive brushes 
referred in Table 2. As the wire diameter increasing, 
the error of the running velocities measured rose first 
and then fell. 

The running velocities of the device under different 
wire width were calculated using the same method. 
Fig. 8 shows the calculated results and the practical 
results corresponding using the abrasive brushes 
referred in Table 2. As the wire width increasing, the 
error of the running velocities measured rose 
monotonically. 

Evaluation of Cleaning Effect of the Cleaning Device 
Due to the limited space in the barrel bore, the 

cleaning effect of the barrel bore after cleaning was 
observed by endoscope. The size and focal length of 

the selected endoscope should be small enough to 
ensure that it can go deep into the bore of the barrel 
and take clear photos. Firstly, the specific position in 
the barrel was marked before cleaning, observed by 
endoscope and recorded by taking photos. After the 
cleaning is completed, the same position is 
photographed and recorded again, and the distribution 
of dirt in the two photos is compared, so that the 
effect of cleaning the barrel bore with abrasive 
brushes with corresponding parameters can be 
evaluated. 

Used the abrasive brushes listed in Table 2 to clean 
the barrel bore, and observed the cleaning effect. The 
cleaning process of each abrasive brush was carried 
out separately, that is, different abrasive brushes were 
used to clean different barrel bores, thus avoiding the  

Table 3 — Bending positive pressure and n value of wire 
brushing with different wire diameters 

Wire diameter d1, 
mm 

Positive pressure 
F⊥’, N 

Number of brush wire of 
each cluster n 

0.5 0.01 20
0.8 0.01 16
1 0.02 12

1.2 0.05 10
1.5 0.08 8

Table 4 — Mass and k value of abrasive brushes with  
different wire widths 

Brush width B, 
mm 

Mass of abrasive 
brush m, kg 

Number of brush 
cluster k 

100 0.55 224
120 0.68 252
150 0.82 304

Fig. 7 — Brush wire diameter-device running velocity curve 

Fig. 8 — Brush wire width-device running velocity curve 
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interference of the previous abrasive brush on the 
cleaning effect of the following one.  

When observing the influence of wire diameter on 
cleaning effect, let the cleaning time of all abrasive 
brushes was 1 h, and each brush had a wire width of 
100 mm. 

The situation of dirt distribution before and after 
using abrasive brushes with different wire diameters 
are shown in Fig. 9. With the increase of wire 
diameter, the residual dirt after cleaning decreased 
first but then increased. 

The larger the diameter of brush wire, the greater 
the friction force of the abrasive brush in the 
movement process, the more effective the abrasive 
brush is in scraping dirt and the better the cleaning 
effect is. However, if the diameter of brush wire is too 
large, the deformation of each brush wire of abrasive 
brush may be irregular, resulting in a gap in the 
cleaning process, which is the area where the brush 
wire is avoided due to deformation during the 
movement of abrasive brush, resulting in uneven 
cleaning effect. For this test, the cleaning effect is the 
best when the diameter of brush wire is Ø1 mm 

When observing the influence of wire width on 
cleaning effect, let the cleaning time of all abrasive 
brushes was 1 h, and each brush had a wire diameter 
of 0.5 mm. 

The situation of dirt distribution before and after 
using abrasive brushes with different wire width is 
shown in Fig. 10. The residual dirt after cleaning 
decreased with the increase of wire width. 

According to the structural characteristics of the 
cleaning device, when the brush wire width is greater 
than the cylinder stroke, the cleaning device will 
produce overlapping cleaning effect on the barrel bore 
during operation, and when the cylinder stroke is 
constant, the greater the brush wire width, the greater 
the overlapping cleaning effect and the better the 
cleaning effect on the barrel bore. 

 
 
Fig. 10 — Variation of dirt distribution with B before and  
after barrel bore cleaning at: (a) B = 100 mm, (b) d1 = 0.8 mm,  
(c) d1 = 1 mm 
 
Conclusions 

The study developed and validated a pneumatic 
abrasive-brush barrel cleaning device, demonstrating 
that brush wire diameter and width are key factors 
governing its running velocity and operational 
feasibility. Increasing these parameters raises 
resistance and degrades velocity stability, with a 
critical transition observed when the wire diameter 
approaches 1 mm, beyond which forward motion 
becomes difficult. The results highlight the 
importance of appropriately matching brush structural 
parameters with actuator output capability to ensure 
reliable cleaning performance. 

Limitations arise from measurement uncertainties 
in piston acceleration due to noise, vibration, and 
incomplete stroke, which may affect the precision of 
velocity characterization. Future work should 
therefore focus on improved signal processing 
methods, such as sampling signal transformation and 
frequency-domain integration, to obtain more 
accurate dynamic responses. In addition, the spiral 
rifling geometry suggests that further optimization of 
brush geometry and wire arrangement is necessary. 
The proposed device shows strong potential for 
cleaning deep hole components, including aircraft 
turbine shafts, oil and gas pipelines, and nuclear 
power plant pipelines. 

 
 

Fig. 9 — Variation of dirt distribution with d1 before and after barrel bore cleaning at: (a) d1 = 0.5 mm, (b) d1 = 0.8 mm, (c) d1 = 1 mm, 
(d) d1 = 1.2 mm, (e) d1 = 1.5 mm 
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