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Abstract 

The spindle barrel finishing is commonly used to improve the surface integrity of the important parts of the high-
end equipment while it is difficult to provide enough test artifacts for the traditional trial and error experiment to 
obtain the desirable processing technology. The EDEM simulation of the spindle barrel finishing can provide effective 
help for the process design, however, the difference between the simulation and experiment is closely related to the 
selection of the contact model during simulation. In this paper, simulations and experiments are conducted based on 
the identical apparatus and conditions to facilitate the comparison and validation between each other. Based on the 
Hertz contact theory, the effect of the material properties of contact objects and the relative position of the work-
piece on the contact force is qualified. The expression of the correlation coefficient of the contact model is deduced. 
Then the formula for calculating the contact force between the barrel finishing abrasive and the workpiece that 
includes influence coefficient of the material properties and the relative positions is established. Finally, the contact 
force calculation formula is verified by changing the rotating speed. The result shows that the material correction 
coefficient ranges from 1.41 to 2.38, which is inversely related to the equivalent modulus E. The position correction 
coefficient ranges from 2.0 to 2.3. The relative error value between the calculation result and the experimental test 
result is from 0.58% to 14.07%. This research lay a theoretical foundation for the correction theory of the core elements 
of the spindle barrel finishing process.

Keywords: Spindle barrel finishing processing, EDEM simulation, Hertz-Mindlin (no slip) contact model, Average 
contact force, Modified coefficient
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1 Introduction
Improving the surface quality of parts is one of the 
important ways to improve the performance, enhancing 
the reliability and extend the service life of products. The 
barrel finishing technology [1] is a basic manufacturing 
process technology in the field of mechanical processing. 
It aims to improve the surface quality of parts and ame-
liorate the surface integrity of parts, which belongs to the 
category of precision and ultra-precision machining. The 
barrel finishing process is widely used due to the wide 

application scope [2‒4], good processing effect [5, 6], low 
processing cost and friendly processing environment [7, 
8]. Cariapa [9] points out that the barrel finishing pro-
cess is used to improve the surface quality of almost 50% 
machined parts in the world.

The barrel finishing process is a complex system. Sev-
eral factors needs to be considered at the same time, 
including the processing objects and requirements, the 
machining equipment and parameters, the type and 
shape and size of the barrel finishing abrasive, and the 
chemical agents etc. There has been rapidly growing 
interest in the research of the barrel finishing process. 
The traditional trial and error experiment to obtain 
the desirable processing technology cannot meet the 
requirements of the rapid development. According to 
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the characteristics of the barrel finishing process, adopt-
ing the DEM (discrete element simulation) technology 
to realize the process simulation can reduce or replace 
complicated process experiments, and the discrete ele-
ment theory provides a great support to solve practical 
engineering problems [10‒14]. Many practitioners use 
EDEM software for the numerical simulation of the bar-
rel finishing process. It is difficult to calibrate the param-
eters of the DEM simulation, including the static friction 
coefficient, the sliding friction coefficient and the rolling 
friction coefficient [15, 16]. Due to the lack of the quanti-
tative difference between the experiment and simulation 
results, it is difficult to design the process planning based 
on the DEM simulation.

The Hertz-Mindlin non-slip contact model is often 
used in the EDEM simulation of the barrel finishing pro-
cess. Tian et al. [17] established the dynamic model of the 
crank barrel finishing, and considered the different pro-
cessing mechanisms of the normal force and tangential 
force to carry out the simulation analysis of the crank-
shaft average contact force in the machining process. Yan 
et al. [18] simulated the grinding medium of the waterfall 
vibration finishing, and analyzed the change rule of the 
barrel finishing medium and the workpiece under dif-
ferent processing parameters. Song [19] carried out the 
theoretical analysis and simulation of the dynamic model 
of medium and workpiece in the process of centrifugal 
barrel finishing. Chen [20] carried out the numerical 
simulation and theoretical analysis on the basis of theo-
retical analysis of the horizontal centrifugal barrel fin-
ishing medium. Li et  al. [21] performed theoretical and 
simulation analysis on the movement mechanism and the 
distribution characteristics of medium in the centrifugal 
barrel finishing. They all selected the Hertz-Mindlin non-
slip contact model in the EDEM software system, while 
the rationality of the contact model were not analyzed 
and verified. Nowadays, the spindle barrel finishing pro-
cess is mostly employed to improve the surface quality of 
precious parts in high-end devices manufacturing. Dur-
ing the processing, the workpiece is clamped and fixed 
on the rotary spindle. The workpiece is located into a 
roller that performs a rotary motion and is filled with a 
certain amount of barrel finishing abrasive. The spindle 
of the workpiece is parallel to the main axis of the roller 
and maintains an appropriate distance. The surface qual-
ity and integrity of the parts is improved by the micro 
grinding effects caused by the collisions, rolling, sliding 
and scratching between the barrel finishing media and 
the workpieces.

In this paper, the spindle barrel finishing is analyzed by 
both experiment and simulations based on the identical 
apparatus and conditions to facilitate the comparison and 
validation between each other. The dry spherical particles 

are selected as the processing medium. The Hertz-Mind-
lin (no slip) contact model is used in the simulation, the 
error of the frontal contact force between the workpiece 
and the barrel finishing abrasive in the numerical simu-
lation and experimental is analyzed. Based on the Hertz 
collision contact, the effect of the material properties of 
contact objects and the relative position of workpiece on 
the contact force is qualified, the expression of the cor-
rection coefficient of the contact model is deduced. The 
formula for calculating the contact force between the 
barrel finishing abrasive and the workpiece is established, 
which can provide a credible calculation method for the 
barrel finishing process.

2  Experiment and Simulation
2.1  Experimental Test
The experiment is based on the actual spindle barrel fin-
ishing equipment. The spindle is fixed during processing, 
taking into account, the reliability of the pressure sensor 
signal transmission and the purpose of the experiment 
is to test the front contact force between the workpiece 
and the barrel finishing abrasive. The sensor position is 
adjusted up and down by two inner and outer steel tubes 
with 15  mm and 30  mm diameter respectively, and the 
sensor is fixed on the outer wall of the inner tube (the 
workpiece is fixed with sensor inner tube in the text). 
The transmission line is connected in the inner tube to 
reduce vibration. This device can ensure the stability of 
the transmission of the data.

To make the environment of the experimental test con-
sistent with the environment of simulation, the experi-
ment process parameters are built by considering the 
calculation efficiency of the EDEM software. The experi-
mental equipment device diagram is shown in Figure 1. 
The rotary drum is a 201 stainless steel (0Cr18Ni9 (GB)) 
roller with the diameter of 216  mm and the height of 
210 mm.

The processing medium is the dry finishing abrasive 
of the corundum spherical (as shown in Figure  2) with 
an average diameter of D = 6.2044 mm (standard devia-
tion S.D. = 0.0504, sample number is 80) and the loading 
capacity is 60% of the roller volume.

The contact force between the barrel finishing abra-
sive and the workpiece is acquired with the help of the 
dynamic force sensor with model 501F01 (Beijing Yiyang 
Stress Vibration Testing Technology Co., Ltd.), the 
DH5902 robust data acquisition system (Jiangsu Dong-
hua Testing Technology Co., Ltd.) and the computer.

A rectangular coordinate system is established by tak-
ing the center axis of the roller as the z axis and the bot-
tom surface of the roller as the xOy plane as shown in 
Figure 3.
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Set the dynamic force sensor sensitivity to 10.0 mV/N, 
test range to 50 N, and sampling frequency to 5000 Hz. 
And 20 different sampling point locations on the xOz 
plane are selected, which the coordinates are shown in 
Table  1. During the experiment, keep the front surface 
of the sensor always coplanar with the central axis of the 
roller and test the frontal contact force between the bar-
rel finishing abrasive and the workpiece. Each sampling 
point is tested for three times. Figure 4 is the schematic 
diagram of the dynamic force testing device.

Considering the effect of the noise on the experimen-
tal data during the experiment, we use the haar operator 
to perform wavelet noise reduction on the signal image 
after the test. For example, the distance of the workpiece 
from the center axis is x = 70 mm and the distance from 
the bottom of the roller is z = 70  mm, when the roller 
rotation speed reaches 100  rpm, the reconstructed sig-
nal after the denoised signal by a 2 stage haar wavelet are 
shown in the Figure 5. The Figure 5 shows the compari-
son between the original signal and the denoised signal of 
contact force of workpiece, the signal contact force after 
denoised is much smaller than the original signal contact 
force. The piezo-electric sensor surface will deform after 
being subjected the force of the barrel finishing abrasive. 
Press the sensor lightly before the test, to check the sen-
sors positive and negative pressure output value. It is 
found that the sensor transmits a negative pressure value 
after the compression and the positive force is the elastic-
ity restoring force of the sensor surface during unloading. 
It deals with the contact force test value after denoised 
and eliminates the positive pressure value according to 

Figure 1. Diagram of the experimental equipment device

Figure 2. Barrel finishing abrasive

Figure 3. Schematic diagram of sampling points location
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the characteristics of the sensor itself, and just holds the 
negative pressure value and calculates the mean force. 
Table 2 indicates the average contact force of each sam-
pling point at the front of the workpiece.

2.2  Simulation
The Hertz-Mindlin (no-slip) contact model is used in 
the simulation with EDEM. In a normal distribution set 
the spherical particles is R = 3 mm. Import the geomet-
ric model, then establish the granule factory and set the 
amount of the dynamically generated particles as 22000, 
which is generated from t = 0 and at the rate of 10000 per 
second. The initial fall velocity is − 2 m/s; set the roller 
to rotate from t = 2.2  s and the speed is 100  r/min; set 
the time step as 30% of Rayleigh time, and the simulation 
time as 5 s, and the mesh size as 2Rmin.

The material parameters of the roller, the barrel finish-
ing abrasive and the workpiece are shown in Table 3. The 
related physical performance parameters between the 
geometries are shown in Table 4. Among them, the mag-
nitude of the restitution coefficient depend not only on 
the quality of the material itself, but also on the relative 

velocity between the contact bodies. Previous study 
reveals that most of authors choose the restitution coef-
ficient is 0.9 [22, 23], while studying the low-velocity col-
lisions. Having learned from the domestic and foreign 
scholars on the value of rebound coefficient, this paper 
selects the restitution coefficient between all contact 
materials is 0.9.

The static friction coefficient and the coefficient 
of rolling friction are calibrated through the stack-
ing angle experiment. To obtain the model of stacking 

Table 1. Coordinate of the sampling points

Points A B C D E

x (mm) 40 55 70 85 40

z (mm) 115 115 115 115 100

Points F G H I J

x (mm) 55 70 85 40 55

z (mm) 100 100 100 85 85

Points K L M N O

x (mm) 70 85 40 55 70

z (mm) 85 85 70 70 70

Points P Q R S T

x (mm) 85 40 55 70 85

z (mm) 70 55 55 55 55

Figure 4. Schematic diagram of dynamic force test device

Figure 5. Comparison between the original and denoised signal
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angle regression, the multiple regression fitting analy-
sis is performed first. Then, the measurement of vari-
ance is used to assess the important variables. Finally, 
the regression model is refined, allowing the simulation 
of the stacking angle experiment and achieving a high 
degree of similarity in the stacking angle and form, in 
order to obtain the optimal touch parameters.

The stacking angle simulation and the implementa-
tion phase of experiments [24] were performed as fol-
lows. Put a certain amount of abrasive into the lifting 
cylinder. After the abrasive are stationary in the cylin-
der, lift the cylinder slowly to make the abrasive flow 
out from the bottom of the cylinder and form an abra-
sive pile on the plate. After the abrasive pile is stable, 
measure the stacking angle of the abrasive pile. The 
sensitivity analysis is carried out on the basis of the 
DEM [8], and the process is mainly conducted by con-
tinuously adjusting the discrete element parameters 
of the finishing media to ensure that the media repose 
angle is the same as that in the experiment, so that the 

optimal solution is obtained. The experimental results 
are shown in Figure 6.

Change the workpiece radial positions to multiple 
simulations. Once the simulation is complete, enter the 
EDEM’s post-processing tool module to build five grids 
at different work piece axial position. The geometry of 
each grid is 15 mm × 4 mm × 10 mm. Taking the central 
axis x = 85 mm as an example, Figure 7 shows the normal 
contact force at each mesh on the workpiece at t = 3.8 s.

Figure  8 shows the normal contact force of the grids 
center where z = 55  mm and z = 70  mm at different 
moments  at x = 70mm. Export the average normal con-
tact force between the barrel finishing abrasive and the 
workpiece at each contact position when the rotation 
speed is stabilized.

The center position of the grid and the normal contact 
force at each position are shown in Table 5.

2.3  Comparison of Experimental and Simulation
In the barrel finishing process, collision and compression 
predominate the frontal contact force between the bar-
rel finishing abrasive and the workpiece [25]. The com-
parison results of the average normal contact force in the 
numerical simulation with the experimental test with the 
workpiece in different positions are shown in Figure 9.

Table 2. Experimental results of  average contact force 
of  the  workpiece at  v = 100  r/min at  different positions 
F(N)

Z (mm) x (mm)

40 55 70 85

55 2.3562 3.5821 4.9652 6.0252

70 1.9642 2.9831 4.5137 5.5480

85 1.5623 2.3584 3.5157 4.2871

100 0.9440 1.3313 3.2175 3.0707

115 0.4824 0.9990 1.6628 3.0381

Table 3. The related material parameters

Material parameters Poisson ratio Density (g/cm3) Shear 
modulus 
(GPa)

0Cr18Ni9 (roller) 0.285 7.93 79.4

Brown corundum 
(abrasive)

0.21 2.675 124

0Cr18Ni13Si4 (workpiece) 0.27 7.86 77

Table 4. The related physical performance parameters

Correlation coefficient Restitution Static friction Rolling friction

Abrasive-abrasive 0.9 0.45 0.05

Roller-abrasive 0.9 0.3 0.05

Workpiece-abrasive 0.9 0.3 0.05

Figure 6. Experimental result of repose angles of barrel finishing 
abrasive

Figure 7. Distribution chart of grid location
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As shown in Figure  9, it is found that the deeper the 
distance, the greater the contact force would be for the 
usual contact force in the axial and radial directions the 
farther away from the center of the roller is, the greater 
the contact force will be. This law applies to both the sim-
ulation and experimental results. Set the relative error of 
the average contact force between the simulation results 
and the experimental results as:

where Fe is the experimental results; Fs is the simulation 
results.

(1)err =

∣

∣

∣

∣

Fe − Fs

Fs

∣

∣

∣

∣

,

Combining Tables  2 and 5, the relative error at each 
sampling point is shown in Figure  10 with the value 
from 66.8% to 72.4% by Eq. (1). Obviously, by using the 
Hertz-MD non-slip contact model in the simulation, a 
significant error occur, so it is important to modify the 
expression of the contact force between the bareel finish-
ing abrasive and the workpiece based on the Hertz con-
tact theory.

3  Theoretical Analysis
3.1  Hertz Contact Theory
The DEM is used to analyze the barrel finishing process 
in this paper. The contact force generated by the frontal 
collision between the barrel finishing abrasive and the 
workpiece is analyzed based on the Hertz contact theory.

The Hertz contact force [26] Fn can be obtained by Eqs. 
(2‒4) as follows:

In the formula, R∗ is the equivalent particle radius, E∗ 
is the equivalent modulus of elasticity, δn is the normal 
overlap quantity. E1, E2, µ1 , µ2 , R1, R2 respectively repre-
sent the elastic modulus, Poisson’s ratio and the radius of 
the contact object. The radius of the flat surface can be 
considered as infinite when the particles are in contact 
with the plan.

3.2  Setting of the Yield Stress
Based on the Hertz contact theory, Brizme et  al. [27] 
assumed that the processed workpiece material met the 
Mises yield criterion, and the initial yield stress py would 
obey the relationship of Eq. (5):

where µ and Y respectively indicate the Poisson’s ratio 
and the yield strength of the processed workpiece 
material.

4  Qulification of Correction Coefficients
In fact, the surface of the workpiece has different degrees 
of deformation in the contact process between the barrel 
finishing abrasive and the workpiece. From the viewpoint 
of the energy conservation, different contact materials will 
lead to different degrees of deformation, meanwhile, the 

(2)Fn =
4

3
E∗(R∗)1/2δ3/2n ,

(3)
1

E∗
=

(

1− µ2
1

E1
+

1− µ2
2

E2

)

,

(4)
1

R∗
=

1

R1

+
1

R2

.

(5)py = (1.234 + 1.256µ)Y ,

Figure 8. Normal contact force at different grids distance x = 70 mm 
to the center axis

Table 5. Simulation result of  the  average contact force 
of  the  workpiece at  different positions at  v = 100  r/min 
F(N)

z (mm) x (mm)

40 55 70 85

55 0.7242 1.0036 1.5570 2.0001

70 0.5562 0.8599 1.3852 1.7368

85 0.3386 0.7020 1.1249 1.3708

100 0.2177 0.3919 1.1006 1.0056

115 0.1333 0.2815 0.5223 0.8218
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corresponding contact force must be different. Based on 
the Hertz elastic contact theory, the correction coefficient k 
to regard the effect of the contact material and the position 
of the workpiece on the actual contact force was adopted, 
and the correction contact pressure F calculation formula 
between the barrel finishing abrasive and the workpiece 
was proposed.

In the formula: k is the comprehensive correction 
coefficient, k = k1 * k2, k1 and k2 are the material correc-
tion coefficient and the position correction coefficient, 
respectively.

At present, the study of the barrel finishing process, the 
determination of the correction factor k and the related 
theoretical calculation have not been reported. The influ-
ence of the contact force of the material properties and 
the position of the workpiece in the contact process was 
quantified, and the formula for the contact force between 
the barrel finishing abrasive and the workpiece was 
deduced in this paper.

4.1  Material Correction Coefficient k1
As there exist significant differences in the mechani-
cal effects between the actual engineering materials and 
the elastic materials assumed by Hertz contact mechan-
ics, the calculation results are often different from the 
actual force. Based on Hertz contact theory and Newton’s 

(6)F = k

(

4

3
E∗(R∗)1/2δ3/2n

)

.

Figure 9. Comparison of simulation results and experimental results at different locations

Figure 10. The relative error plot of the experimental and simulation
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second law, the calculation formula of the contact force 
was proposed by He et al. [28], when the collision speed 
of the two objects is very small. It is found that the con-
tact force formula based on Hertz contact mechanics is 
different in the material of the collision system. Accord-
ing to the results of Refs. [28, 29], the nominal material 
modification coefficient of the collision system is pro-
posed as follows:

The magnitude of the effect of the velocity terms V−0.4 
on the material correction coefficient in Eq. (7) was firstly 
considered in this paper. Then exports the collision speed 
value between the barrel finishing abrasive and the work-
piece at each grid at different moments when the rotation 
speed is stabilized and calculates the average value. The 

(7)k∗1 =
3πpy

(

1280πE∗4
)0.2

V−0.4
.

average collision speed values between the barrel finish-
ing abrasive and the workpiece at different positions are 
shown in Table 6.

The influence coefficient of the contact speed terms 
(V−0.4) between the barrel finishing abrasive and the 
workpiece in Table  6 is calculated between 1.7855 and 
1.9413, taking the average is 1.8799. Consider Eq. (5) and 
Eq. (7), the actual contact process material correction 
coefficient k1 is proposed as:

It is known from Eq. (8), once the material of the col-
lision system is made certain, the material correction 
coefficient in the calculation of the contact force is deter-
mined. The brown corundum spherical barrel finishing 
abrasive as the working medium with an elastic modulus 
of 300  GPa and a Poisson ratio of 0.21. The workpiece 
elastic modulus of 79‒210 GPa and the yield strength of 
0.21‒0.25  GPa was choosed in this paper. According to 
the expression of the equivalent elastic modulus in Eq. 
(3), the equivalent elastic modulus is 65.8‒130.9 GPa. The 
relationship curve between the material correction coef-
ficient and the equivalent modulus is shown in Figure 11 
according to Eq. (8). It can be seen from the Figure  11 
that the material correction coefficient decreases with 
the increase of the equivalent modulus, and its value is 
1.41‒2.38.

(8)k1 =
5.64π(1.234 + 1.256µ)Y

(

1280πE∗4
)0.2

.

Table 6. The average collision speed value 
between  the  barrel finishing media and  the  workpiece 
at different positions (m/s)

z (mm) x (mm)

40 55 70 85

55 0.1807 0.1820 0.1921 0.2019

70 0.1858 0.1822 0.1946 0.2205

85 0.1935 0.1947 0.2008 0.2467

100 0.1950 0.2077 0.2271 0.2519

115 0.1980 0.2143 0.2329 0.2599

Figure 11. Curve of material correction coefficient and equivalent elastic modulus
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4.2  Position Correction Coefficient
Under the interaction of the barrel finishing abrasive, dif-
ferent deformation responses will occur in different parts 
of the workpiece. Figure  12 shows the contact model 
between the barrel finishing abrasive and the workpiece. 
The fixed workpiece structure is regarded as a cantilever 
beam structure. According to the law of conservation 
of energy, the kinetic energy is converted into the strain 
energy of the workpiece during contact. When a fixed 
member is subjected to external forces, it is obtained 
from the Crabbey-Elron theorem and the law of conser-
vation of energy in material mechanics. Strain energy for-
mula for the entire workpiece [30]:

In the barrel finishing process, the rotation of the roller 
drives relative movement between the abrasive and the 
workpiece, and the abrasive collides with the surface of 
the workpiece at a low speed. Considering the differ-
ence in contact force at different locations, the position 
correction coefficient k2 is proposed to characterize the 
influence of position on contact force.

In the spindle-type barrel finishing, the fixed workpiece 
is subjected to the contact force of the barrel finishing 
medium to generate bending strain. The bending strain 
energy when the workpiece is fixed is derived from Eq. 
(9):

(9)Vεl =

∫

l

F2
N (x)dx

2EA
+

∫

l

T 2(x)dx

2GIp
+

∫

l

M2(x)dx

2EI
.

where F(x) is the contact force; T(x) is the torque; M(x) is 
the bending moment; Ip is the polar moment of inertia; E 
is the elastic modulus of the workpiece; I is the moment 
of inertia; h is the distance from the bottom of the work-
piece to the bottom of the barrel; FN(x) is the equivalent 
contact force.

According to the theorem of work reciprocity, there 
is always an equivalent contact force that makes Eq. 
(11) true with the changing in radial position of the 
workpiece.

Define the position correction coefficient is:

Make b = 3m/2, then:

The position correction factor a and b obtained by 
the mathematical tool MATLAB fitting. Where a and 
b are the values that satisfy the highest fitting degree 
between the surface and the corresponding point. It is 
obtained that a = 2.894, b = − 0.1267, when l = 500 mm, 
h = 30  mm, the correlation coefficient and the correc-
tion correlation coefficient respectively are R2 = 0.9673, 
R2Adj = 0.9655, and the root mean square error is 
RMSE = 0.02131. The relation surface and surface fitting 
residual figure between the workpiece position correc-
tion coefficient and the positions of the workpieces are 
shown in Figure 13. The position correction coefficient of 
the workpiece is between 2.0 and 2.3 based on this study.

4.3  Modified Result Analysis
The universal contact force between the barrel finishing 
abrasive and the workpiece is obtained according to Eq. 
(6), Eq. (8) and Eq. (13):

Substitute the relevant material parameters in Table 3 
into Eq. (8), it is obtained that the workpiece material 
correction coefficient is 1.52. And by using the corrected 

(10)Vεl =
[FN (x)]

2(l + h− z)3

6EI
,

(11)Vεl =
[F(x)]2(d − x)3

6EI
.

(12)k2 = a(F(x)/FN (x))
3m/2.

(13)k2 = a

(

l + h− z

d − x

)b

.

(14)

F =
5.64π(1.234 + 1.256ν)Y

(

1280πE∗4
)0.2

∗ a

(

l + h− z

d − x

)b

∗

(

4

3
E∗(R∗)1/2δ3/2n

)

.

Figure 12. Collide model of abrasive and workpiece
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formula to calculate the contact force value at different 
positions, comparing and analyzing the simulation results 
with experimental results, it is found that the calculation 

of the relative error is between 1.63% and 12.68%. The fit-
ting effect of the corrected contact force calculation for-
mula and experimental test results is shown in Figure 14.

Figure 13. Relationship between the position correction coefficient 
and the position of workpiece

Figure 14. Comparison of calculation and experimental results of sampling points location (CR: Calculation results, ER: Experimental results)

Table 7. Experimental results of  the  average normal 
contact force of  workpiece at  different positions 
at v = 60 r/min F(N)

z (mm) x (mm)

40 55 70 85

55 2.5437 3.2318 4.8117 5.2081

70 2.1219 2.9465 3.6389 4.7393

85 1.7971 2.3384 2.8660 3.8038

100 1.0806 1.8481 2.1170 2.6938

115 0.8793 1.0213 1.1733 1.8003

Table 8. Simulation results of  the  average contact force 
of workpiece at different positions at v = 60 r/min F(N)

z (mm) x (mm)

40 55 70 85

55 0.6187 0.9017 1.0938 1.5271

70 0.4418 0.8017 0.9931 1.3071

85 0.3684 0.6396 0.8503 0.9638

100 0.2915 0.4914 0.6231 0.8019

115 0.2403 0.2762 0.3328 0.5329



Page 11 of 13Wang et al. Chin. J. Mech. Eng.           (2020) 33:83  

5  Experimental Verification Analysis
This paper compares and analyzes the contact force 
between the experimental test and the simulation at 
various sampling points at v = 60 r/min in order to check 
the universal suitability of the general contact force sug-
gested above in Eq. (14). Tables 7 and 8 show the average 
normal contact force between the experimental test and 
the simulation test respectively. Table 9 shows the results 
of the simulation data in Table 8 calculated by Eq. (14).

Comparing the data of Tables 7 and 9 and calculating 
the relative error is between 0.58% and 14.07%. The result 
shows that the fitting effect between the corrected con-
tact force calculation formula and experimental results is 
better, as shown in Figure 15.

6  Conclusions
For the spindle barrel finishing technology, this following 
conclusions are obtained based on the experiment and 
the numerical simulation.

1 In the barrel finishing process, the contact force value 
which is obtained based on the Hertz-Mindlin (no 
slip) contact model simulation is smaller than that of 
the actual working condition and the relative error 
is between 66.8% and 72.4%, so there will be a lager 
error when using the Hertz-MD non-slip contact 
model in the simulation process.

2 The average contact force between the barrel finish-
ing abrasive and the workpiece increases with the 
depth of the workpiece embedded in the abrasive 
and the increase of the distance from the roller center 
shaft. It explains that the reasonable correction of the 
simulation contact model can effectively represent 
the experimental test results.

3 The material properties and the contact position of 
the contact system formed by the barrel finishing 
abrasive and the workpiece have a significant influ-
ence on the contact force. Based on Hertz elastic 
contact theory, after considering the material correc-
tion coefficient and the workpiece position correc-
tion coefficient, the formula for calculating the con-
tact force between the barrel finishing abrasive and 
the workpiece is established and it can better reflect 
the actual contact condition.

4 Based on Hertz contact theory and Newton’s sec-
ond law, it obtains the material correction coefficient 
ranges from 1.41 to 2.38, which is inversely related to 
the equivalent modulus E and the position correction 
coefficient ranges from 2.0 to 2.3.

5 The contact force calculation formula is verified 
by changing the rotation speed. The relative error 
between the calculation result and the experimen-

Table 9. Calculation results of  the  average contact force 
of workpiece at different positions at v = 60 r/min F(N)

z (mm) x (mm)

40 55 70 85

55 2.5023 3.5240 5.0385 5.3648

70 2.0519 2.9296 4.0565 4.9460

85 1.5754 2.2721 3.2023 4.0615

100 1.0016 1.6488 2.3406 3.0352

115 0.7766 0.9592 1.3118 1.7089

Figure 15. Comparison of calculation and experimental results of sampling points location (CR: Calculation results, ER: Experimental results)
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tal test result is between 0.58% and 14.07% using 
the formula proposed in this paper which means the 
calculation result can better reflect the actual con-
tact force. However, the influence of the size of the 
workpiece on the position correction expression is 
not considered in this paper. This will be the research 
direction in the future.
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