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Abstract 
The phenomenon that the hard abrasive grains repeatedly cut the surface 
material of the parts during wear is very common in wear. In order to study 
the influencing factors of mechanical damage, based on the three-body abra-
sive wear, this paper discusses the wear of the secondary cutting abrasive. 
Firstly, the secondary wear model of the hemispherical abrasive grain on the 
friction pair surface is established. Secondly, the simulation experiment is 
carried out on the secondary scratching of the abrasive wear on the surface of 
the part. Next, the equivalent strain data and the equivalent stress data ob-
tained by the experiment are subjected to secondary friction analysis. The fi-
nal results show that the secondary friction damage of the hemispherical ab-
rasive grain is greater than one wear. 
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1. Introduction 

In the three-body abrasive wear, the abrasive particles are loosely distributed on 
the worn surface. When the abrasive particles are scratched by the contact sur-
face, the wear is highly random, and the result is unpredictable [1]. Therefore, in 
the three-body abrasive wear, it is very meaningful to study the factors affecting 
the friction and wear of mechanical equipment. 

For example, the process of contact between abrasive grains and wear mate-
rials was discussed in [2], and the wear of the abrasive grains and the deforma-
tion process of the material surface were obtained. The spherical abrasive par-
ticle model and the fractal abrasive particle model were used to analyze the in-
fluence of the distribution of the abrasive surface contact zone on the metal sur-
face in [3]. A fractal model was proposed based on the wear rate of abrasive wear 
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on rough surfaces [4] [5]. [6] studied the wear behavior of different metal mate-
rials. According to the shape of the abrasive grains, the abrasive grains were 
simplified into spherical abrasive grains [7], conical abrasive grains [7], round 
table abrasive grains [8], and pyramid abrasive grains [9]. The different wear 
factors of the above abrasive particles are based on the wear of the smooth plane, 
ignoring the effects of repeated scratches. Then, whether repeated friction and 
one friction will cause different wear changes has attracted our attention. This 
paper mainly analyzes the hemispherical abrasive particles and studies the sec-
ondary friction of the abrasive particles. 

For the case of three-body abrasive wear, this paper studies the hemispherical 
abrasive wear model. The ABAQUS finite element software is used to simulate 
the abrasive wear process, and the influence of secondary friction and wear is 
analyzed. It is found that the secondary wear is more serious on the metal sur-
face. 

2. Hemispherical Abrasive Grain Model 

The hemispherical abrasive model is shown in Figure 1. The parameter is set to 
the diameter of 20 μm and the height of 18 μm. The coordinates of the abrasive 
grain apex are (0, 0, 10). 

The entire cutting process is set up by 4 steps. Step 1, the abrasive grains are 
displaced by 2 μm in the negative direction of the Y-axis to simulate the case 
where the abrasive grains are pressed into the surface of the part. Step 2, the ab-
rasive grains are displaced by 80 μm in the positive direction of the Z-axis, which 
is the first cutting of the abrasive grains on the surface of the part. Step 3, the 
abrasive grains are displaced by 2 μm in the negative direction of the Y-axis, which 
is the starting state of the second cutting. Step 4, the abrasive grains are displaced 
by 80 μm in the negative direction of the Z-axis, which is the second cutting of 
the abrasive grains on the surface of the part. The trajectory of the hemispherical 
abrasive particles is shown in Figure 2. 

In order to calculate the average speed of each step, the parameters are set as 
follows. In step 1, the abrasive grain velocity is 2 m/s, and the direction is the 
negative direction of the Y-axis. In step 2, the abrasive cutting speed is 80 m/s  

 

 
Figure 1. Hemispherical abrasive particles and parts assembly. 
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Figure 2. Abrasive displacement diagram. 

 
and the direction is the positive Z-axis. In step 3, the abrasive grain velocity is 2 
m/s, and the direction is the negative direction of the Y-axis. In step 4, the abra-
sive grain velocity is 80 m/s, and the direction is the Z-axis negative direction. 
After the cutting process is completed, the coordinates of the apex of the abra-
sive grain are (0, −4, 10). 

The secondary cutting wear rate formula is as follows [10]: 
1 1

2 22 2
2 2 2 1 1 2 2arcsin 1 arcsin 1

2 2 2 2 2 2
d d d d d dH R
R R R R R R

 
           = + − − − −           

              
   

where 1d  is the width of the furrow when the abrasive grain first cuts the sur-
face material of the part, and 2d  is the width of the furrow when the abrasive 
grain cuts the surface material of the part for the second time. 

3. Simulation Experiments 

We set the surface material of the part to the aluminum alloy material. The first 
cut is taken as a reference and compared with the second cut. 

3.1. Equivalent Plastic Strain Analysis 

The abrasive particles and the surface material of the component are provided 
by the aluminum alloy material. The strain state cloud of the entire model at the 
end of each analysis step is shown in Figure 3. The maximum equivalent strain 
data is shown in Table 1. 

The following analysis can be derived from the data in Table 1. At step 1, the 
equivalent strain data increases with time. In the initial stage of step 2 abrasive 
grain cutting, the maximum equivalent strain data increases slightly with time. 
In step 3, continue to squeeze the surface of the part along the normal direction,  
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(a)                                        (b) 

  
(c)                                         (d) 

Figure 3. Hemispherical abrasive grain equivalent plastic strain cloud. (a) The end of 
step1; (b) The end of step 2; (c) The end of step 3; (d) The end of step 4. 

 
Table 1. Hemispherical abrasive grain maximum equivalent plastic strain data. 

Incremental step 
(Increment) 

Times 
(μs) 

Step 1 
PEEQ (%) 

Step 2 
PEEQ (%) 

Step 3 
PEEQ (%) 

Step 4 
PEEQ (%) 

0 0 0 0.7676 0.7887 0.7909 

222 0.05 0.05203 0.7712 0.7889 0.7909 

444 0.1 0.09822 0.7716 0.7889 0.7909 

666 0.15 0.1448 0.7733 0.7889 0.7910 

888 0.2 0.2000 0.7735 0.7892 0.7910 

1110 0.25 0.2707 0.7779 0.7893 0.7910 

1332 0.3 0.4804 0.7790 0.7894 0.7910 

1554 0.35 0.5625 0.7818 0.7894 0.7910 

1776 0.4 0.6070 0.7837 0.7897 0.7910 

1998 0.45 0.6385 0.7857 0.7898 0.7910 

2220 0.5 0.6942 0.7857 0.7898 0.7911 

2442 0.55 0.7135 0.7857 0.7899 0.7911 

2664 0.6 0.7420 0.7861 0.7901 0.7911 

2886 0.65 0.7278 0.7866 0.7902 0.7911 

3108 0.7 0.7486 0.7870 0.7909 0.7911 

3330 0.75 0.7498 0.7872 0.7909 0.7911 

3552 0.8 0.7676 0.7876 0.7909 0.7911 

3774 0.85 0.7823 0.7880 0.7909 0.7911 

3996 0.9 0.7853 0.7881 0.7909 0.7911 

4218 0.95 0.7742 0.7883 0.7909 0.7911 

4440 1 0.7676 0.7887 0.7909 0.5845 
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and the equivalent strain data changes little. In step 4, the abrasive grains are cut 
in the furrow, and the residual stress of the fracture surface of the furrow is su-
perimposed with the cutting force, so that the secondary cutting strain data is 
larger than one cutting. When the abrasive particles are displaced to a distance of 
2 μm from the initial position, the equivalent plastic strain value drops sharply. 

3.2. Equivalent Stress Analysis 

The equivalent stress change of the model after the end of the four analysis steps 
is shown in Figure 4. The equivalent stress data collected is shown in Table 2. 

 

  
(a)                                        (b) 

  
(c)                                        (d) 

Figure 4. Hemispherical abrasive grain maximum equivalent stress cloud. (a) The end of 
step 1; (b) The end of step 2; (c) The end of step3; (d) The end of step 4. 

 
Table 2. Hemispherical abrasive grain maximum equivalent stress data. 

Incremental step 
(Increment) 

Times 
(μs) 

Step 1 
Mises (MPa) 

Step 2 
Mises (MPa) 

Step 3 
Mises (MPa) 

Step 4 
Mises (MPa) 

0 0 0 397.6 386.8 390.9 

222 0.05 346.3 387.4 385.5 383.8 

444 0.1 349.4 387.2 384.7 387.2 

666 0.15 355.3 394.6 387.3 386.1 

888 0.2 360.9 395.4 384.0 384.1 

1110 0.25 364.3 394.4 386.2 385.0 

1332 0.3 379.5 397.0 383.8 386.5 

1554 0.35 389.8 396.9 386.2 390.5 

1776 0.4 390.9 394.1 389.7 389.1 

1998 0.45 398.5 388.7 386.0 391.2 

2220 0.5 392.8 389.2 387.8 386.2 

2442 0.55 397.3 396.0 392.3 390.0 
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Continued 

2664 0.6 400.4 387.4 393.0 384.2 

2886 0.65 400.1 385.0 388.5 388.3 

3108 0.7 401.9 383.7 393.6 385.1 

3330 0.75 401.3 397.6 392.1 388.9 

3552 0.8 403.6 397.8 390.8 389.7 

3774 0.85 402.2 387.8 389.2 392.8 

3996 0.9 402.2 384.4 392.3 392.1 

4218 0.95 402.0 385.3 395.7 399.9 

4440 1 397.6 386.8 390.9 391.9 

 
The following analysis is obtained by Table 2. At step 1, the equivalent stress 

increases with time. In the first stage of step 2 abrasive grain cutting, the maximum 
equivalent stress data varies less. In step 3, the surface of the part is continuously 
pressed in the direction of the method, and the equivalent stress is slightly in-
creased. In step 4, the abrasive particles undergo a cutting action in the furrow 
and the equivalent stress level is lower overall than step 2. 

4. Conclusions 

1) In three-body abrasive wear, analysis of equivalent strain data and equiva-
lent stress data indicates that secondary wear is greater than one wear. There-
fore, the wear of the friction pair surface is related to the number of frictions. 

2) There are many factors affecting the wear of metal surfaces. We further ex-
plore other wear factors of hemispherical abrasive grains in the future. 
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