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Abstract: When ANSYS finite element analysis of the ball mill rotation body is conducted, the 
force of the ball mill rotation body should be analyzed first. The force of the rotation body is closely 
related to the grinding action of the ball mill. The grinding effect of the ball mill is completed based 
on the movement of the medium in its rotation body. Therefore, it is necessary to study the motion 
of the medium in the rotation body in order to study the grinding effect of the ball mill. On the basis 
of it, the force of the rotation body will be studied. This paper studies the basic problems of 
mechanics. 

1. Introduction 
The material pulverization of the ball mill is achieved by impacting, grinding and stripping the 

material through the movement of the crushing medium. The motion pattern and motion law of the 
crushed medium are the basis for studying the productivity, optimizing the parameters and 
improving the milling efficiency of the ball mill. Therefore, the primary task of studying the 
grinding theory of ball mill [1-3] is to study the motion pattern of grinding medium and pattern of 
motion. The movement of the medium in the rotation body of the ball mill is a complicated process. 
Its movement depends on the speed of the mill cylinder, medium filling rate, mill liner, ball-to-batch 
ratio, slurry concentration, etc. [5] [6], especially the rotation speed of the ball mill and the filling 
rate of the medium [4] .The primary task is to analyze the movement law of the crushing medium in 
the rotation body of the ball mill to select the working parameters economically and to improve the 
working efficiency of the mill. As far as the motion state of the medium in the ball mill is concerned, 
a lot of experimental researches have been carried out and many different viewpoints have been put 
forward. The three typical motion states of sluice type, dropping type and centrifugal type are 
determined from several motion states of the ball mill crushing medium. The grinding effect- one of 
the three typical motion forms is analyzed [7]. 

2. Dropping Motion State 
When the crushing medium moves in the high-speed rotation body, the motion trajectory at any 

layer of the medium can be divided into two segments, as shown in Figure 1. When rising, the 
medium is circumvented from the dropping point A1 to the detachment point A5, which shows the 
circular trajectory movement. However, from the detachment point A5 to the dropping point A1, it 
falls on a parabolic trajectory between point A5 and point A1, followed by circular trajectory 
movement, repeatedly cycles. Under the friction between the inner wall of the cylinder (liner) and 
the outermost medium, the medium on the external layer moves along a circular path, creating 
friction among adjacent layers of media. Therefore, the media of the inner layers also move along a 
circular trajectory of a concentric circle, which rotate together with the cylinder as a whole. The 
friction depends on the coefficient of friction and the positive pressure acting on the inner wall of 
the cylinder (or the adjacent medium layer). The positive pressure is generated by the radial 
component of force N and Centrifugal force C. The tangential component of gravity T has a 
tendency to rotate the medium in the direction opposite to the direction of rotation of the cylinder. If 
the friction moment to the cylinder is greater than that of the tangential component T to the center of 
the cylinder, there is no relative sliding between the medium and the wall of the cylinder or the 
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medium layer. On the contrary, there is relative sliding. 

 
Figure 1. The motion trajectory of the medium in the dropping state 

The coefficient of friction depends on the nature of the ore, the shape of the inner surface of the 
cylinder and the concentration of the slurry. When the friction coefficient is constant, there is not 
much crushing medium in the cylinder, the rotating speed of the rotating body is low, and the 
friction is small to a certain extent due to the small positive pressure, the medium will slide 
relatively along the cylinder wall. There is also relative sliding between the medium layers. 
Meanwhile the medium also rotates around its own geometric axis. In any layer of the media, the 
movement of each medium along a circular path is not simply caused by the friction acting on this 
medium alone but relies on the friction of the entire media. This medium is driven acting only as a 
group of all the rotating media, which is supported" by the media of the same layer behind. When in 
a dropping state, materials are crushed both by the impact force generated under the medium 
community and by partial grinding. The ball mill works in this kind of state. 

3. The Motion Trajectory of the Crushing Medium in the Dropping State 
When the ball mill is working, the material in the cylinder is crushed mainly by impact and 

honing of the dropping motion of the medium. It can be seen that the dropping motion of the 
crushing medium is a better method of grinding. Therefore, the motion of the crushing medium in 
the dropping state will be systematically analyzed [7-9]. When the ball mill starts working, the ball 
and the cylinder rotate together due to the centrifugal force and the friction.  The motion trajectory 
of the ball on any layer is centered on the center of the cylinder, with R being the radius of the 
radius (the radius of the rotating layer where the ball is located). When the ball rotates together with 
the cylinder and is lifted to a certain height, the centrifugal force of the ball is less than the 
centripetal force of the ball weight, the ball moves away from the wall of the cylinder at a 
preliminary velocity V (circumferential speed of the cylinder) for parabolic motion. After falling, 
the ball returns to the circular trajectory. During this process, the ball moves back and forth in the 
ball mill in a circular and parabolic trajectory. Studying the motion law of the steel ball in the ball 
mill, the motion of a steel ball in the outermost layer of the cylinder should be analyzed. The 
following assumptions are made to simplify the discussion:  

(1) The movement of the steel balls is completely similar in each vertical section of the axial 
direction of the cylinder, and the section is independent; 

(2) The steel ball remains relatively static to the inner wall of the cylinder, and so does the steel 
ball to the other steel ball, without relative sliding phenomenon;  

(3) Since the diameter of the steel ball is much smaller than the inner diameter of the cylinder, 
and the diameter of the steel ball is omitted, the radius of gyration of the outer ball can be expressed 
by the inner radius of the cylinder. On the basis of the hypothesis, the motion theory of the crushing 
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medium of the ball mill in the dropping state is studied. 

4. The Trajectory Equation of the Steel Ball during the Dropping Motion 
When the steel ball is in a parabolic motion, its motion is divided into two steps as shown in 

Figure 2. The circular motion around the circular track BA from point A to point B. In the figure, 
point A is called the detachment point, and point B is called the dropping point.α is the angle 
between the line of centre OA and the vertical axis, indicating the detachment angle at which the 
ball detaches from the original trajectory. β is the angle between the line of centre OB and the 
horizontal axis, which is called the dropping angle. As shown in Figure 2, the radius of the cylinder 
(the unit is m) is represented by R. When the ball in a circular motion reaches point A, the 
centrifugal force C of the ball is equal to the radial component N of the ball weight G. Its tangential 
component force T is offset by the thrust of a subsequent balls. If the ball crosses point A, the ball 
falls off the cylinder along the parabolic trajectory at tangential speed v. 

 
Figure 2. The trajectory and force status of the ball 

Take point A as the coordinate origin of the Cartesian coordinate system XAY. In this coordinate 
system, the circle must be at the center Point O of the cylinder in the ball mill, the curve equation 
with radius R is: 

RRYRX 222 )cos()sin( =+ +− αα                        (1) 

Equation (1) is the equation of motion of the ball in a circular motion in the XAY coordinate 
system. If α  indicates the angle at which the steel ball begins to make a dropping motion, that is, 
the angle at which the circular motion is removed (the angle of detachment), the balanced 
relationship at the detachment point is: 

αcosGC =                                 (2) 
2

2C mR m
R
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Substitute the C value into the above formula, and get: 
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2

g
R
v =                                (3) 
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Where: m - the quality of the ball; 

v-the speed of the ball,
30
Rnv π

= , m/s; 

n-the rotation speed of the cylinder, r/min; 
g-gravity acceleration, m/s2. 
After the steel ball is detached from point A, according to the law of parabolic motion, its 

horizontal distance x and vertical distance y are: 

( cos )X v tα=                                 (4) 

2

2
1)sin( gttvY += α                              (5) 

Eliminate the value of t in the above equation and get: 

α
α 22

2
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gXXY −=                             (6) 

Substitute formula (3) into the above formula, the equation for the steel ball to make the 
dropping motion in the coordinate XAY is obtained. 

α
α 3

2
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tan

R
XXY −=                              (7) 

5. Conclusion 
This paper analyzes not only one of the three typical motion patterns of the medium in the 

cylinder of the ball mill, but also the movement of the internal crushing medium in the ball mill 
under the falling motion mode. The trajectory equation of the crushing medium for the dropping 
motion is obtained. The basic force of the cylinder is also analyzed in detail, which lays the 
foundation for finite element analysis. 
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