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Abstract 

The study on the strategy of bouncing a ball with a drum provides a reference for future 
artificial intelligence in this regard.Firstly, the model was hypothesized, and the 
minimum work was associated with the minimum energy required to bounce the ball. In 
the ideal state, the strategy was studied to obtain the relationship between tension and 
rope length and falling height, as well as the time point of generating force.In 
combination with the theory of hook stock quantification and oblique throwing, the 
strategic improvement of the ball and the drum was studied in reality, and the optimal 
falling height of the ball in order to fall on the drum surface and the displacement 
interval of the drum in order to catch the ball were obtained in the process of a bounce.  
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1. INTRODUCTION 

Concentric drum is a popular game of teamwork, which requires team members to have a 
reasonable division of labor in the game, and cooperate with each other. In the process of the 
game, the players can only grab the end of the rope and use the drum to bounce the ball. They 
cannot touch the drum or other parts of the rope. In the process of bouncing the ball, there 
should be a certain distance between the height of the ball and the drum, otherwise the project 
will stop.It is required to bounce the ball continuously as many times as possible within a 
certain period of time. 

Li xue, qian lili [1] et al. made a brief analysis of the collision process from the perspective of 
force and motion, making the process of elastic collision easy to understand. Wu shiyong, tian 
baoguo [2] et al. analyzed the collision between small balls from a theoretical perspective, 
applied this method to the collision between small balls and an infinite plate, and carried out 
numerical simulation on it. The results were satisfactory. Liu quan [3] analyzed the theory of 
constant relative velocity before and after collision in the study of completely elastic collision, 
and found that it has certain advantages. Lu junling  [4] et al. found that the kinetic energy loss 
caused by the collision was mainly in the center of mass during the collision, and only part of 
the energy was lost. They compared the one-dimensional collision of small balls to rigid bodies 
for research. 

2. DATE SOURCE, HYPOTHESIS AND STATE CLASSIFICATION 

The data in this paper are from question B of the 2019 national mathematical modeling contest 
for college students. In order to facilitate the modeling process, the following assumptions are 
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proposed: (1) assume that the ball is not affected by air resistance and horizontal wind during 
the falling;(2)The essay assumes that the ball is bounced without considering the impact of the 
ball's rotation;(3)Let's assume that all the players are standing evenly. 

State classification: (1) under ideal condition, their quest to establish a mathematical model of 
the team to bounce the ball the best strategy, according to the law of conservation of mechanical 
energy and single minimum work model, thrown on to the height of the at the same time, as far 
as possible to bounce the ball more, is in the process of a bounce the ball, to achieve the minimal 
energy consumption, analysis, respectively, in the process of extrusion and recovery so as to 
establish an optimization model of the function.(2)In the reality, due to the difference in the 
timing and size of the force, the drum will no longer be horizontal. The best strategy in the ideal 
condition is adjusted to make the ball pop up in the vertical direction again. The ball and the 
drum were adjusted respectively. After obtaining the optimal falling height of the ball, it was 
assumed that the drum moved with the ball, and the displacement interval model needed by 
the drum was established. 

3. BASED ON THE IDEAL STATE OF THE DRUM BOUNCE STRATEGY 

3.1. Theoretical Basis 

Conservation of energy [5] is a fundamental theorem of physics, which is used to simplify the 
study of problems and to obtain the unknown quantity desired by energy transformation in the 
system. Momentum conservation theorem [6] means that under certain conditions, that is, 
when there is no external force or the resultant force is zero, the total momentum between each 
object remains unchanged. It is generally used to study collision problems. 

3.2. Research Methods 

At this point, assuming that the total energy of each person is a certain amount, the number of 
times of bouncing the ball is as much as possible, that is, in the process of a single bouncing ball, 
the work done by the person is as little as possible[7].Force analysis was carried out on the 
extrusion process of volleyball hitting the drum face and the recovery process of the drum face, 
and the component force in the vertical direction of human pulling force was integrated, so that 
it was equal to the minimum energy lost by these people and the drum[8].First, let's assume 
that F is the tension of human in the process of ball extrusion, F 'is the tension of human in the 
process of drum recovery, m1 is the mass of the ball, m2 is the mass of the drum, x is the height 
of the falling drum, and L is the length of the rope.V1 is the velocity at which the ball just touches 
the drum, and v2 is the common velocity after the ball and the drum collide. 

3.2.1. Extrusion Process 

 
Figure 1. Tension analysis of the rope during extrusion 
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3.2.2. Recovery Process 

 
Figure 2. Force analysis of recovery process 

 

Ὂ

Ὂᴂ

ὼ

ὒ
 

 

ὊὨὼ
Ὂὼ

ὒ
Ὠὼ

Ὂᴂὼ

ςὒ

ρ

ς
ά ά ὺ ά ά Ὣὼ 

 

))(( 2

121

2'

gxvmm
L

xF
++=

 

3.3. Result Analysis 

Since the mass of drum and volleyball is certain, the falling speed of volleyball is also known. 
Through the above analysis, the relation between the falling height of drum and the length of 
rope can be obtained respectively. If two of the three unknowns are known in subsequent 
studies, the most labor-saving scheme can be solved[9].When the ball began to hit the drum 
face, n people at the same time with the force of F to pull the rope, so that the drum will not be 
falling ball impact more falling amplitude, at this time, the force used by each person is the same 
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size; When the falling speed of drum and ball becomes zero, n people pull the rope with  F’force 
at the same time, making it react on the ball, making it rise to the original 0.4m or even higher. 

4. STUDY ON DRUMMING AND BALL HANDLING STRATEGY BASED ON THE 
ACTUAL SITUATION 

4.1. Theoretical Basis 

The collision can be divided into completely elastic collision, completely inelastic collision and 
non-completely elastic collision. When the ball collides with the inclined inclined plane, it is 
considered as a completely elastic collision [10]. The ball changes its direction and makes 
parabolic motion at the same Angle as the normal line perpendicular to the drum surface. The 
Pythagorean theorem in this paper is a kind of formula in a triangle, which can be used to find 
the relationship between the three sides. 

4.2. Research Methods 

Because people can't completely accurate control of the size of the force and timing, every time 
the ball falling hit tilted slightly raised, can make its accurate return to the vertical direction, so, 
again ask raised movement, will be divided into the ball from the right correct good ZaJi to 
raised the most left end minimum distances (raised) and from the left side ZaJi to raised the 
right end (raised mobile distance biggest) (assuming the ball from right to left to do 
parabola).In this problem, suppose the ball falls from a height of 0.4 meters and the radius of 
the drum is 0.2 meters. 

4.2.1. Analysis of the Optimal Falling Height Range of the Ball 

Assuming that the drum face is horizontal, the falling direction of the ball is inclined, and the 
included Angle with the vertical direction is calculated at the maximum of 10°, let A be the 
horizontal distance from the vertical direction when the ball falls [11], the specific mark is 
shown in figure 3. 

 

 
Figure 3. Distance and Angle analysis when the ball falls at an Angle 

 

According to the 
h

A
=btan , When A is the maximum radius of the drum face of 0.2m, h=1.13m 

can be calculated. Considering some uncontrollable factors in practice, when the falling height 
of the ball is more than 1m, the volleyball will fall to the place outside the drum face. In order 
to make the volleyball as straight up and down as possible, to define the drum sweetheart, the 
contact point between the ball and the drum is the best in this area. According to the formula
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btan

r
h= , h=0.57m, that is, the bouncing height of the ball is the best within 0.6m. Since the 

lowest height given in the question is 0.4m, the falling height interval of the volleyball can be 
obtained [0.4m, 0.6m). 

4.2.2. When the Drum Movement Is Minimal: 
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Figure 4. Minimum displacement of drum movement 

 

The original optimal falling point of 0.4 meters was calculated relative to the center of the drum 
face, but now the drum is slightly tilted [12], so the falling height of the ball should actually be 
lower than 0.4 meters. The calculation equation is as follows: 
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The initial falling velocity of the ball is set to v0, according to the kinetic formula: 
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Let the displacement of the drum be S, then: 
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4.2.3. When the Drum Moves to the Maximum 

 
Figure 5. The maximum displacement of the drum 

 

Due to the tilt of the drum, the actual falling height of the ball is [13]: 
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In the case of the maximum moving distance, the formula for calculating time and displacement 
is consistent with the formula for calculating the minimum moving distance, and can be solved 
as follows: 
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4.3. Result Analysis 

In reality, when the ball is no longer bouncing vertically and the drum is no longer horizontal, 
the ball should not fall or be thrown more than 0.6 meters in order to stay on the drum 
surface.Otherwise it falls outside the drum;Then, the movement of the drum surface is analyzed. 
When the ball starts to make parabolic movement, the drum moves accordingly. It can be seen 
that the displacement interval of the drum is 

)]sin2.04.0(2cos2sin4),sin2.04.0(2cos2sin4[ qqqqqq +- . 

5. CONCLUSION 

In the game in which many people work together to hit the drum and bounce the ball, in order 
to make the bounce as many times as possible, the physical ability of a single bounce must be 
as little as possible to achieve a state of maximum effort saving. This state is closely related to 
the rope length of the drum and the falling height of the drum. This is the study under the ideal 
state, without considering the sound energy of the ball when it hits the drum face. But in the 
real cases, the ball and drum are not kept the original state of motion, the ball drop height on 
whether people can accurately grasp its location is important, when high drop height, is raised 
when the speed, the greater the contact person is unable to accurately determine the position 
of the ball, small drop height is too small can't meet the requirements; The displacement 
interval of the drum moving with the movement of the ball is also related to the tilt degree of 
the drum[14].Want to achieve fully able to catch the ball, the very test of members, the 
collaboration between the different players with time is different, the size of the force between 
different, or to the direction of the applied force is raised and has different impact on the 
movement of the ball, the Angle can be calculated, provides direction for future research of 
artificial intelligence. 
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