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ABSTRACT 
 
Along with the progress of The Times, is both beautiful and passionate tennis is more and
more popular among the masses and favor, in order to reduce the probability of people
were injured while trying to play tennis, tennis players backhand return in this paper,
through research on the dynamics of the arm back to find the athletes the forearm and the
speed of the shoulder joint, elbow and wrist joints. Tennis is obtained by analysis of
moment of inertia of the momentum depends on wrist shot on the momentum of the
backhand and got the tennis player in the back to back when pat arm of potential energy
and kinetic energy, the athletes can increase the elbow by shoulder joint effective braking
the momentum of the elbow will similarly to brake momentum transfer to the wrist, rise to
increase the momentum of the tennis hits. So the forearm angular velocity should be
greater than the angular velocity of the upper arm, it will be more conducive to the
acceleration of elbow joint. And also can get tennis player in his backhand return to shoot
with the player at the moment of stroke sudden braking of wrist joint and buffer time lead
to smaller lesions in the wrist and elbow. Volkswagen group according to the parts in this
paper, the corresponding protection. 
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Figure 2 : The back figure of the tennis players’ backhand return 
 

 
 

Figure 3 : Two rigid bodies’ three degrees of freedom 
 

In figure 3, P is the shoulder joint of the athlete, and 1P is the elbow joint. The upper arm and 
forearm is 21, JJ . The anatomical angles are 21,φφ . Among them, P and 1P  have three degrees of 

freedom and the trivector are 21,
••

φφ . 

Now we regard the earth as the reference frame. 1

•

λ  and 2

•

λ  are the angular velocity, relative to 
the reference frame, of the upper arm and forearm of the arm the athlete used to apply return shoot. The 

velocity of the elbow joint is 2

•

φ , and its value is : 
 

122

•••

−= λλφ  
 

When the tennis player deliver a backhand return to shoot, the speed the tennis is shot out depends 
on the instantaneous velocity of the shooting arm. And, the angular velocity of wrist O  is subject to the 
angular velocities of the upper arm, the forearm, and the elbow. The reason is that when elbow joint 1P is 
circling, it will force the forearm to make translation and rotation in the relative coordinate system xyzP −1

. Besides, the translation and rotation are relatively independent, and therefore, it won’t affect the motion 
vectors of the hip joint and the elbow joint and the angular velocity of the crus. But the speed of wrist O is 
connected to its relative velocity and the speed of elbow joint 1P . So: 
 

11111 )(
→•→•→→

×=×= HHpC G φφ , 22)(
→•→

×= HOC L φ  
 

In the equation, GPC )( 1

→→

is the velocity vector of the elbow joint in the reference frame, and 

LOC )(
→

 is the speed of O relative to elbow joint 1P. 21 ,
••

φφ are the angular velocities of shoulder joint P and 

elbow joint 1P. 1

→

H is the position vector between the shoulder joint and the knee joint, and 2

→

H is the 
position vector between the elbow joint and wrist joint O . 
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To get the speed of wrist joint O relative to the earth GG OCO )(
→→•

= , we must know the influence 
of the local motion of the upper arm and the forearm to the elbow joint. According to the vector 
theorem, we can get: 
 

212211

→•→•→••

×+×+×= HHHOG φφφ , 22211 )(
→•→→••

×++= HHHOG φφ  
 
To simplify is: 
 

221

→••→•

×+×= HOO GG φφ  
 

The shoulder joint makes the speed produced by the wrist joint to be cross product 1

•→

×φGO , and 

cross product 22

→•

×Vλ  is the speed produced by the wrist joint made by the elbow joint. GO
•

is the 
position vector of the wrist joint in the reference frame. 
To describe the velocity relation of the shoulder joint, elbow joint and the wrist joint further and 
accurately, we write down the relationship between the angles of the shoulder joint and the elbow joint 
and the position of the wrist joint as: 
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To perform differential to the angles of the shoulder joint and the elbow joint, the relationship 

between the position vector of the wrist joint and them can be obtained by derivation: 
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We transfer the equations above into matrix: 
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Based on the property of the matrix and Vector product method, the equations above can be 

written as
→→→

= φdUOd G . 
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change rate of anatomical angle in unit time to reach maximum. And in this process, forearm’s change 
rate of anatomical angle must be bigger than thigh’ angle changing rate. According to can transfer 
theorem of rigid body, at the moment that the backhand arm hitting the ball, the angle between big arm 
and forearm is almost o180 , the power will transfer from big arm axis to forearm. But because big arm 
and forearm are connected, so the power will lose during the transferring process. So the angular speed 
of forearm bigger than big arm will be more benefit to elbow joint’s acceleration. And from the dynamic 
analysis results of athletes’ backhand return shot, when cheer leading players are doing backhand return 
shot, they must fasten forearms’ speed to make forearms’ angle bigger than big arms’ in order to speed 
up elbow joints’ acceleration. But when men shot balls, it will make every joint sudden stopping, so 
joint O  and joint 1p  will injury because of joint 1P  ‘ sudden braking on the moment when athlete is 
shooting balls. 
 

CONCLUSION 
 

Through kinetic analysis of backhand arms when tennis players are doing backhand return shot, 
this text found the speed relationship of athletes’ big arms, forearms, shoulder joint, elbow joint and 
wrist joint. Through analysis of its moment of inertia, we knew that momentum of tennis depends on 
momentum of wrist hitting balls, and we got backhand arms produced potential energy and kinetic 
energy during the process that tennis players doing backhand return shot, i.e. athletes can increase elbow 
joints’ kinetic energy by shoulder joints’ effective braking. In the same way, they can stop elbow joints 
to transfer kinetic energy to wrist joints in order to increase kinetic energy that the ball is being shot. So 
angular speed of forearms should be bigger than big arms’, and in this way can be more benefit to fasten 
elbow joints’ acceleration. And we can also knew that when athletes are doing backhand return shot, the 
elbow joints and wrist joints will injury because the sudden braking of shooting balls and too short 
buffertime. 
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