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Abstract — The study used the finite element method (FEM) to establish the impact analysis model in the process of tennis playing, 
trying to probe into the influence of different incident angles, speed and spin on the reaction impact force of the racket. The 
findings show that there is a larger reaction impact when the player plays from a bigger incident angle. In addition, a spinning ball 
has a greater impact than a flat ball when the ball is played with the same incident velocity in different incident angles. Finally, 
there is a greater impact for a ball from a big incident angle with the same sphericity than from a small angle. 
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I. INTRODUCTION 

The tennis movement is an item has the deep cultural 
inside story, the lofty attribute and adapts the people to 
pursue the fashion, the attention healthy demand movement 
project [1]. The tennis movement, now already became a 
people important leisure entertainment healthy body project, 
gradually is liked by the modern university students and 
accepts, and gradually was promoting the popularization in 
the universities [2]. 

In recent years, the tennis take continuous development 
in China. In 2004 Olympic Games and the Australian tennis 
Open in 2006 ,women’s Doubles Champions indicates that 
China’s rapid rise of women’s tennis, lighting tennis 
participation of our people’s enthusiasm. Tennis, is a kind of 
sports interesting but expensive [3]. Because you have to buy 
the pat and balls before you play it, especially the pat is 
rather expensive, it probably cost you several hundred Yuan 
or even more if you want to buy a better one to improve your 
playing skill. And the ground is basic condition for the tennis 
players. As building a piece of ground may cost several 
hundred thousand Yuan, so the expense of renting the 
ground is higher than that of the other kind of sports .In 
addition, tennis need good skill and technique, which is not 
so easy to learn and master, hence the players should spend a 
long time to learn the basic skill of playing tennis. From the 
angle of profession, the playing pose is crucial for the people 
who learn playing tennis primitively, which may decide the 
future of him [4]. Although playing tennis isn't an easy 
business for amateur, but it actually is interesting and 
charming, attracting lots of people including students, white-
skirt, and so the expense of renting the ground is higher than 
that of the other kind of sports [5] .In addition, tennis need 
good skill and technique, which is not so easy to learn and 
master, hence the players should spend a long time to learn 
the basic skill of playing tennis. From the angle of 
profession, the playing pose is crucial for the person who 
learns playing tennis primitively, which may decide the 

future of him. Although playing tennis isn't an easy business 
for amateur, but it actually is interesting and charming, 
attracting lots of people including students, white-skirt, and 
so on [6]. 

With the improvement of general strength and the 
economic development, our sport project has been 
developing rapidly; especially the athletics level has ranked 
top in the world. However, the development of our tennis is 
relatively slow that it has never taken up a place in the 
world's top tennis occupation. Therefore the focus we should 
pay close attention is how to change this situation to improve 
the competitive level of tennis [7]. 

 Tennis has been widespread in our country's college. 
Almost of institutes of Physical Education (IPE) has been 
started tennis course, but exercise- trauma is popular because 
of characteristic of tennis and other factors. The sports injury 
can't avoid even if professional students who are in college 
and athletes [8]. Students have had awe-stricken emotion 
because of it, especially beginner. The normal teaching and 
training has been affected. 

The tennis sports belongs to the resistant sports item with 
separate nets and it requests the participant to have various 
comprehensive quality, such as strength, endurance, keenly, 
speed, skill and so on. And it sets the higher requirement to 
the technical sports. At present, the modern tennis sports 
requests the players to hit a ball with much strength as bigger 
as possible and the hitting speed is more and more quick, and 
the requirement of the technical level is more 
comprehensive. But following is that the tennis players are 
injured in daily training and competition. The sports injured 
occurrence would destroy the systematic characteristic of the 
sports training, and affect the training effect and competition 
result, which brings the huge pressure in physiology and the 
psychology to the players. Simultaneously, it also brings the 
enormous manpower and the material resource waste to the 
country. 

Hand with tennis racket injured or not is determined by 
the way hitting the ball. So the basic of hand injure research 
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is to know the force that racket passed to arm in hitting the 
ball. 

II. MATERIAL AND METHODS 

The process tennis hitting the racket is an impact process 
which contains material nonlinearity, geometric nonlinearity, 
contact nonlinear. 

There are some research results about nonlinear impact 
theory model of tennis and tennis rackets. Most of them are 
simplified tennis as a system consisting of mass, spring, and 
damper. The frame is regarded as a rigid body. Line bed is 
regarded as non-linear spring. In other models, ball string is 
regarded as the linear elastic material, simulating with Truss 
element, racket regarded as a rigid body with completely 
fixed boundary conditions. If regarded the racket as a rigid 
body, it can simplify the calculation and reduce computing 
scale. But the results are not included the effect of elastic 
deformation of the racket to tennis force and movement 
forms. In the research, racket is regarded as deformable 
bodies, including the effect of elastic deformation of the 
racket to tennis force and movement forms, meeting the 
actual situation. 

As illustrated by Figure 1, tennis racket length is 685.8 
mm, in axisymmetric shape. The inner ring is elliptical with 
181.4 mm * 113.2 mm. The outer ring is elliptical with 189.4 
mm * 121.2 mm. The racket neck is in 75 mm length, 31.16 
mm width. The thickness of racket is 25mm. Racquet string 
bed is 17 * 19 (17 strings in vertical, 19 strings in horizontal). 
Cross-sectional area of each ball string is 1.43 mm2. Tennis 
is geometry with 66. 7 mm diameter and 5 mm shell 
thickness shown in Figure 2. 

 

 

Figure 1. Mathematical Model of Tennis Racket and Tennis Ball  

 
Racket is divided with tetrahedral units. Racket handle is 

divided with hexahedral units. Racquet strings is divided 
with beam units. In the whole finite element model, the total 
number of nodes is 12932. The total number of units is 
22591. The number of hexahedral elements C3D8 used in 
total is 4950. The number of line unit T3D2 used in total is 
1822. The number of tetrahedral elements C3D8 used in total 
is 15603, as shown by Table 1. 

 

Figure 2. Model of Tennis Ball (Dimensions are Expressed in 
Millimetres)  

 

Figure 3. Finite Element Model of a Tennis Racket after Meshing 

TABLE I PHYSICAL PARAMETERS OF MATERIAL 

Parts Materials Parameters 

Racket frame Isotropic material 
E = 25 GPa 

υ = 0.3 
ρ = 1.75*10-6kg /mm3 

Racket 
handle 

Isotropic material 
E = 25 GPa 

υ = 0.3 
ρ = 1.75*10-6kg /mm3 

Racket 
strings 

Isotropic material 
E = 6895 MPa 

υ = 0.25 
ρ = 1.068*10-6kg /mm3 

Tennis ball 
Super-elastic material 

Mooney-Rivlin 
model  

C10 = 0.69 MPa 
C01 = 0.173 MPa 
D = 0.0145 MPa-1 

 

The chosen of string material refer to Ridhai Model. 
The material properties are linear elastic. Elastic modulus is 
6895 MPa. Poisson's ratio is 0.25. Density is 1.068*10-6 kg 
/mm3. Boundary condition is that the end of grip is 
completely fixed.  

Ux = Uy = Uz= Ｒx = Ｒy = Ｒz = 0     (1) 

 Ux, Uy, Uz means the displacement in three directions. 
Rx, Ry, Rz means Rotational angular displacement in x, 
y, z. It is to restrict rigid body displacement of racket, 
meeting the actual situation. 

 Tennis ball is wrapped in multiple layers material, filled 
with 101.3 kPa gases. Innermost is rubber layer. The outer 
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is fabric layer composed of twine. Surface is layer of plush 
animals. In the model, rubber material is utilized. Rubber is 
a super-elastic material with high nonlinearity. It is 
descripted with strain energy density function. 

2
10 1 01 2 3

1
( 3) ( 3) ( 1)C I C I I

D
          (2) 

   is the strain energy density. 321 ，， III  are Cauchy-
Green strain Tensor invariants. D is the material constants. 

10C  = 0. 69 MPa                           (3) 

          
01C  = 0. 173 MPa                           (4) 

- 1D = 0. 0145 MPa                         (5) 
 

III. RESULTS 

 
Figure 4. Cavity Pressure of the Ball versus Volume Change.  

 

 
Figure 5. Deformation of Tennis Racket and Ball during Impact. 

 

During the process of ball hitting the racket different 
hit point means different result. We chose the middle of 
racket as the point, meeting the most hitting position, with 
good representation. In the hitting process, the volume of 
the ball reduces in a short period of time. The pressure and 
volume each time is calculated by Boyle's law.  

The pressure inside the ball and contact reaction, 
inertial forces of the ball is in state of dynamic equilibrium. 
When the volume was reduced to about 120 × 103mm, it is 
the smallest. The pressure inside the sphere is biggest. Ball 
and racket string deformation reached its maximum. The 
moving speed of the ball is reduced to zero, shown in Figure 
4. Then, with the ball moving away from the tennis racket, 
the ball volume increases. Because of racket vibration and 

reaction forces, there are slight fluctuations, oscillations in 
volume. At last, amplitude decay rapidly, and volume 
stabilized. The structural damping of tennis racket and 
strings is 0.2. The structural damping of racket and the 
handle is 0.3. 
 

2211 VP = VP                                      (6) 

 

 
Figure 6. Definition of Incident Angle 

 

 
Figure 7. Force on the Bottom Surface Binding from Three Directions 

 
As illustrated by Figure 7, model on Y-Z plane is 

symmetrical. There is slight fluctuations around zero of Fx, 
approximately 0. The fluctuation and amplitude of Fy is the 
highest. It is the main bending force caused by tennis hitting 
racket. Fz is between with Fx and Fy. In the hitting process, 
the force of Fy is the biggest. To reduce the impact on the 
human body injury, the most important is to reduce Fy. So 
we research the change of Fy. 
 Relationship between Maximum Force Fy and Time at a 
Speed of 45 m/s is shown in Table 2. In the initial, ball 
contacts the racket, and they are subjected to a strong impact 
force. Then, the reaction decreases because of the internal 
structure of string and racquet ball, ending the first cycle of 
vibration at 45ms. Then the second cycle of vibration starts. 
The four graphs show the same fluctuation. 
 The reaction force generated by rotation in 45° is higher 
than 30°. The reaction force generated by flat hit in 45° is 
higher than 30°. So with higher incidence angle of the ball, 
there is the higher reaction force. In practical sports training, 
it is hard to control the incidence angle at 45°. The higher 
incidence angle, there is more need for the athlete. 
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The Continental Grip is the grip most pros use to serve, 
volley, slice, and hit overheads, and this is the grip to use for 
those shots as well. It’s also the grip that pros used “back in 
the day” to hit their forehands, but since the game has 
changed so much, it is no longer considered an acceptable 
tennis forehand grip to use .Technically, the Continental Grip 
is where the heel pad and index knuckle of hitting hand are 
resting on the second bevel of the tennis racket. 

TABLE Ⅱ RELATIONSHIP BETWEEN MAXIMUM FORCE FY AND TIME AT A 
SPEED OF 45 M/S 

Time 
ms 

15° 
flat 
hit 

15° 
tation 

hit 

30° 
flat 
hit 

30° 
otation 

hit 

45° 
flat hit 

45° 
rotatio
n hit 

60° 
flat hit

60° 
rotation 

hit 

0 0 0 0 0 0 0 0 0 

5 230 240 200 200 110 130 100 90 

10 750 650 800 600 850 650 900 700 

15 350 430 400 380 450 430 500 480 

20 150 130 200 80 250 130 300 180 

25 500 600 550 550 600 600 650 650 

30 70 130 120 80 170 130 220 180 

35 450 360 500 310 550 360 600 410 

40 470 600 520 550 570 600 620 650 

45 30 150 80 100 130 150 180 200 

50 250 350 300 300 350 350 400 400 

55 550 650 600 600 650 650 700 700 

60 300 330 350 280 400 330 450 380 

65 250 250 300 200 350 250 400 300 

70 550 450 600 400 650 450 700 500 

75 240 330 290 280 340 330 390 380 

80 70 130 120 80 170 130 220 180 

85 460 470 510 420 560 470 610 520 

90 500 500 550 450 600 500 650 550 

95 90 150 140 100 190 150 240 200 

 
The eastern forehand grip is where the heel pad and 

index knuckle of your hitting hand are resting on the third 
bevel of the tennis racket handle a shot of  holding the 
racket with a eastern forehand grip, and heel pad and index 
knuckle resting on the third bevel of the tennis racket 
handle. A shortcut to finding the tennis eastern forehand 
grip is to hold the tennis racket with non-hitting hand and 
then grip it with hitting hand. If hitting with an eastern grip, 
natural contact height will be about waist high, the lowest of 
the three common forehand grips. Also, if hitting with an 
eastern grip, it will be easier to flatten out and drive the ball 
than it would be with either a semi-western or western 
forehand grip. 

The semi-western forehand grip is where the heel pad 
and index knuckle of your hitting hand are resting on the 
fourth bevel of the tennis racket. A shot of holding the 
racket with a semi-western forehand grip, and heel pad and 
index knuckle resting on the fourth bevel of the tennis 

racket handle. If hitting with a semi-western grip, natural 
contact height will be between waist and your shoulder. 

The western (or full western) forehand grip is where 
the heel pad and index knuckle of hitting hand are resting on 
the fifth bevel of the tennis racket. If hitting with a western 
grip, natural contact height will be high up around shoulder 
level. 

Ball is defined as the ball's flight speed and rotation 
speed of the ball. Standard tennis centroid is in the centre of 
tennis. The flat hitting is forced the tennis centroid to move 
forward. In rotation hitting, a small boundary layer of air is 
formed in sphere surface, rotating around a sphere. There is 
also air resistance to tennis ball. Rotational direction of the 
upper half of the air resistance is in the opposite direction. 
Rotational direction of the lower half of the sphere and the 
air resistance is in the same direction. So the ball falls fast. 

In the research, tennis incidence rate of 10 to 72 m/s is 
chosen; concerning the incidence angle of 15° to 60°and the 
rotational speed of the ball in 0 and 100 rad/s. Table 3 
shows the maximum of Fy. The faster ball hits the racket 
more heavily. It is more difficult to catch the ball. 

The reaction force generated by rotation in 60° is 
highest. The reaction force generated by rotation in 45° is the 
second. And the reaction force generated by rotation in 15°is 
the lowest. The reaction force generated by flat hit in 60 is 
highest. So with higher incidence angle of the ball, there is 
the higher reaction force. In practical sports training, it is 
hard to control the incidence angle at 60. The higher 
incidence angle, there is more need for the athlete. 

TABLE Ⅲ INCIDENT VELOCITY OF THE BALL VERSUS THE REACTION 
FORCE OF THE RACKET 

Incide
nt 

speed 
m/s 

15° 
flat hit

15° 
rotatio
n hit 

30° 
flat hit

30° 
rotatio
n hit 

45° 
flat hit 

45° 
rotatio
n hit 

60° 
flat hit

60° 
rotatio
n hit 

10 0.35 0.42 0.37 0.5 0.38 0.58 0.39 0.63 

20 0.41 0.58 0.43 0.66 0.44 0.74 0.45 0.79 

24 0.45 0.643 0.47 0.723 0.478 0.813 0.488 0.863 

28 0.49 0.706 0.51 0.786 0.516 0.886 0.526 0.936 

32 0.53 0.769 0.55 0.849 0.554 0.959 0.564 1.009 

36 0.57 0.832 0.59 0.912 0.592 1.032 0.602 1.082 

40 0.61 0.895 0.63 0.975 0.63 1.105 0.64 1.155 

44 0.65 0.958 0.67 1.038 0.668 1.178 0.678 1.228 

48 0.69 1.021 0.71 1.101 0.706 1.251 0.716 1.301 

52 0.73 1.084 0.75 1.164 0.744 1.324 0.754 1.374 

56 0.77 1.147 0.79 1.227 0.782 1.397 0.792 1.447 

60 0.81 1.21 0.83 1.29 0.82 1.47 0.83 1.52 

64 0.85 1.273 0.87 1.353 0.858 1.543 0.868 1.593 

68 0.89 1.336 0.91 1.416 0.896 1.616 0.906 1.666 

72 0.93 1.399 0.95 1.479 0.934 1.689 0.944 1.739 

 

Hitting a spinning ball is one of the tennis development 
trends today. 
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IV. CONCLUSIONS 

 This paper has shown that there is a larger reaction 
impact when the player plays from a bigger incident angle. 
In addition, the spin ball has a greater impact than the flat 
ball when the ball is played with the same incident velocity 
in different incident angles. Finally, there is a greater impact 
for a ball from a big incident angle with the same sphericity 
than from a small angle. 
 Track ball swings one of the influence factors to hit flat 
and topspin. Flat track is hit by forward after swing, swing 
line more; and topspin is above the ball forward swing, 
swing track similar to the moon arc, and after hitting fast 
forearm contraction, present the type of car windshield 
wipers swing. Each of the direction of displacement is also 
different. 
 The forehand topspin and hit the links in the process of 
the conjunction of peak speed at which the conjunction of 
all hit peak speed. Topspin wrist have obvious accelerate 
action, flat wrist and hand ball almost in a straight line. 
 Within the limited time of racket contacting the ball, to 
apply greater force to the tennis ball, it is important to 
control the angle of incidence. According to the motion 
mechanics, hitting the lower part of tennis, can increase the 
film surface elevation and add the time of racket contacting 
the ball. It is benefit t control the ball, and spin up tennis, 
enhancing deterrence.  
 Track ball swings one of the influence factors to hit flat 
and topspin. Flat track is hit by forward after swing, swing 
line more; and topspin is above the ball forward swing, 
swing track similar to the moon arc, and after hitting fast 
forearm contraction, present the type of car windshield 
wipers swing. Each of the direction of displacement is also 
different. Large incidence angle, strong rotation and fast ball 
speed are the most lethal three elements of tennis. 
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