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ABSTRACT 
 
Based on volleyball sports serve passing system research, serve the process of using the
differential equation of volleyball and the related principle of fluid mechanics, reveals the
intrinsic principle and put forward better suited for athletes improve their performance, at
the same time through the experiment to verify the scheme of combining theory with
practice is more suitable for the development of volleyball. The study of athletes and
coaches will be the right training program. 
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INTRODUCTION 
 

 As early as one hundred years ago the United States appeared a new sport - volleyball 
movement, with the increase of holding the Olympic Games host country, the importance of sports has 
increased as the, the volleyball is indispensable, therefore in view of the volleyball match degree also 
will increase, to improve the results of the competition, the athletes' physical condition is important, and 
the improvement of technology is more important. 
 There are a lot of scholars in this sport has made the research, such as: qing-hua zhang and others 
for men's crust smash technology are analyzed, put forward the spiking motion can be divided into 
isometric system, on the ground, buffer the three stages, each stage of the time-consuming stage is to 
smash the influence factors of the share, and finally puts forward the ground stage is the impact of the 
main factors. He Ling waiting for volleyball spiking technique made mechanics analysis, training for the 
athletes and coaches in the future provide the basis of the mechanical aspects of the important. 
 In this paper, it is on this basis puts forward the volleyball sports biomechanics research of the 
relativity analysis and kinematics, and connecting with the instance is verified, the study of volleyball 
career will play a positive role in the development. 

 
THE MECHANICS ANALYSIS MODEL OF THE PROCESS OF VOLLEYBALL SERVE 

 
 The movement process of volleyball will be influenced by resistance, friction in the air and 
gravity. If we set v  as the average speed when the volleyball moving forward, ρ as density, η  as the 
coefficient of viscosity of the air, ω  as the angular speed of spin, and r  as radius of the ball, then we 
can get 120v m s−= ⋅ , 0.105r m= , 618.1 10 Pa sμ = × ⋅ , 31.205kg mρ −= ⋅  from experience. And 
according to the definition of the Reynolds number in hydromechanics, we can get: 

 

52Re 2.80 10ruρ
μ

−= = ×
 

(1) 

 
 We use u  as the relative speed between the volleyball to the air, and we can tell that the 
Reynolds number is less than 1 from the form above. Then we can use the Stokes theory to figure out 
the friction in the air against the volleyball as follow: 

 
2

2
c Avf ρ

=
 

(2) 

 
 We use S  as the CAS of the ball, and c  as the coefficient of friction in the form, we make: 

 

2
c Sk ρ

=
 

(3) 

 
 Then: 

 
2f kv=  (4) 

 
 We can get from the form above that the average speed and the friction in the air are in the 
proportional function relationship. The viscidity of the friction in the air made the ball spin in its 
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movement, and that made the pressure difference on both sides of the ball. This made the ball moving 
toward the faster speed side of air flow, and the force is: 

38
3

r vF πρω
=

 
(5) 

 If: 
 

38
3

rG πρω
=

 
(6) 

 
 Then: 

 
F Gv=  (7) 

 
 According to the above, the direction of the volleyball movement will depart to the other side 
because of the existence of the Magnus force. The movement will make an arc, and so there will be 
different arcs when the player impacts the volleyball from different angles. 

 
The analysis to the volleyball movement in using of the differential equation 
 Under the condition of not considering the influence of inner friction, the analysis to the 
volleyball movement in using of the differential equation is as follow: 

 

22 dzM Mg
dt

= , 2duM ku
dt

= − , 
2uM Gu

R
=

 
(8) 

 
 Deal with the forms above, we get: 

 

2

du k dt
u M

= −∫ ∫  
(9) 

 

1
1 k t C
v M

− = − +
 

(10) 

 
 Substitute 0t =  and 0u u=  into the form above, then: 

 

1
0

1C
u

= −
 

(11) 

 
 In that we have: 

 

0

0

Muv
M ku t

=
+  

(12) 

 
 And because of: 

 
ds udt=  

 
 Then: 
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 If we take ds ds dt dtR v
d dt d dθ θ θ

= = =  substitute into d G
dt M
θ
= , then: 

 

0 0

t G Gd dt t
M M

θ
θ θ= = =∫ ∫  

(14) 
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(15) 

 

0

0

sin siny
Mu Gu u t

M ku t M
θ= =

+  
(16) 

 
 Because M  is larger than 0ku t , we can first ignore it, thus: 

 

0 cosx
Gu u t
M

=
 

(17) 

 

0 siny
Gu u t
M

=
 

(18) 

 
 So: 

 

0
00

cos sin
t

x
MuG Gx u dt u tdt t

M G M
= = =∫ ∫  

(19) 

 

0
00
sin (1 cos )

t

y
MuG Gy u dt u tdt t

M G M
= = = −∫ ∫  

(20) 

 
 In the motor process of the volleyball, if there is only the horizontal velocity vertical not with 
velocity, after integrating the last equation, we have got: 

 
2

2
gtz =

 
(21) 

 
 From the above discussion we can know that the key point of the research is to get the 
relationship between the movement distance and the horizontal direction of the volleyball. We can 
ignore the velocity in the vertical direction when the volleyball is hit and just think about the relative 
situation in the horizontal direction. It will make the operation simpler. When the t  is eliminated, we 
have got: 

 
2 2

0 0

( ) (1 ) 1G Gx y
Mu Mu

+ − =
 

(22) 
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2 202 0Muy y x
G

− + =
 

(23) 

 
 This equation is the formula of the volleyball’s movement. 

 
The analysis of the movement situation in the horizontal directionFrom the above formula we can 
get: 

 

2 20 0( )Mu Muy x
G G

= − −
 

(24) 

 
 Due to the experience we know 0.27M kg= , 38 / 3 0.11686G r Nπρω ω= = , if we substitute the 
constant into the above two equation, we can get the relation between the vertical and horizontal 
direction: 

 

2 20 023.1 (23.1 )u uy x
ω ω

= − −
 

(25) 

 
 This is the formula of the movement when the volleyball is in rotation. From this we can know, 
there is some relationship between the drift distance in the horizontal direction and the correlation index 
of the air friction. The larger the number is, the greater the effect of the air friction is so that the slower 
the velocity of the volleyball is. But it will increase the displacement in the horizontal direction. Besides 
it also have certain relationship with the air density. 
 

THE MECHANICAL MODEL IN THE PROCESS OF THE VOLLEYBALL SPIKING 
 

 From the take-off of the volleyball player, if he keeps the time short enough he can get the max 
height, because of the inverse proportion between h and buffer time 1t . For the volleyball player, if more 
buffer time is spent in the take-off, more recovery time of muscle will be cost, which will influence the 
effect of the take-off. 
 In the process of pedal, the relationship between the height h and the pedal of take-off 2t  is also 
in inverse proportion, which shows the time spent in the take-off should not be so long. Besides, there is 
the time of volleyball’s ball control 3t , the time of double- foot support 4t , the time of the right-foot pedal 
t and so on. Other relative parameters are shown in TABLE 1: 

 
TABLE 1 : The parameter table of the height of volleyball jump spike and time-consuming 

 
 
 1t  2t  3t  4t  t  

r  0.70−  0.60−  0.40−  0.38−  0.75−  
p  0.02<  0.05<  0.04>  0.04<  0.05<  

 
 In order to analyze the relationship between velocity and center of gravity, we study the height of 
center of gravity h  and the parameter of the relative velocity. The relative parameter is shown in 
TABLE 2: 
 

TABLE 2 : The relevant coefficient tables of the vertical velocity parameter of body center of gravity and H 
 

 Strike the ground Minimum center Both feet off the The loss of The loss ratio of 
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on right foot of gravity ground horizontal velocity horizontal velocity 
x s±  2.50 0.80±  1.70 0.60±  0.56 0.29±  2.00 0.71±  0.85 0.05±  
r  0.60( 0.02)P <  0.50( 0.03)P >  0.77( 0.02)P− <  0.83( 0.02)P <  0.85( 0.02)P <  

 
 TABLE 2 shows the relationship between the volleyball player’s center of gravity and velocity. 
From that we can know the volleyball player’s center of gravity and the horizontal velocity when the 
player strike the ground on right foot is in a moderate relationship, which is negative correlated with the 
horizontal velocity when both feet off the ground, and is positive correlated with the loss ratio of 
horizontal velocity. So this shows if the larger the lower limbs’ buffer speed is, the more the loss of 
horizontal velocity is, and the bigger the motivation of the player is. This is caused by the large approach 
speed which makes the player jump higher. 
 TABLE 3 shows the relevant coefficient tables between the height of player’s center of gravity 
and the vertical velocity: 
 

TABLE 3 : The relevant coefficient tables of the vertical velocity parameter of body center of gravity 
 

 Strike the ground on 
right foot 

Minimum center 
of gravity 

Both feet off the 
ground 

The loss of 
horizontal velocity 

The loss ratio of 
horizontal velocity 

x s±  0.60 0.25− ±  0.45 0.20±  2.98 0.15±  0.90 0.18±  1.25 0.30±  
r  0.15( 0.03)P− >  0.14( 0.03)P >  0.80( 0.01)P <  0.13( 0.03)P >  0.38( 0.03)P >  

 
 From TABLE 3 we can see the height of player’s center of gravity and the vertical velocity is not 
in a functional relation but a relationship of correlation. The material point of the player when he is 
moving includes thermal energy, chemical energy and so on, not just the mechanical energy. So they are 
not in a functional relation. 
 

THE ANALYSIS OF THE ROTATION PROBLEM IN THE VOLLEYBALL’S MOVEMENT 
 
 We choose 20 volleyball players as the research target. There are 10 in the control group and 10 
in the experimental group. The arrival rate will be in management when each group gets10 side spins 
balls. This is shown in TABLE 4: 
 

TABLE 4 : the Statistical tables of the control group and the experimental group 
 

Number of times 1 2 3 4 5 6 7 8 9 10 
The arrival number of the experimental group 8  9  9  10  7  8  10  9  6  7  
The arrival number of the control group 7  6  4 5  8  7  4  5  4 8  

 
 After the calculation process, we get the following TABLE 5: 
 

TABLE 5 : computation sheet 
 

group The experimental group The control group 

number 1x  1
1x  2x  2

2x  

 

8 78 7 30 
7 64 8 18 
6 51 5 52 
9 69 3 67 
9 80 4 10 
9 75 6 15 
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10 84 7 18 
7 52 5 24 
8 56 6 17 
7 40 5 31 

∑  78 637 48 265 

 
 Assuming the overall standard deviation is the same when the player is in the process of 
receiving the volleyball, then we take 0.05a =  as inspection, considering that the total amount is small, 
therefore, this paper applied t  distribution to validate, its formula is: 

1 2| |
1 1
1 2

x xt
ec

n n

−
=

+
 

(26) 

 
 In this function 
 

2 2
1 22 2

1 2

( ) ( ) 6400 2500654 272 14 221 2 10 10 2 1.414
1 2 2 10 10 2 18

x x
x x

n nec
n n

− + − − + − +
= = = = ≈

+ − + −

∑ ∑∑ ∑
 

 
 Because: 
 

1 8x = , 2 5x =  
 

1 2| | | 8 5| 3.15
1 1 1 11.414
1 2 10 10

x xt
ec

n n

− −
= = ≈

+ × +
 

 
 Through the theory of probability and mathematical statistics in the t distribution of the 
probability of the table, we can know that: when 18dt = , then 
 

0.05 (18) 2.102t =  
 

0.053.15 (18) 2.102t t= > =  
 
 So that we can get the result of test t, that is: 0.05P < , through the above data we know that the 
obvious differences between the control group and experimental group. 
 
THE ANALYSIS OF THE LOITERS PHENOMENON IN THE PROCESS OF VOLLEYBALL 

GAMES 
 
 In the process of volleyball sport, the feet will separated from the ground after the athletes 
jumping, which will be effected by the gravity and the resistance of the air, but because the air resistance 
is fairly small, so it will not be considered. According to the oblique projectile motion principle, the 
height will be determined by the speed of the vertical direction in the process of players jumping and the 
velocity in horizontal direction is determined by the initial state. 
 This article chooses six athletes to analyzes, first these players mastered the action of three 
standards through training, and all of parameters of the six athletes are shown in TABLE 6 below: 
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TABLE 6 : the basic situation of the object 

 
Age Height (m) Weight (kg) High of the approachable touching (m) Main project of Sport years 

23.1 2.5±  1.90 0.05±  77.4 4.51±  3.24 0.20±  8.5 2.86±  
 
 One of the three standard of the action is jumping with arm swinging, then straight the legs, the 
other is maximum vertical jump, after which they smash, thirdly, the players swing arms continuously in 
the process of jumping. Three types of actions are to be carried out under the condition of no. 4 position 
of run-up training. Then we analyze the speed performances of the six athletes and get the following 
TABLE 7: 

 
TABLE 7 : The analysis of variance of three types of jumping action of gravity vertical speed 

 
Source  sum of squares variance Variation of the mean square F numbers P 
 inter-group 1.56  4  0.68  35.00  0.02<  
Intra-group 0.31  11 0.03    
total 1.87  15     

 
 Through the above-TABLE 7 is not hard to find, due to the different styles of the athletes' 
takeoff, so there are significant differences between the three actions in the vertical direction. In 
addition, we can have more experience by comparing the average, which are shown in TABLE 8 below: 
 

TABLE 8 : the comparison of the average vertical velocity of three jump action 
 

antithesis Q numbers span P 
group1:group 3 3.61 3  0.04>  
group 1:group 2 12.12  4  0.02<  
group 3:group 2 8.41 3  0.02<  

 
 By the above-mentioned TABLE 8, It can be seen that there is no significant difference between 
the first and second movement, and the third movement is of great different comparing with the other 
two terms, this is because the hand waving obviously is able to increase the accelerated velocity in the 
process of upward leaping when the athlete jump upward, so it makes the whole body velocity increases 
instantaneously. The analysis of the horizontal speed for the above three kinds of actions are the 
following TABLE 9: 
 

TABLE 9 : the analysis of variance of three types of jumping action of horizontal speed 
 

Source sum of squares variance Variation of the mean square F numbers P 
 inter-group 0.32  3  0.15  1.34  0.03>  
Intra-group 2.14  12  0.12    
total 2.46  15     

  
 Through the above-mentioned 9 is not hard to find that there is no significant difference between 
the three movements in horizontal direction, so that three different kinds of actions have no effect on 
horizontal speed. 
 In order to distinguish the circumstances of the influence of the speed of the horizontal and 
vertical direction when they are in duration, in this paper, the analysis and research of that is divided into 
two groups, we can get TABLE 10 after dealing with the data. 
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TABLE 10 : The average comparison of horizontal and vertical velocity of Duration 
 

Speed  In Duration Out Duration T number P 
horizontal 180.26 36.14±  170.58 27.56±  0.35  0.04>  
vertical 360.17 20.36±  360.21 15.04±  0.31  0.04>  

 
 It is can be seen from the TABLE 10 that either in vertical direction and horizontal direction of 
the speed has few effects on the duration. 
 

CONCLUSION 
 
  (1) we can prove that teaching is one of the effective ways to improve the volleyball pass rate 
combined with theory and practice by applying the contrast experiment, which need specific training 
and the analysis of the theory, Only through the combination of theory and practice can make process of 
servicing and receiving of the rotation volleyball achieve its greatest potential. 
 (2) in terms of the knee Angle changes of players in duration, because 0.05p <  hence its center 
of gravity to jump and the time height has few relationships, it does not mean that the higher they jump, 
the better the duration degrees is, but rather to see the contraction of joints and the cooperation with the 
arms, etc. Therefore we obtained that the technology of the duration is mainly influenced by the 
flexibility, strength, cooperation. 
 In the light of exhaust the kinematics analysis, we put forward that the lateral drift distance of the 
volleyball is related to the correlation coefficient of air resistance, the greater its value, the bigger the 
role of the resistance of the air, so that it makes the volleyball movement become slower, but it will 
increase the displacement of the horizontal movement, in addition there is also a connection with the 
density of air. 
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