
[Type text] [Type text] [Type text] 

 
 
  

 
 

 
 
 

2014 

 

© Trade Science Inc. 
 

ISSN : 0974 - 7435 Volume 10 Issue 7 

BioTechnology 

An Indian Journal
FULL PAPER

BTAIJ, 10(7), 2014 [2010-2016]

Volleyball spiking technique influence factors 
biomechanical model research and application 

 
Zhenguo Zhou 

Military sports department, Changchun University of Science and Technology, 
Changchun 130022, Jilin, (CHINA) 

 

ABSTRACT 
 
Volleyball as a sports event of world concerns, and China has also ranked among world
volleyball powers, so Chinese people are fonder of volleyball. In order to let Chinese
people volleyball level to more effective improve, the paper gets volleyball and athlete
hitting instant each joint speed relations by studying on arms dynamics when volleyball
players spike. Carry out rotational inertia analysis on them, and get athlete each joint
momentum relations, and then use Lagrange equation established constraint particle
dynamical equations to solve that volleyball momentum is up to athlete wrist joint
momentum when hitting, and get when volleyball player spikes, firstly it should let
shoulder joint angle to arrive at minimum value and then let elbow joint and wrist joint
angle to arrive at minimum, and arms crooked degree gets bigger, it is more beneficial to
speed up wrist joint speed so that let small arm angular speed to be larger than big arm
angular speed, let impulse when volleyball is hit to be increased. Therefore, public can
pay more attention to arms exercises when take volleyball exercises. 
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T  point lets 1T  point to generate speed as 13

•→

×εGT , 22

→•

× Rε  is generated speed that 1T point leads 

to 3T  point, GT
•

3 is 3T  point position vector in reference system. 
In order to more clearly describeT ､ 1T  and 3T  points speed relations, for Figure 3 model T  and 

1T  point angle as well as 3T  point position relations, it writes as :
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Then make differential with T point and 1T  point angle,relation with 3T  point position vector can 
be derived from above formula and get : 
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Convert above formula into matrix form as: 
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By matrix property and vector product method, write above formula as: 
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→

Y  is differential relation between current structure node angular displacement and 3T  point 
infinitesimal displacement. Input matrix relationship into above formula and can get: 
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Input it into 3T  point relative speed computational formula and can get: 
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According to rotational inertia theorem, it can get volleyball player overall rotational inertia 
should be: 2

ii HMP Σ=  
Among them, iM  is human body each particle mass, H  is player each particle to axis length, due 

to human body is continuous distributed rigid body, it has: dVHdmHP vv ρ22 ∫∫∫=∫∫∫=  

ρ  is human body density. In spiking Volleyball player used arms rotational tensor cY
↔

is:

dVHHEHY vc )( 2
→→↔↔

−∫∫∫= ρ  

Volleyball player body any pointO  vector expression is 332211
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unit orthogonal curve frame is : ),,;( 321

→→→

EEEC ｡ 

Volleyball player spiking instant arms resultant moment vector is ck
→

Σ , 
→

β  is athlete angular 

speed vector in inertial motion system, angular speed vector is
→

ω , so volleyball athletes spiking instant 
arms rotational tensor moment equation is: →↔→→↔→

•×+•=Σ βωβ ccc YYk  
Player arms moment equation in each coordinate axis direction is projection from original 

moment equation to three-position coordinate system, so player spiking instant arms rotation generated 
resultant moment 1T is: 111 JT •=η  

1η  is spiking arms angular accelerated speed, 1J  is arms rotational inertia. And:
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1j  is big arm radius, 1m  is big arm mass, big arm angular accelerated speed 1η is:
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And then small arm angular accelerated speed 2η is:
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Then by Lagrange equations, establish constraint particle dynamical equation,define Lagrange 
function U  as difference between system kinetic energy J  and potential energyQ : QJU −=  
 

System dynamical equation is: ni
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In above formula iq&  is particle corresponding speed, iq  is particle dynamic energy and potential 
energy coordinate, iF  is the i  coordinate acted force,big arm and small arm as well as coordinate axis 
included angle are respectively 21,εε , lengths are respectively 21, LL ,big arm and small arm gravity 
center position distances with T  point center and 1T  are respectively 1 2,q q ,thereupon it is clear that big 
arm gravity center coordinate ( )11,YX is: 
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Similarly,small arm gravity center coordinate ( )22 ,YX  can also be solved. System kinetic energy 

kE  and system potential energy pE  expression is: 
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By Lagrange system dynamical equation, it obtained T point and 1T  moment hM and kM is: 
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In above formula ijkB is: 
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By above analysis, it is clear that volleyball momentum is up to wrist spiking instant momentum, 

so when volleyball player is spiking, in order to let volleyball get maximum momentum, it should 
increase swinging arms force, so when 21,εε meet oo 9538 21 <+< εε , 210

••

<< εε , 3T  point speed then can get 

maximum value in sagittal plane. And with 1

•

ε and 2

•

ε increase, when volleyball player is spiking, 1L and

2L anatomic angle changing rate arrives at maximum in unit time, and during the period 2L anatomic 
angle changing rate is bigger than 1L  angle changing rate. The principle is that in the instant of spiking 
arms out of hitting instant, 1L and 2L  included angle is almost o180 , force will be transferred along 1L  
axis to 2L ,but due to 1L  and 2L  are connected that causes force loss during transmission process, 
therefore 2L  angular speed bigger than 1L  angular speed is more beneficial to 1T  point acceleration. 
And according to player spiking instant arms dynamical analysis result,it can get when volleyball player 
spikes, it should let T  point angle to first arrive at minimum value and then let 1T and 3T point angles to 
arrive at minimum, and arms crooked degree gets bigger than it will be more beneficial to speed up 3T  
point speed,and further let 2L  angular speed to be larger than 1L  angular speed, which let volleyball hit 
impulse to be increased. 
 

CONCLUSION 
 

The paper gets volleyball and athletes hitting instant each joint speed relations by arms 
dynamical analysis when volleyball player is spiking. Carry out rotational inertia analysis on them, and 
get athlete each joint momentum relations, and then use Lagrange equation established constraint 
particle dynamical equations to solve that volleyball momentum is up to athlete wrist joint momentum 
when hitting, and get when volleyball player spikes, firstly it should let shoulder joint angle to arrive at 
minimum value and then let elbow joint and wrist joint angle to arrive at minimum, and arms crooked 
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degree gets bigger, it is more beneficial to speed up wrist joint speed so that let small arm angular speed 
to be larger than big arm angular speed, let impulse to be increased when volleyball is hit. 
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