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ABSTRACT

Spiking accounts for very large proportion in modern volleyball
competitiveness, it also can mostly reflect one team’s strength. The paper
applies mechanical knowledge, mainly analyzes volleyball spiking
technique, makes analysis of volleyball spiking moment takeoff, hitting
and other motions, and utilizes moment of momentum theorem to research
on volleyball spiking technigue some rules with an aim to normalize
volleyball spiking technique. The paper gets that twist spiking is when
athlete takes off and hits, spiking by changing upper body facing direction;
when athlete takes off, it should enlarge athlete himself rotational angular
speed, let legs arrive at straight, gravity center and body rotational axis
come to terms so that can reduce rotational inertia, and then it further
achieves the efficiency of increasing rotational angular speed, and at the
same time of taking off, twisting upper body can also continue to increase
self-rotational angular speed, let contact ball more rapid. When athlete
takes off and arrives at top point, athlete should try to adjust body stability
and let rotational angular speed reduce as much as possible, at this time,
athlete should lift two legs backward, and let gravity center to befar away
from rotational axis. Then arrive at stable contacting ball state. By
establishing geometric model, it concludes that when athlete spikes, he
should try to manage to stretch armsto right ahead and remain vertical to
hitting point, athl ete take-off height getshigher, and ball over net probability
would belarger; by ball located hitting point height differences, presented
over net trgjectory and landing point are also different.
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INTRODUCTION

In previousforeignvolleybal competitions, volley-
bal playsanimportant role; inthe beginning of 80s,
therewerelotsof excellent scholarsmaderesearch on
volleybdl inforeign countries, especidly focused onvol-
leyball technique, after entering into 90s, used three-

dimensional high speed photograph technology and
computer technology combinationthat let volleyba | get
better researching and devel oping.

Take Chinese men’s volleyball as an example, in
80s, they had ever won thefifthin thefifthworld cup,
but with therising of devel opment countries, our coun-
try volleyball level gradually fell behind. In 90s, Chi-
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nesemen’s volleyball entered into fast accelerated era,
they got good resultsaswinning thechampionsinAgan
championshipin 1997 and theAsian Gamesin 1998,
but by our country’s some scholars and experts analyz-
ing, our country volleyball level still kept great paces
with devel oped countriesby comparing.

Spiking belongsto volleyball basic techniques,
whichisasovolleybdl stronger aggressive segment.
Accordingto hitting point vertical heightsdifferences,
the paper classifies(2.6, 2.7, 2.8, 2.9, 3.0, 3.1)six dif-
ferent heightsphasesto analyze. And according to ath-
lete spiking rleaseangleisnot in 90°vertical incidence,
and ball dsodoesnot vertical enter into opponent field
such phenomenon, researchesthat spikingiscertain
anglehitting, bal obliquehittingand faling to opponent
field position’s differences. Make mechanical analysis
of spiking isto build good foundation for futureteach-
ingandtraining.

VOLLEYBALL BIOMECHANICAL GEO-
METRIC MODEL ESTABLISHMENTS

M oment of momentum theorem

Apply mechanical conservation law into solving
problems, at first it should select reasonableresearch
objects, and make correct forceanalysis of researched
objects, thenextisonthebasisof forceandysis, refer
to conservation law to check problems, andfinally ac-
cording to consarvationlaw, establish equationand solve
problems.

Set| isonerigid body rotationa inertia, suffered
torque\ effects, from which angular accelerated

speed 3 isconstant, therigid body at time t, angular

speadisw, , therigidbody at timet, angular speedisw, ,
and get:

M=1pg=12"%
2 _tl
Transformand get:
M (tz _tl) =1 (602 _a)l)
WhenM = M (t),ithas:
M (t)(tz _tl) =1 (wz _a)l)
It getsmoment of momentum formula, fromwhich
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M (t,—t,) isimpulsive moment, | ¢ ismoment of

momentum, fromformula, itisclear that rigid body im-
pulsive moment variable quantity and moment of mo-
mentum variablequantity areequdl.

Inmoment of momentum theorem, timeand torque
product isequal toimpulsive moment that represents
object rotationa accumulation effect under external
forcemoment influences. Angular speed and rotetiona
inertiaproduct isrigid body statewhen rotating. With
external force moment increases and acting timeen-
larges, rigid body rotationd state changesare changing
accordingly.

When human body moves, human body generated
rotationd inertid ischanging, duetorotationa variables
changes, different timesrotationd inertiasaredifferent,

set t, timerotationa inertiaisl,, t, timerotationa in-
ertiaisl,, therefore, aboveformulacan berevisedinto:
MO, -t) =1,0,—1,0)

Human body basic movement rulesmainly islength-
wiserdativemovement, itsinitia condition should mest:

lo=0,>MIt=0
Now it entersinto soaring phase, assume human

body mests.
o, +1,0,=0

Besides, it should also meet human body sur-
round |, @, torotate, thenthekind of movement formis
lengthwiserel aive movement, in spiking process, solve
the sum of human body moment of momentum’s vec-
torsisO, according to correlation law, we get that hu-
man body will suffer ball acted areactionforcethat let
peopl e produce moment of momentum, so that reduce
spiking process strength sizesand it isbad for spiking
stability, but if the spiking process, dueto body each
part suffered active force effects, which causesrota-
tiond inertiaincrease, it will further produce an advanc-
ing moment of momentum effects; according to energy
conservation law, weknow that human body alsowill
produce areverse activeforce effectsat thistime, so
that let human body move relative to ball, based on
whichitincreasesarms swinging distanceand concen-
trateson wholebody strength to hit theball.

Inthewholehitting process, eachlimbwill produce
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oppositedirection but equa szetorque, and every pair
can offset, when athletelands, solepart fast landing to
support wholebody, meanwhileit will occur to con-
tract abdomen, bend kneesand othersto buffer reduc-
tion strength and make preparation for next motions.

Air angular speed changes, in casemoment of mo-
mentum remainsunchanged, rotationa inertid will re-
ducewithangular speedincreases, when athlete springs
and soars, athlete himsalf can further control rotational
angular speed by changing self-rotationd inertia.

Twig soikingiswhen ahletetakesoff and hits, soik-
ing by changing upper body facing direction; when ath-
letetakesoff, it should enlargeathl ete himsdlf rotationa
angular speed, let legsarriveat straight, gravity center
and body rotationa axiscometotermssothat canre-
ducerotationd inertia, and thenit further achievesthe
efficiency of increasng rotationa angular speed, and a
the sametime of taking off, twisting upper body can
a so continueto increase sdlf-rotational angular speed,
let contact ball morerapid.

When athletetakes off and arrivesat top point, ath-
leteshould try to adjust body stability and | et rotational
angular speed reduceasmuch aspossible, at thistime,
athlete should lift two legs backward, and let gravity
center to befar away fromrotational axis. Thenarrive
at stable contacting ball state.

Hittinginstant armsrotational inertiacalculation

The paper appliesLagrange equation to establish
restricted particle dynamica equation, define Lagrange
function |_ asdifference between system kinetic en-
ergy K and potential energy p :

L=K-P
Systemdynamica equationis:

&

Inaboveformulag; iscorresponding speed, g; is

dynamic energy and potential energy coordinate, F, is
the i coordinateacted force, thigh and shank included
angles with coordinate axis are respectively 4,0, ,
lengthsarerespectivelyl,, |, , Armsfront part and arms
post part gravity center position distanceswith elbow
joint center and knee joint are respectively p,, p,

thereforeit is clear that arms gravity center coordi-
nate(X,,Y,)is

X{=p;Sn6; Y;=p,C0s6,;
X,=1,8n0;+p,sin(6;+0,) Y, =-I,cos6, —p,cos(6; +6,)
Similarly, aamsgravity center coordi nate(x 9 Yz) can
also besolved. Sysem dynamicenergy E, andsystem

potential energy E, expressionsare:

1 .
Ey =B +Eyp. B = Emlpfef
<Ekz=5m2|§ef+5m2p§(91+92) +ml,p, (62, +6,9, )cose,

1
E, =Ep+Ey Ep = Emlgpl(l—cosel)

(Epz = m,op,[1—cos(6, +6, )]+ ngll(l— cosel)

Writeaboveformulainto Lagrangefunction expres-
sion, by Lagrange system dynamical equation, it can

get hipjoint and kneejoint torques M, and M, as:

ke el ol les ol dte]
MJ [By Bo] 6] [Bn Dpl & [Bp Dajod] D
Inaboveformula, Dy, isasfollowingresuit:
D,,=0 D,,=0 D, =0
D, =m,p;
D,, =mp} +m,p’ +mJl] +2myl, p, cosé,
D, =m,p,+ml p,cosf, D, =m,p;+mlp,cosé,
D, =(mp,+my,)gsing, + m,p,gsin(6,+6,)
D,, =—mJl,p,siné,
D,, =ml,p,siné,
D,,, =—2mJl,p,siné,
D,,=D,,+D,;
D, =m,p,gsin(6, +6,)
Combinewith theoretica equation, analyzewhen
volleybd | players spike, hand joint mechanical move-

ment combineswith shoul der joint, € bow joint mechani-
cd anaysesto research onvolleyball spikingtechnique.

Geometric mode establishment
(1) Spikingtrajectory and hittingdrop point under
s LBioTechnology
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geometric model
Accordingtogeometric principle, it establishesvol-

leybdl spikingmodd, accordingto high hitting and low

hitting differences, it getsball trg ectory graph and hit-
ting drop point position, asFigure 1 shows.
When athlete spikes, he should try to manageto

Figure1: High hitting and low hitting differencesobtained ball trajectory

dretch armsto right ahead and remainvertical to hitting
point, athletetake-off height getshigher, and ball over
net probability would belarger; with ball located hitting
point height differences, presented over net trgjectory
and landing point are also different, thereforeit gets

long ball and short ball; according to hitting point verti-
ca heightsdifferences, thepaper classifiessix different
heights phasesthat are respectively(2.6, 2.7, 2.8, 2.9,
3.0,3.1).Andit getsTABLE 1 accordingto hitting point
to net vertical distancedifferences.

TABLE 1: Ball fliesacrosslowest net point’slanding point data

Vertical height/H 26 2.7 2.8 29 3.0 31
Hitting point and net distance 0.75m 17.23 9.07 6.15 4.65 3.74 312
Hitting point and net distance 0.5m 10.55 6.05 4.10 3.10 249 2.08
Hitting point and net distance 0.25m 5.78 3.02 2.05 1.55 1.25 1.04

By TABLE 1, itisclear that athlete hitting points
positionsdifferences can cause spiking over lowest net
point positionsdifferencesand hitting point to net dis-
tancesdifferences, volleybdl landing pointsared so dif-
ferent.

(2) Low dropping ball’sspiking trajectory and hit-
ting drop point improvement under geometric
model

Similarly, asFgure 2 show, the paper accordingto

hitting point vertical heightsdifferences; it classfiessix
different heights phasesthat arerespectively(2.6, 2.7,
2.8,2.9,3.0, 3.1), and according to hitting point to net
vertical distancesdifferencesand get TABLE 2.

By TABLE 2and Figure 2, itisclear that shorten
hitting point to net vertical distance 0.1m, which can
clearly gettolow hitting, though only shorten hitting point
tonet 0.1mverticd distance, bal hitting drop point po-
stionshavegreat differences. Hitting drop point in op-
ponent areaoccursto great changes.

Figure2: Low droppingball spikingtrajectory under geometric model
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TABLE 2: After shortening hitting point to vertical net 0.1m ball flying acr osslowest net point landing point data

Vertical height/H 2.6 2.7 2.8 29 3.0 31

Hitting point and net distance 0.75m 85.16 41.01 16.73 10.45 7.6 6.15

Hitting point and net distance 0.5m 9.32 4.89 3.68 2.48 1.98 1.87

Hitting point and net distance 0.25m 10.66 6.49 4.09 3.15 2.48 2.08
(3Changehittingangle 0.5m, when athlete hits, deflectsrightward 45 tore-

Spikingrdesseangleisnotingg: vertica incidence,  |ease and hit, and get hitting point to drop point dis-
and ball asonot vertical entersinto opponent field, gen-  tance Sis:
erdly spesking, whenahletehitting, itwill hittingatcer- o5 05
tain angles, and obliquehit ball downto opponent field. _@:W

Set hitting point and field edgeverticd distanceis 2

=0.7072m

.l'| )’1‘ - "’
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Figure3: Anglechangeshittingdrop point schematic
TABLE 3: 6different hitting pointsover net lowest point drop point data

Drop point coor dinate Drop point coordinate

Angle Vertical angle 45 X 30° X

) )

11.15 11.45
2.65m 10.45m 16.52m 13.56m

11.15 6.24

6.05 6.02
2.75m 6.04m 8.54m 6.98m

6.05 3.476

412 4.08
2.85m 4.2m 5.6m 4.75m

412 2.356

3.25 3.08
2.95m 3.15m 4.37m 3.64m

3.25 1.86

2.18 248
3.05m 2.49m 3.52m 2.89m

2.18 1.42

1.95 2.05
3.15m 2.11m 2.98m 2.41m

1.95 147
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Similarly when deflectionangleis 3¢°, it getshitting
point to dropping point distance Sis:

05 05

S=— =——
cos30 \/_%

AsFigure 3 show:

According to Figure 3, it gets datato analyze as
TABLE3.

By TABLE 3, it isclear that diagonal spikingin-
creaseshd | landing flight distance, but meanwhileit aso
increasesball over net distance. It may have connec-
tionswith environment in competition that can make
reasonabl e spiking to opponent field.

=0.574m

CONCLUSIONS

The paper appliesmechanical knowledge, mainly
analyzesvolleybal spikingtechnique, makesanaysis
of volleyball spiking moment takeoff, hitting and other
moations, and utilizesmoment of momentumtheoremto
research onvolleybd | spikingtechniquesomeruleswith
anaimto normalizevolleyball spiking technique. By
establishing geometric model, it concludesthat when
athlete spikes, he should try to manageto stretcharms
to right ahead and remain vertical to hitting point, ath-
letetake-off height getshigher, and ball over net prob-
ability would belarger; by ball located hitting point height
differences, presented over net trgjectory and landing
point area so different, therefore according to hitting
point vertical heightsdifferences, the paper classifies
(2.6,2.7,2.8,2.9, 3.0, 3.1)six different heights phases
toanayze. And accordingto athletespikingre easeangle
isnot in 90°vertical incidence, and ball also does not

BioTechnology —

vertical enter into opponent field such phenomenon,
researchesthat spikingiscertain anglehitting, bal ob-
liquehitting and faling to opponent field position’s dif-
ferences. Spiking belongsto volleybd| basictechnique,
andisasovolleyball sronger aggressvesegment. Make
mechanica anaysisof spiking isto build good founda
tionfor future researching and making high efficiency
competition strategic depl oyment.
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