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ABSTRACT

The paper carries through force analysis to the athlete during the entire
sprint process, and the whol e processisdivided into four phases. Studying
how to match the step frequency and stride length in 100 meters is
important factor in restricting the achievements; according to the
appropriate step length and stride frequency it derives a computational
model. For each 100m athlete one can get the best step length and stride
frequency in the 100m way running according to the formulato achieve
the best results. It uses correlation degree analysis method of the gray
control systems theory to conduct quantitative analysis and research on
improvement factors of the sprint performance, explorestheinterrelation
between the sprint performanceswith variousfactors, findsout itsinternal
relations, scientific |aws and methodsto improve sprinter results, and has
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guiding significance on the future teaching, science and training.
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INTRODUCTION

Speed congtitutesthe basisfor the devel opment of
athletics, meanwhilealso isthe foundation of various
sports development. Strengthening the student’s sprint
technique can not only improvethestudents’ interestin
learning, but a so can make them cgpabl ewhen engaged
inother sports. Sprint istofinishthemaximumintensity
work when human motion organsand offa syssemare
intheextreme hypoxiacondition, and belongsto lim-
ited movement; sprint istypica sportswhoseenergyis
mainly based on anaerobic metabolism.

The paper first carriesthrough forceanaysistothe
athlete during the entire sprint process, and thewhole

processisdividedinto four phases. Studying how to
meatch the step frequency and sridelengthin 100 meters
iIsimportant factor in restricting the achievements; ac-
cording to the appropriate step length, stridefrequency
it derivesacomputationa modd. Innovations: usng cor-
relation degree analysis of the gray control systems
theory, exploring theinterrel ation between the sprint
performanceswith variousfactors, and finding out its
internal relationsand scientific lawsand methodsto
Improvesprinter results.

MODEL ASSUMES

Supposethat athletes suffer the same outsideinflu-
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ence. Supposethat inthe modeling process, athl etes
will not appear unwell. Supposethat athletes have no
psychologica factorsduring thegame.

SYMBOL DESCRIPTION

Seplengthx ; Airresstance s ; Sridefrequency y ;
Thebody weight of athletesm ; Joinforcer | ;
Back kickingangle s ; Theindlination angleof the

sarting blocksg ; Flight angle °; Theinitia velocity
when starting aracev, ; Jumping speed v ; The hori-
zonta distanceintheflight phase g ; Maximum speed
G ; Thefriction coefficient of thefoot withthe starting
blocks 1, ; Accelerationtime t ; Thehorizontal displace-
ment of the body center of gravity inthe back kicking
stage A ; Instantaneous speedV, ; The distance from

body center of gravity to the support pointswhen back
kicking stagefinishes H .

MODEL BUILDINGAND SOLVING

The sprint mechanics model (starting of a race
phase)

Theaccel eration when starting arace: When start-
ing arace, conduct forceanaysisof thebody fromthe
starting blocks, and obtai n the maximum accel eration
at start of arace. Supposethat the athlete’sbody wei ght
ism, thefriction coefficient of thefoot with thestarting

blocksis , , theinclination angleof thestarting blocks
isg,andthejoinforceisF; ,asshowninFigurel:

F; =mgsiné + umg cosé cosd ,
a=g-siné+ ug-cos’ o

A '

HiF

T~

Tk

Figurel: Forceanalysisof human body when startingarace

Theinclination angle of the starting blocksisre-
lated with persond habits. Generdly theindinaionangle
of thefront garting blocksiszg- , andtheindinaionangle
of the back starting blocksisgs: . Theaccel eration of
thefront starting blocksisa, = 4.9+7.35, . Theaccelera-
tion of theback starting blocksa, = 6.86+2.45u

Theaccelerated timewhen starting arace: For dif-
ferent starting ways, thetimeto achievethe maximum
speedisadsodifferent. Wefind from theliterature that
whentheset dateof startingblocksisthelong-form7q°,
theforcetimeisthelongest; thetimeto achievethe
maximum speed is a so the maximum, shown asin
TABLE 1.

TABLE 1: Thetimeneeded to achievethebiggest forcefor
thefront and back starting blocks(ms)

Starting way The back The front
starting blocks starting blocks

§88”‘f°rm 64.7 97
g"o‘gdi um-from 80.7 116
gggg'form 83.7 172.3
gggrt'form 89.3 127.3
M edium-from 737 1003
gggg'form 62.3 172.7
fggrt'form 817 1147
%%di um-from 116.7 249
;ggg'form 108 241.3

To achievethe maximum starting peed, wechoose
thelong-form 7o starting way. Theacce erationtime of
theback starting blocksis0.108s, and the acceleration
timeof thefront starting blocksis0.241s.

Theinitia speed of at the start of arace:

Vv, =a-t =11.76t + 9.8ut @
Formula 1 shows the instantaneous speed when
leaving thestarting blocks.

Inthesprint process, thereisaccelerationratio 'y,
maximum speed G , acceleration timet , and instant

speedV, . During thewhole process athl etes suffer the
influenceof air resistance g , asshowninTABLE 1

BioTechnology —

Hn Tudian Jounual



BTAIJ, 8(10) 2013

Shuxian Yi

1321

————, FyurrL PAPER

Yy
(%)
L00 -
80 7

sol /

|/

a0}/

R

0 1 2 3 4 8§ s
Figure 2 : The relationship of acceleration time and
acceler ation proportional

TABLE 2: Accderation proportion and time

Time Accelera_non Relevant factors
proportion
The second starting technique
75-80
seconds and muscles
Thethird starting technique
87-90
second and muscles
The fourth starting technique
93-96 -
second and gtride frequency
Thefifth starting technique
98-100 >
second and stride frequency
and Figure2.
Instant speed:
t.G
V L= G = !
v == =0 84861, +0.8324 @
Airresstance
F = —cpsv’ =-0.288v° ©)
Theacceleration produced by theair resistance:
F —0.288v?
a= _—=— " @
m m

Thesprint mechanicsmodel (back kicking stage)
Horizontal displacement of the body center of gravity
inback kicking stage:
A - A=HcosB 5)
H isthedistancefromthebody center of gravity tothe
support pointsafter finishing the back kicking stage:
S 1s the back kicking angle: =59.7"cospg=05;
A=05H =t,
According to formula(2), the speed when finish the
back kicking stage:
v - t,G _ 0.5HG

U T 0.8486t, +0.8324  0.4243H +0.8324 ©)

Thehorizonta acceerationof 0-t, :

Vi +V, V. +(gsin@+pgcos’ O)t

ati = t. = t (7)

Since pedal ground angle when starting of arace
isg, then acceleration ability a, alongtheangle g of
the body center of gravity is:

a,
cos0

®

aD

Then:

a, =apsna (9)
Intheformula ¢ istheangle betweentheground

and theligature of body center to the contact point af-

ter landing onthe ground. But, peda against theground

don not start from e , but beginsat the 1/2 of the back

kicking stage. So inthefirst haf of the pedal stageit
movesforward by inertial force, that isto say pedal

from 70° andendat ¢ , withinthisrangeitiscontinu-
ouspedd. Thus:

a, = L‘ % sinda = 180°a, x(cosa—cos70°) (10)

(70° —a)xw/180° (70" —a)m

Body running isastep-by-step acceleration pro-
cess, so maximum speed islimited by the speed legs
kicking on the ground. But why pedal speed getinthe
way running isgreater than the pedal speed when start-
ing? Thisisbecause starting running beginsfrom leav-
ing therun-up, and the acceleration at thistimeisthe
largest. Theaccel eration getssmaller and smaller with
timeincreasing. Accordingto F = ma thepedadingforce
requiredisgetting smaler and smdler withtimeincress:
ing. Sothat, theload given ontheskeletd musclewhen
contractionissmall. According to skeletdl muscleforce-
ve ocity reationship showninfigure 3, whentheloadis
small, muscle contraction speed isfast. Sointheway
running pedal speed isgreater than the starting speed.
In order to obtain maximum speed, there must ex-
Vmax

\ PD
burden

Figure3: Skeletal musclefor ce- velocity relationship
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ista =G. Thepedd accderationinway runningis.

a, =Gx !
t o
cogarcsin 180(?2;?’ C;): ) (11)

Thevertical acceleration inintermediate running
stage:
. 180(cosa—cos70°)

a, =a, sin -
(70° —a)

(12)

H cos|
v, =a,x1L7Gx °G B (13)

Thesprint mechanicsmode (flight stage)
he flight stage is a parabolic movement, according
tov, 0G thefollowingisavailable:
Hightangle
v, Sin90°

Yy
G+ vy cos90°

Flight speed:
v=,vi+G?

Thehorizontal distanceof theflight phase:

0 Vy
a’ =arctan = arctan—>

(14)

(15)

vZsin 20
g

B (16)

Thesprint mechanicsmodd (landing buffer phase)

Thelonger thisstageis, namely thegreater thedis-
tance from thelanding point to the projection of body
center, the greater the step length becomes. However,
if theprotrusionistoofar, it will resultintheformation
of front landing, form resistance and result in perfor-
mance declining. Only under the premise of nolossof
stridelength and vel ocity, it isdesirableto consider the
front pedd distance.

Generdly thefront kicking distanceisonefoot long.
Supposefoot lengthisC, onthebasisof theca culation
of the abovethree stages, step length of sprint should
be: x=a+B+C

Stridefrequency inintermediaterunning stageis:

y=—

X
By thederivation of theabove ca culations, wecan
concludethat: the step length and stride frequency of
sprint isnot random combinations, but determined by
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thefoot length, the highest horizontal speed and dis-
tancefrom the body center to the support pointswhen
finishing thepedd stage. For certainfoot length, highest
horizontal speed and distancefrom thebody center to
the support points, then thereisacertain step length
and stridefrequency va uewhich don not change. Arti-
ficialy increasethe step length can only lead to hori-
zontal speed |oss, resulting in performancedecline. So
intheapplication of themode establishedinthisarticle,
weshould cd culatethe step length and stridefrequency
based on different parametersfor each athlete. Only by
analyzing the gap to themode!, improving technol ogy
and devel oping physical fithess accordingly can one
achieveone’sbest results.

RESULTSCORRELATION DEGREE
ANALYSISMODEL

By sprinter physicdl fithessandlys's, eect 6physica
quality indicatorsre ated with sprint performanceinfour
stages. Then usethe correlation degreeanaysismethod
to carry through quantitative anaysis on the sprinter
resultsand physical fitnesstests(TABLE 3).

TABLE 3: Sprint performanceand physical fitnessdetection

Item 1 2 3 4
100m 14.86 14.7 14.63 14.51
30m march running 423 421 416 4.10
30m crouch start 493 481 474 465
J.SJ;”;'”Q triplelong 607 616 629 641
f;aagﬁ';‘gg 6 level 1271 13.44 13.98 14.45
300m 56.78 56.35 56.1 55.79
Standing 20 cross-jump  40.39 40.99 41.83 42.56

Set v (k) asthereference sequence, standing for the
sprint performance. The
x,(k) 0 %, (k) 0 X;(K) 0 x,(k) 0 x5(k) 0 x;(k) are 6
comparative sequence, respectively, stand for the30m
march running (absolute speed), 30m crouch start
(speed), standing triplelong jump (expl osive power),
standing 6 level leapfrog (systemic coordination
strength), 300m run (endurance of speed), standing 20
cross jump (endurance of strength). Ordinal num-
berk-1 2 3 4, respectively represent thefour stages
of teaching. In order to maketheoriginal dataof indi-
cators become comparable, we conduct thedimension-
lesstreatment to theoriginal data(see TABLE 4).
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TABLE 4: Theinitialization processing of theoriginal data

Series name 1 2 3 4
Yo (K) 1 09919 0.9845 0.9764
x, (k) 1 0.9953 0.9835 0.9693
X, (K) 1 0.9757 0.9615 0.9432
%5(k) 1 10148 1.0362 1.0560
X, (K) 1 10574 1.0999 1.1369
X5 (k) 1 0.9924 0.9880 0.986
X (K) 1 1.0149 1.0357 1.0537

Calculatetheabsolutedifferencebetween ther ef-
erence seriesand comparative series

The two-level minimum absolute differ-
encemin minly, (k)-x; k)|, thetwo-level maximum absolute

differencemaxmaxy, (k) - x, k)|, asshownin TABLE5:

TABLE5: Theabsolutediffer ence between thereference
seriesand comparative series

Differential 1 2 3 4
VoK)= x,(k)) 0 00034 0001 0.0071
IVo(K)—%,(k)) 0 00162 0023 0.03322
IVo(K)—x%5(k)] 0 00229 00517 0.079
IVo(K)—X,(K) 0 00655 01154 0.1605
lVo(k)—%s(k) 0 00005 00035 0.0062
Vo(K)=Xs(K)) 0 0023 00512 00773

Calculatethecorrelation coefficient

g Amin+ PAmax
% AQ, + PAMax !

TABLEG:
Calculatethecorrelation degree

Resolutionfactorp - 05, asshownin

1 n
lg = Nzgm (k)

T+1

Iy, = 0.9665; 1, = 0.8292;r,, = 0.970L;r,, =

:0.7243,r,, =0.7221;r,, = 0.5735

In summary, the rel ationship betweenthesix indi-
catorsand sprint performancesisinlinewiththelaw of
development of things. Inthesesix indicators30m stands
for the march running, the 30m starting run standsfor
speed, standing triplelong jump standsfor explosive-
ness, standing 6 level leapfrog stands for the whole

TABLE 6: Correélation coefficient

Correlation degree 1 2 3 4

& (K) 1 09594 09877 0.9187
& (K) 1 08320 07772 0.7074
& (k) 1 07780 0.6082 0.5021
Ea(K) 1 05506 04102 0.3333
Eos(K) 1 09938 09582 0.9283
& (K) 1 07772 06105 0.5094

body’s coordination ability, 300m standsfor endurance
of speed, standing 20 cross-jump standsfor endurance
of strength. Theintrinsiclink between physicd fitnessis
extensive; thephysical fithessdoesnot existinisola
tion. The correlation order of six indicators
ISt >, >1,>1 > 1>, Wedivideit into three categories:
first category speed, second category endurance of
speed, third category the strength of lower limb and
trunk; and accordingly, it is easy to improve perfor-
manceinsprinttraining.

CONCLUSIONS

Step length and stride frequency arethe determi-
nants of sprint speed. From the comparison of step
length and stride frequency, aswell asthe comparison
of steplengthindex and stridefrequency index, thereis
agreat gap mainly in step length between our athletes
withworld excellent 100-meter athletes. Therefore, the
main stepistoimprovethe step length of our sprinter.
In order to increase the step length of sprint and im-
provesprint speed, you first need toimprovethemuscle
forcesinvolvedinthe action, and thenimprovemuscle
groups’ extensi bility whenin motion time. Only focus
on professional quality training, strengthen the Specia
Forcesand special flexibility exercisesof sprint can
achievethe purpose of increas ng the step length and
improving therunning speed.
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