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ABSTRACT

In order to improve the shot putters’ competition results, this study
establishes the mathematical model of shot sport. By working out the
functional relationship between the maximum projectile range and its
influencing factors, and conducting analysis of its dynamics and
mechanical characteristics, this study obtains the optimal putting angle
for shot put. Besides, the resultsfrom grey correlation analysisreflect the
numerical relationship between athletic performance and each special
quality indicator, the contribution of the various indicators to the
performance can be calculated and thus the main factors affecting the
shot special achievement can be obtained. The results of this study have
a positive impact on shot related researches and have great significance
in the better and faster development of field and track. What’s more, this
research provides certain basis for the shot put coaches and athletes in
training, encouraging the athletes to go beyond themsel ves continuously.
© 2013 Trade SciencelInc. - INDIA

INTRODUCTION

Woman Shot has been an advantageousproject in
China’s track and field events. Shot putters’ achieve-
mentsarenot only related to their specia qualities, but
a so closdly linked to technical movementsof theath-
letes. A variety of qualities of theathleteshave impact
on the competitionresults, even atiny detailswill also
havearoleintheplaying. The shot puttingisaprojec-
tilemotion. Through specific physical analysisof the
movement processof the shot putting, it eventua ly can
beidentified asacertain height projectilemotion. By
findingthefunctiond rel ationship between themaximum

projectilerange and itsinfluencing factors, the maxi-
mum range can be solved. Therefore, the study of the
impact of the shot putter’s special quality on the shot
competition results, and discussion ontheoptima put-
ting angleareof great significance.

Previous studieson shot putters’ special qualities
aremainly based on analytical hierarchy process, in
which theinfluence of human factorsisobviousinthe
establishment of thejudgment matrix. Asaresult, the
fina caculated weight of the specid quaity may bein-
consistent with the actual value. Intheresearcheson
shot put putting angle, many scholarshave cal cul ated
theideal projectileangleof the shot, but theresearch
formulasareall determined under the assumption that
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the shot initia velocity and players’ heights are con-
stant. However, infact, shot putters’ heights and initial
shot velocitiesare variant and thetheoretical formula
deduced will bein somedifferenceswiththeactud situ-
ation, thusit cannot properly guidetheshot put athletes
toimprovethetechnica movements.

Thisstudy takesinto account factorsasthe shot’s
initid velocity, thetimefrom shot’s releasing to landing,
the acceleration of gravity, the shot’s releasing angle,
the horizontal distancefrom the shot’s releasing point
to thelanding point and the shot’s releasing height, and
establishestheoptimal putting anglemode for shot put-
ting. With theshot scoresand indicatorsof various spe-
cia quality of atop-notch gradefemaleshot putter as
research contents, determinethe correl ation degree be-
tween each specia qudity indicator and the correspond-
ing competition results based on grey cal culation, to
provideacertain basisfor shot coachesand athletesin
traning.

OPTIMAL SHOT PUTTINGANGLE MODEL

Symbol Description in optimal shot puttingangle
mode

V,: Shot’s initial velocity

t: Thetimefrom shot’s releasing to landing

g: Accderationof gravity

o : Shot’s releasing angle

X : Thehorizonta distancefromthe shot’s releas
ing point to thelanding point

h : Shot’s releasing height

Modéelling of optimal shot puttingangle

According to the characteristics of the putting mo-
tion, it can be approximately regarded as projectile
motioninthe physics. Analyze the shot’s motion pro-
cess, the motion of the shot can be decomposed into
two parts: uniform linear motion along the direction of
theinitid ve ocity and freefdling downwardtheverticd
direction, asshowninFigurel, Figure2:

It can be acquired from Figure 2 that:

x2—(vt)2—(1 t>—h)’= Ot W2+ ghytt—h? 1
=W 29 ——T+(Vo +gh)t* - @)

2
Whent? = 72—2 = % , x? hastheextremevalue,
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Figure2: Schematic diagram of shot motion

In the vertica direction—h=votsina—%gt2,

substitutet into thisequation and then it can beobtained
that

VO

V2v,% +2gh ©
Judging from the above formul a, the optimal put-

tingangleisrelated tov,,and h aswell, andthevaueis

awaysbeow 45 .

Accordingtotheprojectilemotion, it can bedrawn
that when athletesthrow shots, thefarthest distancethe
object can fly dependson thereleasing velocity v, ; the
shot’s releasing angle o andthereleasingheighthy.

(1) Shot releasing height: Theshot’s releasing height
dependsontheathlete’s height and arm length, as
well asthe athlete’s body and training level. The
increasing of releasing height will resultinalmost

the sameincrease degree of the shot’s flight dis-
tance. Whereas, each athlete’s height, arm length
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andthetechnical leve of trainingarerdatively fixed,
from which aspectsitisundesirabletoincreasethe
shot scores.

(2) Shot rdleasing angle: Thebest shot angle (38°~42°)
islessthan 45°, due to that the releasing point is
higher thanthelanding point. If shot releasing height
increases, theoptimal releasing angledecreases, and
viceversa. Shot reeasing angleva uea so depends
on the shot rel easing vel ocity; when the shot re-
leasing vel ocity increases, the optimal vaueof the
shot anglewill increase (Dyson, 1968). Deviation
from the best shot angle+3°~4°, has little effect on
thedistance of shot, but if the deviation isabout
10°, the flight distance will decrease by 1 m. This
showsthat theeffect of shot releasingangleon the
shot’s distance is not great and its negative effects
can be made up by thereleasing velocity.

(3) Shot releasing velocity: Shot flight distanceispro-
portional to the square of the shot releasing veloc-
ity. Thusreleasing vel ocity isthe most important
factor affecting the shot performance. Shot rel eas-
ing velocity increasesby 1times, theresultswill be
increased by 3times. Judging from sportspractice,
shot releasing height and angle of different athletes
arerelatively constant, and thereisno significant
change. So it can be seen that to increase shot re-
leasing velocity isthe most important way toim-
provethe shot scores.

M echanical factorsinfluencing shot releasingve-
locity

Shot rdeasing vel ocity dependson thesizeand ori-
entation, distance and duration of theforce acting on
the shot, which can be expressed by thefollowing for-
mua

F[2F
TV @

Intheaboveformula(4): v istheshot releasing ve-
locity, Fistheforceactingontheshot, tistheduration
timeof theforce, sistheduration distance of theforce,
m isthemassof the shot. The conditions establishing
theformulaisthat Fisconstant. Thesizeof theforce
acting on the shot dependson theathlete’s body readi-
nesslevel and theposition of thebody inforcing phase;
theforceeffectsarereflected by. Themechanicd char-
acteristics of themovement depend on the orientation
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of thebody and movement techniques. Asthepossibil-
ity of increasing the distance of theforceisrestricted
duetotheputting circle, it becomesvery important to
increase the force acting on the shot. All changes of
shot putting techniques are around theincrease of the
force or thetime of theforce acting on theshot (force
distance), and changesin the history of the devel op-
ment of shot putting techniquesa so confirmsthispoint.

Velocity analysisat shot releasing: Shot releasing
velocity isthesum of theve ocity generated at various
stages. Duetothedifferent direction of thevel ocity vec-
tor, the synthesis of thevel ocity followsthe parall el o-
gram law. The standing shot putting distance of world
classathletesisabout 19-20m and the corresponding
releasing velocity isabout 13ms-1. If the athlete is able
to conduct mathematical combination (velocity inthe
samedirection) of thetwo vel ocity and to completethe
shot put action, shot releasing vel ocity may reach 15-
15.5m-s-1 and the corresponding putting distance is
25-26m (Tutevich, 1969; Koltai, 1973). However, due
tothelack of linearity of theshot’s velocity in slippery
stageandfind forcing phasg, it resultsinaconsiderable
lossof itsinitid velocity and find velodty. Kolta (Kalta,
1973) and Kerssenbrok (Kerssenbrok, 1974) reported
that thelossof theinitial velocity isup to 60%to 70%.

GREY CORRELATIONANALYSISOFSHOT
ATHLETES SPECIAL QUALITY AND COM-
PETITIONRESULTS

Judgethe corré ation degree of eachindicator and
the performance according to the grey correlation and
screen effectivevariables.

Selection of reference series
% = {%(Kk=12,..n}=(x(1),%,(2)..%(n) (6

Wheren, k meansthemoment. Assumethat t there
arem comparison series.

% = {x (K]k=12.nf=(x (D, X (DX (M), =12,..m
Theinitial valueprocessing of theraw data

Ordered series x = (X(1),x(2)...x(n))
Mapping relation:

f (x(k)) = y(K),k=12,.n (6)
Dataconversion-theinitia vaue processing of the
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x(K)

f(x(K)) = X0~ y(k),x(1) = 0 @)

Correlation coefficient
Thecorrelation coefficient of comparison series X and

re‘erenceseriesxO intimek:

minmin|x, (t) - x, ()| + amax max|x, (t) - x, (t)

&i(k) =

(k) = x (K0 + amax maxf,(t) - x.(0) ®

a meansthe resol ution coefficient, the greater the
resol ution coefficient, thegreater theresolutionis; and
viceversa

Cadculation of thecorrelation degree:

r=—2¢ (k) ©

The corre ation degree of comparison series x, and

x, reference seriescan betold from formula(9). Cor-
relation degreeistheaverage of all correlation coeffi-
cientsat al moments, which collectsand processesthe
excessively dispersed information. Analysison various
issues can be conducted based on the concept of cor-
relation degree.

Solution of themodd

Fromafollow-up survey on certaintop-notch grade
femdeshot athlete, thetime seriesdataof thebest scores
and 16 specid quditiesand physicd fitnessfrom 1982-
1986 isobtained (TABLE 1). Try factor analysison the
shot putter’s special performance, and conduct initial-
ization processing of each seriesin TABLE 1.

Ingenerd, different seriesinthepractical problems
often havedifferent dimensions, whereas, theca cula
tion of the correl ation coefficientsrequiresthe dimen-
sion to bethe same. Therefore, firstly the variety of
datashould be dimensionless. Moreover, with the pur-
pose of easy comparison, all the seriesarerequired to
have acommon intersection. In order to solvethese
two problems, conduct thetransformation of thegiven
series. A given sequencex = (X (1), x (2), x (n)), then:

X(2) x(3)

Y:(l, , X(n))
X(1) x(1) x(1)

Theaboveistheinitiaization sequencefor theorigi-
nal series. Conduct initialization processing of the 17

(10)

seriesin TABLE 2. For theformer 15 series, astime
increases, theincreasein theva uemeansthe progress
of athleticlevel; whilefor thelatter 2 series, astime
increases, thedecreasein theva ue(in seconds) means
theprogressof ahleticlevd. Therefore, intheinitidiza:
tion processing of series x,. x,, , adopt thefollowing
formula

.=

TABLE 1: Atop-notch gradefemaleshot athlete’sdata (1982-
1986)

X(1) x(1) XD %MDY _ 1646
X(2) ' %(3) X (4) x () T W

Each quality 1982 1983 1984 1985 1986
Shot Special achievements X o 136 1401 1454 1564 15.69
4kg Front putting X2 115 13 1515 153 1502
4kg Back putting X, 1376 1636 169 1656 173
4kg Standing putting X 1241 127 1396 1404 13.46
Standing long jump X, 248 249 256 264 259
Power clean Xs 85 8 90 100 105
Snatch X 55 65 75 80 80
Bench press X, 65 70 75 8 9
3kg Front putting s 128 153 1624 164 17.05
3kg Back putting o 153 184 1875 17.95 19.3
3kg Standing putting X 1271 145 1466 1588 157
3kg Glissade X1 1478 1554 16.03 16.87 17.82
Standing triple jump %z 764 756 7.76 754 77
Full squat % 120 125 130 140 140
Clean and jerk % 80 8 90 90 95
30 metersrunning s 402 425 401 406 399
100 meters 3 1301 1342 12.85 1272 1256

The sdection of reference series

Theshot specid achievements, i.e. seriesare x, e
lected asthereference series.

Solving correlation degree

In accordance with the requirements of the prob-
lem, naturaly select shot putters’ special achievements
asreferenceseries. Theinitiaized seriesof dl seriesin
TABLE 2 aresubstituted into formula(1) and (2), and
theca culated correl ation degreesof dl seriesareshown
inTABLE3.

Judging from TABLE 3, theeight key factorsim-
pacting theshot specia achievementsarefull squat, 3kg
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glissade, power clean, 4kg standing putting, cleanand
jerk, sandinglongjump, 30 metersjumpand 100 meters
jump achievements. Therefore, thetraining should fo-
cuson to consider arrangementsfor the practice of the
eightindicators. Thiscan reducetheblindnessof train-
ingandimprovetraining efficiency.

TABLE 2: Thedataafter initialization

Each quality 1982 1983 1984 1985 1986
Shot Special achievements X o 100 103 107 115 115
4kg Front putting X1 100 113 132 133 131
Akg Back putting X, 100 119 123 120 126
4kg Standing putting Xz 100 1.02 112 113 108
Standing long jump X, 100 100 1.03 106 104
Power clean Xs 100 100 106 118 124
Snatch X 100 118 136 145 145
Bench press X7 100 108 115 131 138
3kg Front putting X= 100 120 127 128 133
3kg Back putting o 100 120 123 117 126
3kg Standing putting X 100 114 115 125 124
3kg Glissade X1 100 105 108 114 121
Standing triple jump %z 100 099 102 099 101
Full squat Xs 100 104 108 117 117
Cleanand jerk % 100 106 113 113 119
30 meters running s 100 095 100 099 101
100 meters s 100 097 101 102 104
TABLE 3: Thecorrelation degreesof all series

r, I, r, r, r, r, r I,
0588 0663 0854 0776 0855 0502 0659 0582

r, r, r, r, r, r, r, r,
0.683 0696 089 0705 0933 0847 0745 0.726

CONCLUSIONS

Thekey factor of shot put techniquesis shot re-
leasing vel ocity, so the each aspect in shot put training
should befocused onimproving thereleasing vel ocity.
Human biologicd andfunctiond differencesresultinthet
the optimal shot releasing anglesfor different athletes
arequitedifferent. Therefore, it should avoid blindly to
pursue and to imitate the best angle of afixed value,
which |eadsto the unnecessary loss of vel ocity and af-
fectstheresults of the shot put. At the premise of not
affecting the shot rel easing vel ocity, according to the

actual situation of theathletes, identification of theap-
propriate shot releasing angleisthebasis of scientific
training.

Each project infield and track eventshasanumber
of quantitativeindicatorsand the sport possessesstrong
grey property. Thisstudy gppliesgrey corrdaionandyss
method to reflect the numerical relationship between
the competition results and each indicator and works
out the contribution of the various indicatorsto the
achievement. Andthen obtainthemainfactorsaffecting
the shot specia performance, which are accordingly
shot back putting> shot front putting> standing triple
jump> standing long jump> bench and press> clean
and jerk> squat > snatch> 100m> 30m. Adopt grey
correlation degreeto judge the correl ation degree of
eachindicator and the achievement and then select the
effective variables. Grey correlation degree method
makes up for the shortcomingsof mathematica satisti-
cal methodsfor system analysisand appliesequally
whatever samplesize and samplelaw. What’s more,
thismethod hassmall amount of calculationsanditis
smple, thesituationthat thequantitativeresultsaredif-
ferent withthe quditativeanalysisresultsarenot likely
to occur. And it hasunique advantagesin thefield of
quantitative andysisand eva uation of non-linear, dis-
crete, and dynamic data. According to the degree of
similarity of thesequence curvegeometry, it judgesand
intendsto overcomethelimitations of regresson andy-
ssinsystemanaysis. Theresultsof thisstudy areex-
pected to haveapositiveimpact onrelativeresearches,
and great significancefor thebetter and faster develop-
ment of athletics and encouraging the athletesto go
beyond themsel ves continuoudly.
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