ISSN : 0974 - 7435 Volume 10 I ssue 3

LioSechn o/oyy

A Indian Yournal

—====> FyLL PAPER

BTAIJ, 10(3), 2014 [389-393]

Research on the impact of physical characteristics on the best
shot angle based on curve fitting

Pengcheng Li
I nstitute of Physical Education, Jiangsu Normal Univer sity, Xuzhou, Jiangsu, (CHINA)

ABSTRACT

Thispaper usesthe projectile motion principles of biomechanics, establishes
the mathematical model of shot throwing, and obtains the three factors
affecting the shot throwing distance: shot speed, shot angle and shot
height of the shot, and conducts preliminary qualitative analysis on them.

KEYWORDS

Shot put;
Gray correlation analysis;
Curvefitting;
Physical characteristics.

It then re-uses gray correlation analysis to discuss the impact of three
factors on the throwing distance during the throwing process, and uses
the fitting way to get the fitting formula of shot speed and shot angle.
Finaly it arrives at the quantitative relationship between them, and the

ideal shot angle of the shot throwing is around 36 °.
© 2014 Trade ScienceInc. - INDIA

INTRODUCTION

Shot isamajor throwing event of track and field
athletics; thethrowing distanceistheonly standard to
measure an athlete’s performance, and the problem that
the athletes and coaches are most concerned about.
By thebiomechanicd theory, therearethreefactorsthat
affect throwing distance: theinitia velocity of the shot
when shooting out of the hand, the shot angle and shot
height. So far, more phenomenon appear that usethe
kinemati csknowledgein phys csto study the shot throw-
ing motion, few studies consider theimpact of the shot
height. Inthevast research, literatureand textbooks at
home and abroad the obtained best shot angleismostly
about 42 °, but the actual data shows that the best shot
angleof diteathletesisoftenlower than42°, i.e., theory
and practice conflictswith each other.

Inthis study, based on adataset of excellent Shot

Putters, through the establishment of gray correlation
analysismodd, it obtainstheimpact size of theinitia
throwing velocity, shot angle and shot height threefac-
torson thethrowing distancethat isthesensitivity. Ac-
cordingto thisand by combining with theactua Situa-
tion, it usescurvefitting method to obtai n the best shot
angle of elite athletes, which corrects the erroneous
theory all along, and provides some guidanceto the
shot-pultter.

THEMECHANICSMODEL OF SHOT PUT
THROWING SPORT

Conduct mechanica anaysison thethrowing pro-
cess of the shot; because the processisamore com-
plex dynamic process, there are some uncertain fac-
tors, inorder to fecilitatethe mathematicd andysisand
dataprocess ng, we havethefollowing two hypothesis:
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@ theshot putisregarded asaparticle; @ theair resis-
tanceisvery small compared to the mass of the shot,
soair resistanceisignored.

First, took the position of shot point astheorigin,
the horizontal throwing direction asthepositivedirec-
tion of x-axisand the positive upward direction asthe
positivedirection of they-axisto establishacoordinate
system of shot put throwing motion, shownasFigure 1.

- Si
Figurel: Schematicdiagram of shot put throwing motion

Thetimeof Shot from the shot point to the highest
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Thetimeof Shot from the highest point to theland-

ingpoint: t =,/2(h.g+H)

Thehorizontal distance from the shot point to the
landingpoint: S, = vcose - (t; +1,)
So the throwing distance of the shot is:

shot point; h =

VCOsa

(\/v2 sina + 2gH +vsina)

L=S5+S,=5+

Wherein t, isthetimeof shot fromtheshot point to
thehighest point, t, isthetimeof Shot fromthehighest
point to thelanding point, S isthehorizonta distance
between the edge of throwing circleto the shot point,

S, isthehorizonta distance between the shot point to

thelanding point, vistheshot speed of theshot, ¢ is
the shot angleof the shot, H isthe shot height of the

shot. Sincetheactud throwing distanceof theshot isS,
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sothispaper takesL = S, .
Ifv, o andH areindependent of each other, that
isthechange of onefactor will not causethechangein

another factor; then usethe control variable method to
obtainthebest shot angle:

v
V2(v2 +gH)

In accordance with the general characteristic pa
rameters of Shot athletes,
takev = 14m/s, H = 2.00m , obtain that the optimal
shot angleisg = 42.3°, thusthebest shot angleof shot
isabout 420

The practice showsthat the shot angle of eliteath-
letesisgenerally low, through theoretical analysisthe
reasons are asfollows. In general parabolic motion,
parabolic body’s initial velocity, the angle between the
horizontal planeand theinitia height isdetermined by
different conditions, namely thesefactorsdo not affect
each other, which isindependent of each other. The
throwing process of shot put ishappeningin and con-
trolled by the same object, namely the human body;
and they are inseparablein the whole throwing pro-
cess, thereare certain mathematical function. Thuswe
cannot usethe control variablemethod, which assumes
two variables are known and seek another variable’s
extremes.

o =arcsin

RELATED FACTORSANALY SISBASED ON
GRAY CORRELATION DEGREE

Grey system theory puts forward the concept of
conducting gray correl aion andys son each subsystem,
and intendsto seek thenumerical relationship between
the subsystems(or factors) through certain methods .
Therefore, thegray correlation analysis providesquan-
titative measurement for the devel opment changetrend
of thesystem, whichisided for dynamic courseanaly-
gs

Take the data of shot-put throwing distance in
TABLE 1 asareference sequence, which isdenoted

as X ,; takethedatasequence of shot speed, shot angle
and shot height as compare columns, which isrespec-
tively denoted by X, X, , X;.Firg, carry throughthe
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initid treatment tothedatain TABLE 1, obtainthedi-
mensionless sequence X, , X, X, and X .

X,
X = X (1=0123) cgculatethecorreaion co-

efficientof X, , X, , X, to X, andthecaculationfor-
mulaisasfollows:
min min[x, (t) - Xs(t)|+ pmax mtax|x0(t) = xs(t)|

gik)=——

[xo(k) =i (k] + p maxmaxfio (1) = X, (1)

TABLE 1: Shot data of an outstanding Chinesefemaleshot-
putter

Shot Shot Shot Throwing
speed V(mi9  angle X ) neight H (m) _distance L (m)
1351 38.69 2.00 20.30
14.08 35.13 1.95 21.76
13.82 30.80 2.10 20.49
13.40 36.02 211 20.24
13.77 34.64 2.01 20.84
1341 38.74 1.92 20.02
13.56 35.33 1.77 20.10
14.08 34.60 1.89 21.58
13.23 39.13 2.10 19.84
13.35 34.08 1.89 19.26
13.09 39.93 2.05 19.50
13.86 39.18 1.85 19.83
13.07 39.68 1.97 19.17
13.39 34.14 1.83 19.62
13.30 37.74 1.76 19.76
13.58 37.75 2.02 20.76
13.95 39.06 2.04 21.66
13.59 36.13 1.88 20.40
13.45 38.15 2.06 20.43
13.76 34.38 1.97 20.90
13.58 37.75 2.02 20.78
13.48 40.56 2.00 20.33
13.39 34.67 2.01 19.85
13.35 38.27 191 19.81
13.37 36.98 1.95 19.62
13.46 38.68 1.83 19.59
13.20 42.48 1.98 19.58
13.18 38.62 1.89 19.36
13.21 41.32 2.03 19.82
13.38 36.10 1.94 19.71

Wherein p [0,]] isthedistinguished coefficient, here
wetake p = 0.5, substitutethe datait and obtain:

g, = 0.6710
&, = 0.7678

Thus, thebiggest factor affecting theshot put throw-
ing distanceisthe shot speed, followed by shot height,
lastly the shot angle; but sincethe correlation coeffi-
cient between the shot angle and thethrowing distance
iIsmorethan 0.6, we cannot ignoreitsimpact. There-
fore, in order to improve the shot performancei.e.
throwing distance, you should first improve the shot
speed, followed by selection of taller athletes; we do
not need over-exercise the shot anglewhen throwing
shot. But ontheother hand, for highly trained athletes,
when he pushestheball the shot speed and shot height
tendsto asteady ate; if wewant toimprovethethrow-
ing distance at thistime, we must choosethe best shot
age

SOLVINGTHEBEST SHOTANGLE

45 ° angle is generally considered as the best shot
angle, but infact duetotheimpact of theshot height, in
order to get thefurthest throwing distancetherequired
best shot angle needsto belessthan 45 °. In the 1995
World Championships, Bartonietz had measured the
competition dataof shot put; theresults show that the
find nineplayers’ shot angle deviates 45 °. When throw-
ing, theformation of best shot angleisnot aconscious
act, itispositively associated with thesliding and the
correct prepare action and postures of shot throwing,
and the shot speed and shot angle a so shows mutual
inter-constraint relations. In 1997, when Li Me Xiaet
a andyzed the parameters of theWorld-classElite Shot
Putters, they established aregression equation of shot
angle and shot speed:

v =19.45-0.152q,

Andthe shot angle of eliteathletesis37° ~ 39°.
Usingthisformul a, calculate the best shot angle of the
athletesbased onthedatain TABLE 1. Astheathlete’s
shot height ranges between 1.76 ~ 2.11m, theformula
doesnot consider theimpact of the shot height; by cal-
culating the best shot angle and comparingit with the
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TABLE 2: Piecewisefitting formulaand thefor mula data of
LiMei Xiaet al

Shot Shot Shot Piecewise LiMei
height (m)angle (°)speed (m/s)fitting formulaXia formule

176 37.74 13.30 13.60 13.71
177 35.33 13.56 13.62 14.08
1.83 38.68 13.46 13.54 13.57
1.83 34.14 13.39 13.56 14.26
1.85 39.18 13.86 13.50 13.49
1.88 36.13 13.59 13.64 13.96
1.89 34.60 14.08 13.59 14.19
1.89 38.62 13.18 13.55 13.58
1.89 34.08 13.35 13.56 14.27
191 38.27 13.35 13.57 13.63
192 38.74 13.41 13.54 13.56
194 36.10 13.38 13.64 13.96
1.95 35.13 14.08 13.62 1411
1.95 36.98 13.37 13.63 13.83
197 39.68 13.07 13.44 13.42
1.97 34.38 13.76 13.58 14.22
1.98 42.48 13.20 12.99 12.99
2.00 38.69 13.51 13.54 13.57
2.00 40.56 13.48 13.33 13.28
2.01 34.64 13.77 13.59 14.18
2.01 34.67 13.39 13.60 14.18
2.02 37.75 13.58 13.60 13.71
2.02 37.75 13.58 13.60 13.71
2.03 41.32 13.21 13.21 13.17
2.04 39.06 13.95 1351 1351
2.05 39.93 13.09 1341 13.38
2.06 38.15 13.45 13.58 13.65
2.10 39.13 13.23 13.50 13.50
2.10 30.80 13.82 13.14 14.77
211 36.02 13.40 13.64 13.97

actud shot angle, theequation fitting effect for thedata
of shot height inthe 1.76 ~ 1.99m isnot good; but the
fitting effect for databetween 2.00 ~ 2.11misbetter,
asshownin TABLE 2. In order to get amore accurate
fitting formula, thispaper usescurvefitting method, due
to theexistenceof specia circumstances, it respectively
extracts somedatawithin two height segmentsof 1.76
~1.99m and 2.00 ~ 2.11mto conduct fitting, and ob-
tainagroup of ided fitting formula

Use Matlab software to conduct datafitting, the
fitting FHgureisshowninFigure2.

And obtainthefollowingformula
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Figure2: Datafitting results

v = —0.04307a,® + 3.0520. — 40.29 , H € [1.76,1.99]

v = -0.016760,? + 1.216a.— 8.418 , H €[2.00,2.11]
TABLE 2isthe piecewisefittingformulaand the
formuladataof Li Mei Xiaet al, we can seethat the
pi ecewi sefitting can better reflect therelationship be-
tween shot speed and shot angle, and provide anidedl
theoretica basisto better improveathl etic performance.
M eanwhile according to theformul a, obtain the opti-

TABLE 3: Shot achievementsand shot angle of world-class

outgtanding athletes

Name Achievement (m)  Shot angle (°)
20.3 38.69
Li Me Su 20.95 37
21.76 35.13
21.52 36.9
. 2245 36
Slupianek 21.28 413
21.41 40
Gunther 22.23 35.5
Timmerman 21.35 35.8
20.76 37.75
Huang Zhi Hong 21.28 41.3
21.52 36.9
Ni Muji 21.21 36.7
Cam Bo Noons 21.22 37
Fibingerova 20.86 36
Bayer 21.02 341
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35.4307,H €1.76 ~1.99
36.2768,H € 2.00~ 2.11

TABLE 3showstheworld-classdliteathletes’ shot
scoresand shot angle; we can seethat the optimal shot
angleof theathletesisaround 36 °, which is consistent
withthebest angle. The practice proved that, whenthe
shot put goesto thefina exertion stage, thebody’s legs
arewide open; dueto the structurd featuresof the hu-
man body, to push theball with low angleisinfavor of
thebody musclesto exert greater synergies, moreforce
isapplied to the shot and the shot speedisimproved;
moreover theimpact of shot speed onthrowing dis-
tance is greater than the other two factors, thus the
throwing distanceisgreatly improved.

mum angleshot; & = {

CONCLUSIONS

By mechanicsanalysis of the shot throwing pro-
cess, it obtainsthefactorsthat affect thethrowing dis-
tance,, and. Throughthegray correlaion andysisit car-
riesthroughthe correl aion cal cul ation onthethreefac-
tors, and obtai nsthe specific rel ationship of the effect
size. Findly, through the shot dataanalysisand curve
fitting of theactud Elite Shot Putters, it obtainsthe solv-
ing equationsof optimum shot angle. Based ontheabove
results, it may be discussed asfollows: theimpact of
shot speed on throwing distanceisgreater than theim-
pact of shot height and shot angle; but thegray corrda
tion between thethreeand thethrowing distance areal
greater than 0.6, these three aspects cannot beignored
inthetraining. Shot speed, shot height and shot angle
arenot independent of each other, and areinter-con-
strained, so these two factors should be considered
when training theathl etes. For the effect of shot height

onthethrowing distance, it can becontrolled by select-
ing athleteswith higher height asmuch aspossible; be-
causeitsimpact onthethrowing distanceisrelatively
small, control on the height is not too restrictive.
Strengthening thetraining of the shot speed and explo-
sve power helpstoincreasethe shot throwing distance.
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