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ABSTRACT

This paper analyzes shot force status, utilizesrelease height, release speed,
release angle and throwing distance relations, it analyzes shot movement
status from geometric perspective, and establishes the three and shot
throwing distancefunctional relationship shot projectile mathematical model.
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To make model more reasonable, it further optimize the model, and state
model hypothesisrationality. By further cal culation on throwing model, it
fixes release height and then solves shot throwing best release angle is

0+2kr €(0,7/4] ,keN, from which ¢ =1/2arccos(gh/(gh+Vv?)) and
furthest throwing distance is S=v,/v? + zgh/g and that is verified by

numerical simulation.

INTRODUCTION

Throwing eventsarefavored by mass, thereforein
early period; Chineseshot wasdtill at thetopininterna-
tional. But in recent years, dueto Li Mei-Su, Huang
Zhi-Hong and othersthe group of senior athletes’ re-
tirement, Chinese shot performance has appeared
standstill even backward phenomenon. For example,
in Sydney Olympic Gamesin 2000, Chinesewomen
shot puttershadn’t achieved any medals, and even men
shot kept standstill inAsianlevel for alongterm, dueto
Chinese statusaswell asdomestic and foreign pres-
sure, it urgently needs us should research from tech-
niques and training aswell as others as soon as pos-
sible; besides, due to sports competitions are going
moreintense, athletes scores gap getssmaller, dight
scoregap will suffer asudden declineinrank, asdiffer-
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ence between the bronze and championwas0.1min
the 8" national games, the phenomenon showed con-
temporary competition required usshould more deeply
excavatetechnicd potentid intraining so asto giveath-
| etes maximum potentia sinto play and get satisfied re-
ault.

In shot putting, lots of problems should be taken
into account so asto improvetechniques, such as, re-
lease angl e, rel ease height and rel ease speed and oth-
ersrelationships, sothat let shot arrive at best release
angleand furthest distance; for the problem, thereare
lotsof scholarshave maderesearch at homeand abroad,
suchas: LiuBen-Liang (1984) proposed that shot flight
trajectory was described by ground oblique angle.
Ground obliqueanglewas shot rel ease point and land-
ing two points connection straight lineand ground in-
cluded angle. According to author research, it wasclear
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that best release angleis45°, thereupon ““ ground ob-
ligueangle p and O isnot the same”, so best release
angle should lessthan 45 that would be more reason-
able; Cureton(1939)meadel otsof andyseson shot putters
technical motionsmovies, findly he got that best angle
was between 40° and 42°; However, James. G.
Hay(1978) according to actual measurement, he put
forward that best rel ease angle should be between 38°
and 42°, in addition, he got rel ease speed and best re-
|lease anglerelations, with speed increasing, best re-
leaseanglejust dightly increased, thoughit got closer
to 45°, it could not arrive at 45°;1Y Miap Wen-Ke
etc.(1984) pointed out, « for throwing release angle
problem, to arrive at maximum distance and best re-
lease angle, it needs coaches and shot putters work
together to changeand revise shot throwing angle™2.
The paper on the basis of previous research re-

sults, with regard to how to choose maximum release
speed and best rel ease angle so that | et distance bethe
maximum, by establishing mathematical modd, it gets
shot best throwing modd, and verifiesthat it isreason-
abletoignore shot throwing moment air motion suf-
fered air resi stance and human body factorsinfluence.

SHOT THROWING MODEL

Model symbols are as TABLE 1 show, to shot
throwing problems, at first establish throwing distance
andV, h, grdationship, and on conditionthat V, his
certain, solvebest rel ease angle and furthest distance.
(1) Shot movement processair resistanceinfluenceis

very little, thereforeit canignore®.

(2) Thrower to shot throwingforce f andheight p
arefixed vaues.

TABLE 1: Symbolsdescriptions

Variable parameters Significance
h People height
0 Speed direction and throwing horizontal direction formed angle (0 < 8 < 90°)
f Shot throwing release strength
S Shot put landing point and people’s  distance
t, After throwing for time t; , shot arrives at top point
t, In t, time, shot lands.
t, Hand and ball acting time(When t, <1s it can beignored)
g Local gravity accelerated speed
\ Shot throwing initial speed
\'A Vertical component speed when ball is released
v, Horizontal component speed when ball isreleased
(04 Coefficient
A is object sectional area
Lo Fluid density
V Object relative to fluid speed
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Shot thr owing mathematical model

Ignoring throwersmechanical processget involved
inthrowing circle, at first it carries out research on shot
releasing moment throwing angleand initia speed. Af-
ter shot releasing, dueto it movesinaplane, shotin
releasing point area vertical direction is movement
height H (t) ,takestime t as x axisto congtruct rectan-

gular plane coordinate systemyn thisway, shot after
leaving out of hand, itsmovement path can beexpressed
by rectangular plane coordinate system,as Figure 1,

when shot movesto t, time, then shot arrives at top
point, and itsspeed in vertical directionis0“.

o

H (r)‘

N\

' N
t t,

Figurel: Shot-put motion path graphic

L 3

0

Make analysisof above Figure 1, apply momen-
tumtheorem, it can get:

f.t3
ftP=mv>v=

@

m
Whileby:
vsinf=gt, @
Thatis
¢ =v§n9
1 g (©)
By smplifyingcaculation, it can get top point:
1 vZsin®@
H(t1)=h+§gt12=h+ 2 @)

By adding coefficient, it can get parabolaequation
[
vZsin?@
29

vsing,,

H(t)=a(t - )“+h+

®

Whentimeist=0:

vZsin?@ vZsin?@
(0)=a e +h+ 29 (©)
Soit can get
=_9
a=-5 )
Input formula(7) intoformula(6), it can get:
g, vsn@., vZsin?@
Ht)===(t-——)+h
(t) 2( )" +h+ 29 8)

AssumeH (t,) =0, itgets.

o &+v25in29 +vsin9
2 g gz g ©

Dueto:

S=vcoso-t, (10)
In caserel ease height isknown, thrower and shot
landing point distance;

11
g 29 2 1

By aboveformula(11), it isclear that shot throwing
distance S hasconnectionswithreleaseangle g, re-
lease speedv and releaseheighthy.

2 2 2sin 20 2 o
S=\/Zhv cos 9+(v )2+v sin20

Optimizethrowing modd

Abovemodd isestablished on the condition that
weignore shot movement processair resi stance and
height influencefactors, in thefollowingwewill con-
sider thetwo factorsto verify whether thefactorsigno-
ranceisreasonableor not.

Consider human body factor

Inredl life, to athlete height, thefactor should be
takeninto consderation. When athl ete throws shot, put
the shot between neck and shoulder, so may aswell set
shot throwingis150cm far from ground, g takes 9.8m/
&,V =12.5m/s, Chinese men average heightisaround
170cm, draw functional Figure 2 for formula(11).

From aboveFigure2, itisclear that B point avail-
able extract maximum value S=23.55
m,corresponding g =0.83~47.5°, which is equal to
world record, but by experience, it is clear that shot
throwing best angle should be around 40°, calculated
throwing angleisobviouslarger than theangle here,
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Figure2: Thereationship between distanceand angle

which indicates during shot throwing researching pro-
cess, athlete height can beignored.

Consider air resistance

Intheinitial hypothesis, weignoreair resistance,
but in preciseanalysis, it perhapsisan indispensible
factor, inthefollowingwewill makeanalysisof air re-
gstanceto shot throwinginfluence.

If men shot radius is around 120mm, then
A =0.045m?, itisknown earth surfacearea ¢ = 0.45,

air density p, =1.25kg/m*®. Accordingto fluid me-
chanicsreativeknowledge, object actingforceinfluid:

f =apoAV (12)
Input above parameters, and then it can get:
f =0.025v?2 (13)

And accordingtoV =12.5mVs, it can ca cul ate act-
ingforcewhen throwing :

f =43N (14)
Soit can get:

a=— =060 mis (15)
m

By experience, it can know that dl shot flightis1.5
seconds, therefore shot flying speed under air influence

itsvariableislessthan1my/s,butto g comparingwith
its speed variable, it cannot reach, it may aswell set
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V, =2.7m/s to offset air to throwing influence,

takesh = 1.7, draw function Figure 3for formula(11)
under thecircumstance.
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Figure3: Therangeand velocity calculation best value

By above Figure 3, it is known that when

0 =0.83=47.6° itcanget Smax = 22.59, Dueto
resistanceintroduced, thedataerror becomesbigger
with regard to the case considering air resistance, so
we get conclusion: Ignoreair resistance and human
body factor situationsarereasonable, and it can know
formula (11) can solve throwing best distance and
angle.

Definebest throwing mode

After givenrdeaseangle, to different rel ease speeds,
we should define best release angle. Obvioudly, itis
extremeval ue problem, according to cal culusknowl -
edge; it shouldfirstly solve stagnation point.

Weknow by formula(11) that S(v, h,8) isv and
h monotonic function, sofor @ maximum point, by
differentid, it can get:
0S/66 =0

o

(16)
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3—§= v? cos20g+

v* sin 20 cos20—4hv? cos@sin8g
Jv4§n229 hv? cos? 0
5 +8
g g
After smplifying,itis

0

(17)

v cos204/v* sin? 20+ 8hgv2 cos? @ +

v* sin 20 cos 20 — 4hgv? cos@sin@ =0
By converting, it gets:

c0s20 = gh -9

gh+v? +vi

o

By formula(19), itisknown that to fixed release

height h, if speedincreases, then corresponding best

releaseangle 9 will dsoincrease, inthefollowingwe

makefurther analysisof formula(19), accordingto Situ-

(18)

(19)

ation > 0,h>080¢cos20 > 0,andthen 0< 0 S%,

thereforewe get best release angle:

gh
gh+ v?

1
= E arcco (20)

Similarly it can solvethrowing furthest distanceis:

S=—v2+2gh
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Due to ¢ period is 27, when

T
0+ 2kr e [O,Zj.k € N | g+ 2kz isbestthrowing

shot releaseangle,especialy when h = 0, a thistime
0 = 45°
Model test

Inthefollowing, by numerical simulation, we ex-
plorereleaseangley and release speed v tothrowing
distance S influence. For professiond athletesthrow-
ingmoment, if itisexpected that their releaseheight b
keepsreative stablestateismainly up to athletespro-
fessional technique mastery degree, armslength and
height, herewelet releaseheight h = 2.0m, gravity

accelerated speed ¢ = 10m/ s? ,release speed is
changing between, rel ease angl eischanging between
10m/s—15my's, releaseangleg ischanging between
37° — 43° . Bycaculating, weget TABLE 29:
FromTABLE 2, itisclear that within the bounds of
poss bility rel eeseangledeci ded throwing ditance maxi-
mum variableisbetween .04 — 0.78m, andwithinits
bounds of possibility rel ease speed decided throwing
disancemaximumvariableisbetween10.10 — 10.88m.
Theresult shows that release speed isthrowing dis-

g @) tance main influencefactor. Therefore, we get that to
TABLE 2: Numerical Smulation variablestable

Speed 43° 38° 39° 40° 41° 42° 43 Range
10ny's 11.78 11.81 11.82 11.83 11.83 11.82 11.79 0.05
11m/s 13.86 13.90 13.93 13.95 13.96 13.95 13.93 0.10
12ny's 16.12 16.18 16.23 16.26 16.28 16.28 16.26 0.16
13my/s 18.57 18.65 18.71 18.76 18.79 18.79 18.78 0.22
14ny's 21.20 21.30 21.39 21.45 21.49 2151 21.50 0.31
15m/s 21.89 22.08 22.25 22.39 2251 22.60 22.66 0.77

Range 10.11 10.27 10.43 10.56 10.68 10.78 10.87
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shot putters, they should place primary emphasison
increas ng throwing release speed at ordinary timestrain-
ing so asto get better resultsin competition. And by
TABLE 2, we can dso get athletes shot throwing mo-
ment, their release angles generally are be-

tween3ge — 42°.
CONCLUSIONS

From abovemodd, itisclear that ignore shot throwing
moment air motion suffered air resistanceand human
body factors influence is reasonable. It gets release
angleq , release speed v factor to throwing distance
S influencessizes, thereforeit hascertain guiding vaues
infutureathletes competition and training aswell as
coachesguiding aspects. It getsbest release angleand
furthest distance main influence factors——release
speed, thereforeat ordinary times, it should strengthen
explosive power training, increasethrowing rel ease
speed, sothat would beneficia toimprove shot throw-
ingdistanceand et athletesget moreided performances.
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