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ABSTRACT

Shot isone of the throwing itemsin Track and field, and this event has a
more significant role on physical enhancement, development of trunk and
upper and lower limbs strength. Expectations of coaches and athletes are
throwing the shot farther under the premise of not detrimental to health.
The throwing distance of shot is related to the releasing speed and
releasing position. The expression of speed includesthe vel ocity sizeand
velocity direction, the expression of position includes the coordinatesin
the horizontal direction and the vertical direction. This paper uses the
principle of sportsbiomechanics, analyzesthe whole process of backward
sliding shot put and the movement condition after releasing shot,
researches the promotion program for shot releasing speed and
performance through biomechanical parameters, and establishes the
mathematical model to solve the optimal angle of shot throwing. It uses
Mathematical softwareto conduct numerical modeling and simulation on
the movement trajectory after releasing shot and to verify the
reasonabl eness of the optimal angle, uses the studying results to validate
the existing backward sliding shot put technique and puts forward
rationalization proposals. © 2013 Trade ScienceInc. - INDIA

INTRODUCTION

Thekinematic parametersof backward diding shot
put include releasing condition parameter, reasonable
movement trgj ectory of shot before releasing and sport
characterigticsof variousphysical links. Thedynamics
characteristics of movement includetheforce charac-
teristics of the shot and theforce characteristics of the
human body. Use M ahematica softwareto run numeri-
ca modeling on the movement trgjectory of shot after
releasing, smulateits motion feature, and vaidate the

theoretical rationality of the best throwing angle. For
these described motion parameters many people have
studied, and with the unremitting efforts of thesere-
searchersthisgame hasimproved and achieved good
results.

Inthispaper, through biomechanicstheory, it con-
ducts detailed mechanica analysisfor the movement
process of backward diding shot, studiesthereleasing
speed and performance to promote the shot, estab-
lishesamathematica optimization mode of thebest shot
throwing angle, and provides reasonable suggestions
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for the project’straining and theoretical basisfor the
coachesand athletes.

DYNAMICSANALYSISOFSHOT MOVE-
MENT

Motion analysisbeforereeasing shot

Thevelocity vector sum that shot obtained during
each movement stage determinestherel easing speed
of shot. Sincethebackward diding shot put way leads
totheveocity vector direction of shot at diding stage
andfinal force stageisdifferent, accordingto theki-
netic principleitisknownwhen the speedischanged it
isaccompanied by acombined force of not zero act-
ing. If thechangerate of shot isinlinear or coherence,
theenergy lossrate can besmaller and thetransformed
shot kinetic energy canincrease. Therefore, we should
pay particul ar attention to increase the body’s acting
distance on shot and acting efficiency, minimizetheini-
tial position height of shot, maintain the projection of
shot trgjectory in the vertical plane of force form a
graight line, whichwill hepimprovetheve ocity vector
sum obtained at various shot stages. In the course of
movement, if the body can keep the centroid continued
and steady rise, then it can reducetheinternal energy
lossof human body and increase growth-style overlay
of theve ocity vector, asshownin Figure 2, themove-
ment trgectory of the shot centroid and body centroid
trajectories of Di Moer (grades 22.62m) and Kong
Beiniu S (grades21.22m) during shot put process.

InFigurel, (1) indicatesthe movement trgectory
of the shot centroid held by Di Moer, a$ indicatesthe
movement trgjectory of theshot centroid held by Kong
BeiniuSi, representsindicatesthe movement trajec-
tory of the body centroid of Di Moer, c$ represents
indicatesthe movement trgjectory of thebody centroid
of KongBeniuS.

According to the comparison of (1) and (2) in

Figurel: Thecomparison chart of shot trajectory before
releasing and body centroid trajectory

Figure 2 it showsthe shot centroid held by Di Moer
hasabigger stationary degree and magnitudethanthe
shot centroid held by Kong Beiniu Si. The same com-
parison result of b$ and c$ isthat Di Moer is better
than Kong Beiniu Si in both sides. According to the
two persons’ results, Di Moer trajectories contribute
to the promotion of itsachievement.
hir) v(0)
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Figure?2: Schematic diagram of jumping with onefoot and
vacating
Themotion analysisof shot after releasing

After releasing the shot only sufferstheforce of
gravity andair resstance. Sinceduring exercisegravity
shot receivesisfar greater thantheair resistance, this
paper only consider the gravity factor. Assuming that
the height when releasing shot isn(0), during exercise
thevertica height of theshot ish(t), thehorizontd dis-
placement when rel easing shot iSs(0) - 0, the horizontal
displacement during exerciseissy), theemissonangle
whenrdeasing shot isq , releasing speedisyo), shot’s
moving trgjectory isshowninFigure2.

Thetransmitting speedisresolvedinthehorizonta
direction and vertical direction, useto mean the sub-
speed inthehorizonta direction during themovement,
useto meanthe sub-speedinthevertica direction dur-
ingthemovement. Thenwehaveformula(1):

v, (t) = v(0)cosa
{vy(t)= v(O)sina - gt @

According to therel ationship between displacement
and velocity, thedifferential expressionof h(t)and
isshownintheformula(2):

dh(t)
dt
ds(t) _

e v, (t)= v(O)cosu

=v, ()= v(O)sina !

@

Thecoordinateexpression of theshot’smovingtra:
jectory isshowninformula(3):

(s0.00) = [y v, v, (et ®
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By equation (1) (2) and (3) we can solvethe hori-
zontal displacement (throwing distance degrees) as
showninformula(4) when: h(t)=0

. \/Zh(O)[v(O)COS(x]Z +|:V2(O)Sin 2012 , V(0)sin2a
g

29 29 4)
Theformula(4) showstherelated factorswith shot
throwing distancearetherdeasing anglea , releasing
speed v(0) and releasing height h(0); when these fac-
tors change the throwing distance degree will also
change.
Theoptimal solution of throwingangle

When there easing position and thekinetic energy
that shot hasarethe same, we believe the useful work
that playersdototheshot at earlier tagearethesame.
Assuming that in this condition how to sel ect the best
releasingangle, theformula(4) showsthefunction equa:
tion of throw distanceand thereleasing angle. We as-

sumethat s=f(a) and solve f(a.),.., . Accordingtothe

best val ue principleconduct derivation on f (e.) and ob-

taintheexpression of « whenthederivativevaueisoO,
thederivaiondetall isinformula(5):

%VZ(O)Sin(éla)—Zgh(o)Sm(za)
. 02N e a0z

2 ©)
8ghcosa . ,
\/VZ(O) +sin?(2a)
When /(o) = owehaveformula(6):
v(0)
tano = ————
o)+ v 0) ®
Optimumrelessingangleis & = arctan 0
gend gh(0)+ v*(0) )’
—V(O) <1 ;
because, ah(0)+ v*(0) so the releasing angle

should be less than g (45 degrees); but with thein-

creasing of thev(0) best releasing angleincreasesto-
ward 45 degrees, but cannot go beyond that value.
Meanwhiletheoptimal releasing angleisalsorelated
with theaccel eration of gravity and releasing position.

BioTechnology o

When the gravitational acceleration decreasesthere-
leasing angle should increase abit correspondingly,
which could helpimprove performance, whenthe ac-
celeration of gravity increasesit decreases conversdly;,
whenthegravitationa accelerationincreasesthereless-
ing angleshould decrease abit correspondingly, which
could helpimprove performance, whentheaccelera-
tion of gravity decreasesit increases conversaly.

PEAK VELOCITY DATAANALY SISOF
VARIOUSLINKSAT THE FINAL STAGE

Previous studiesshowed that about 80% of the ef-
fectson the shot rel easing speed comefrom thefinal
force, so research onthe biomechanical characteristics
of human variouslinksat thefind stageisnecessary. In
order tofacilitateresearch, thisarticledivided thefina
force stage of backward sliding shot put into the ac-
tionsof threetimeperiods, [T1, T2] representsatran-
sition phase, [ T2, T3] representstheright leg kicking
phase, [ T3, T4] representsthe upper limb pushing the
bal stage; four timesrespectively arethemomentsright
foot just landed, the moment | eft foot just landed, the
moment right foot just moved and themoment shot just
released.

By studying thefour athletesof men’sshot find and
test, eight playersof women’sshot fina, three athletes
of the decathlon third shot competition in 2006 Na-
tional Track and Fiedld Grand Prix inZhaoging and the
former fiveathletesof men’sshot find in 2005 thefourth
East Asian Games, the peak vel ocity change table of
physical variouslinksduring optimal forceprocessis
showninTABLE1:

SeenfromTABLE 1, inthefinal processof force,
athletes’ each link speed accumul atesand getsthe maxi-
mum speed when passed to therel easing point, asshown
inFgure3:

Figure 3 showsthat at thefinal stage of the back-
ward diding shot putting, the pesk vel ocity of each body
link from thetrend point of view isbottom-up, and fi-
nally the speed of therel easing shot reachesthe maxi-
mum.

For thetransfer mode of peak speedin TABLE 1:
hipjoint -> shoulder joint -> elbow joint -> wrist joint
-> hand -> shot. In the transfer process, we need to
study thetransfer effect of whichlink isthebest. Sup-
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TABLE 1: Thepeak speed and appear ancetimeof variousbody links

Name Hipjoint shoulder joint  elbow joint Wrist joint hand per formance

Peak valuetime Peak value time Peak value time Peak value time Peak value time Peak valuetime
Zhang Qi 201 020 621 032 108 032 1089 0.32 1145 0.32 1366 0.37
Jia Peng 323 020 6411 026 1095 026 1108 0.26 11.73 026 13.09 0.32
Shon Hyun 241 030 532 036 1093 036 1071 036 11.35 036 1254 0.42
Hatase Satoshi 259 020 573 028 1104 030 1061 030 1115 0.32 1215 0.37
Panggiao Taalin 283 024 598 028 1103 028 1080 0.28 1167 030 1239 0.35
Luan Wei 255 024 667 033 1068 034 1079 034 1154 035 1239 0.40
Zhang DeLin 289 031 594 030 1069 032 109 033 11.30 034 1230 0.40
Li Fu 241 021 657 023 954 023 962 025 1070 0.26 1074 0.32
Wang Jian Bo 244 026 614 031 971 030 1018 030 11.20 0.34 1113 0.37
Hao Ming 279 026 460 027 933 032 961 032 972 033 1074 0.38
LiuHa Bo 350 024 478 029 917 030 937 030 1058 032 1014 0.38
Li Ling 303 024 666 032 1030 026 1068 0.26 1263 032 1352 0.32
Li Feng Feng 268 033 638 038 1063 037 1060 037 1168 0.39 1264 044
Zhang Chun Jing 264 022 679 028 1099 026 1015 025 1073 026 1289 0.30
Yang Cui 313 023 542 032 1038 029 1042 029 1044 030 1292 0.35
LuYing 293 030 543 040 939 038 984 038 1119 039 1234 044
Jiang Li Min 300 04 578 050 971 049 1010 049 1073 050 1230 0.55
Yang Dan 239 031 526 037 1054 034 1021 034 1022 036 1227 0.40
YeNi Ya 238 010 487 024 952 028 881 028 950 036 1227 0.37

Note : The time T1 is zero value timing.

— isthesixthlink. Do onthematrix step by step, thefirst
it columnisal reducedto Oto obtainlink speed and then
incrementally increase coefficient matrix, denoted by.

15

0.00%
0.00%
0.00%
0.00%
0.00%

208.96%
89.16%
120.75%
121.24%
110.99%

74.88%
79.21%
105.45%
92.67%
77.14%

0.28%
1.19%
-2.01%
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-0.28%

5.14%
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5.98%
5.09%
6.18%
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16.13%

Figure3: Thespeed trendsof athletes’ each link

pose the peak speed of j the—th linksfor the j —th v 1=|000% 16157% 6012% 103% 6.95% 7.37%

) . ) 0.00% 10554% 79.97% 253% 3.10% 8.85%
athleteis, then canform amatrix of intheformula(7) 000% 17261% 4521% 084% 11.23% 037% | (8
below. 0.00% 151.64% 58.14% 4.84% 10.02% -0.62%

0.00% 64.87% 102.83% 3.00% 1.14% 10.49%

0.00% 33.15% 91.84% 2.18% 12.91% -4.16%
201 6.21 10.86 10.89 1145 13.66
323 6.11 1095 11.08 11.73 13.09 . .
241 532 1093 1071 1135 1254 In matnx_(8) repr@entsthegradua_\llylncreasecp-
2590 573 1104 1061 1115 1215 efficient matrix of peak velocity of dl links, thematrix
282 595 1054 1051 1116 1296 showsthat thelargest amplificationisinthe second col-

Vi=|255 667 1068 10.79 1154 12.39 umn, that is when the hip joint passed to the should

289 594 1069 1096 1130 1230 7 joint, thepeak velocity growsthefastest, followed by
241 657 954 962 1070 10.74 ..
044 614 971 1018 1120 1113 theg_ro_vvth rate of thesh(_)ulder joint passedt_otheel-
279 460 933 961 972 1074 bow joint, thegrowth rateistheminimum passing from
359 478 917 937 1058 10.14 theelbow joint to thewrist joint thesetwo links. From

the human anatomy and movement paternswecanaso

Matrix (7) representsfor the speed of 6linksfor  directly seethat theimpact of elbow onthewrist veloc-

11 athletes, thehipjoint isthefirst link, theshould joint
isthesecond link, theelbow joint isthethird link, the
wrig jointisthefourthlink, thehandisthefivelink, shot

ity isvery small, becausewrist and elbow isconnected
by theforearm; during handhel d shot processthe swing
of theforearmissmall isnot andissengitivereativeto
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thewrist speed transfer. Between the hip and the shoul -
der it can not only transfer speed, and shoulder has
rotation relativeto the hip; in the process of thewhole
body centroidrising, the hipjoint hasgood promotion
on the peak speed of shoulder joint. From the sixth
column of thematrix, one can seethemeritsof athletic
performance and the speed increase coefficient of the
hand ontheball arecorrelated to alarge extent, but do

as a;(i=012--,6j=012--,9 . Alsointhissection
isreferred to asreleasing angles, thiscombinationis
dsosaidas, for example A, = (11.00,1.651,0.722).
Accordingtotheinitial valuein TABLE 2, thesmu-
lated curves of nine combinations can be drawn as
showninFigure4.
Accordingtotheinitial valuein TABLE 2, thesmu-

TABLE 2: Shot releasing speed

Shot releasing speed

Category

11.00 11.50 12.00 12.50 13.0 13.50 14.00 14.50 15.00
1.651 0.722 0.724 0.734 0.736 0.738 0.740 0.741 0.743 0.751
1.700 0.720 0.723 0.734 0.735 0.737 0.739 0.741 0.742 0.760
; . 1.752 0.719 0.723 0.726 0.734 0.736 0.738 0.740 0.741 0.743
Releasing height 1799 0718 0722 0724 0733 0736 0738 0739 0741 0.742
1.853 0.717 0.720 0.723 0.734 0.735 0.737 0.739 0.740 0.742
1.900 0.717 0.720 0.723 0.726 0.734 0.736 0.738 0.740 0.741
releasing angle unit (rad)
91 - ParametricPlot[[11Cos[0.722] &, 1.65L +1185in(0.722] - 4.8 %], {t, 0, 2.51]

g7 = ParametricPlot[{11. 5Cos[0.724] £, 1.651 41150 54n[0.724] - 4.5 %}, {&, 0, 2.53]
93 - ParametricPlot[[12 Coa[0.T34] &, 1.651 +12 SIN[0.734] t - 4.9 7}, {t, 0, 2.51]
at - ParametricPlot[[12.5Cos[0.736] t, 1,651 +12.58in[0.756] - 4.5 £7}, [k, 0, 2.51]
9% = ParametricPlot[{13 Caa[0.736] £, 1.651 +1351n[0.738] £~ 4.9 7}, {t, 0, 2.51]
g6 = ParametricPlot[{13.9Cos[0.740] t, 1.651 + 13.951n[0.740] t - 4.9t%}, {t, 0, 3.5]]
47 - ParametricPlot[[14 Cos[0.T41] &, 1.651 + 12 5in[0.741] £ - 4.9 %}, {t, 0, 2.51]
g8 = ?avmtrmnntHu.:cu;[n.:43] t, 1.651 + 14.5 Sin[0.743] t - 4.51:";.. e, 0, :l.:\,|
9% - ParametricPlot[ {15 Con[D.THL] &, 1.651 + 15 SIn[0.751] t - 4.9 t%}, {t, 0, 2.51]

Bhow[gl, g, g3, gd, 95, g6, g7, gb, g3]

e,
Nk
RN

AR
i\‘:\\}\\\\\\
Figure 4 : The shot trajectory simulation of all

combinationsA; after releasing

not rule out someindividua cases.

THESHOT MOVING TRAJECTORY
SIMULATIONAFTER RELEASING

AsshowninTABLE 2, six athletes’ height hasbeen
s, based onindividual height factor and inthe case of
not changing releasing height carry out the record
achievementswith different releasing anglesand differ-
ent releasing speed.

Therdeasinganglein TABLE 2issetintheform of
coordinates, suchasthe 1¢ athlete’sreleasing height is
1.651m, releasing speedis11.00m/ s, releasing angle
isrepresented as, another example, the 2nd athlete’s
releasing height is1.700m, releasing speed is11.50m/
s, releasing angleisrepresented as, in turn expressed

110 = ParametricPlot[{11Coa[0.720] £, 1.7 11 8in[D.720] £- 4.9}, (£, 0, 2.5}]

711 = ParametricPlot|[{11.5Cas[0.723] £, 1.7 +11.5 83n[0.723] £ - 4.9 €7}, {t, O, 2.5}]
712 = ParametricPlot[{11Coa[0.734] £, 1.7 + 12 $in[0.734] £- 4.8 7], (£, 0, 2.5}]
12 = ParametricPlot[{19.5Coa[0.735] +, 1.7 +12 6 8in[0.735] £ - 2.9 ¢}, [t, 0, 2.5}]
714 = ParametricPlot[{13Coa[0.737] £, 1.7 - 13 5in[0.737] £- 4.9t7}, (t, 0, 2.5}]
A5 = ParametricPlot[{13.6Cos[0.735] +, 1.7+13.6 8in[0.738] £ - 4.9 6%}, (¢, 0, 2.5}]
716 = ParamctricPlot[{14 Coa[0.741] £, 1.7 + 14 5in[D.741] £- 4.9t%}, (t, 0, 2.5}]
717 = FarametTicPlot[{14.8Cos[0.742] 4, 1.7 +14.53 51n[0.742] t - 4.9 7}, %, 0, 2.53]
718 = FarametT1cFLot [{13 Cos[0. 760] t, 1.7 + 13 51010, 760] £~ 4.9t7}, (%, 0, 2.5}]
show [gld, gl1, gl2, gl3, gl4, g13, gl6, g17, gld]

Figure5: Theshot trajectory smulation of all combinations
A, after releasing

lated curves of nine combinations
A21'A22’A23'A24’A25'A26’A27’ A28'A29 can be dra/vn
asshowninFigure5.

Similarly, theshot trg ectory smulation of al com-
binations A, A, A4, A after rdleasingcanbedrawn,
showninFigure®6.

By thesmulationimagesin Figure4 ~Figure6, the
releasi ng speed, releasing location and releasing angle
have adecisiveinfluence on the shot’s movement tra-
jectory. Thegreater releasing speed and releasing height
is, the better the score becomes; rel easing angle con-
trolledininterval [41.5°, 44°] istheoptimal shot angle;
thegreater releasing angleis, thereleasing speed in-
creasesaccordingly. Computer smulation well shows

BioTechnology —
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Figure 6 : The shot trajectory simulation of all
combinationsA;;, A,;, A;;, A after releasing

therelationship of releasing angle, releasing location,
releasing angleand shot movement trgjectory.

CONCLUSIONS

The movement trgjectory of the body centroid and
the shot centroid should remain stableand largeampli-
tude beforereleasing, helping to improverace perfor-
mance; The shot rel easing speed and the movement’s
achievementsarein postivelinear corrdation; Thebest
releasing angleof shotisrelated tothegravity acceera:
tion, releasing vel ocity and re easing position; thegrester
thereleasing speedisthe closer thereleasing angleto
45 degrees, athletescongantly adjust therd easingangle
accordingtother growing strength; whenthereleasing
position changes, theoptimum rdeasing anglewill dso
change, whenthereleasing height increasesthereleas-
ingangleshould reduce accordingly, whenthereleasing
height decreasesviseverse; during thebackward glid-
ing shot put process, peak speed of variouslinksof the
human body increasesin accordance with theorder of
bottom-up, inwhich the peak velocity of elbow joint
on shoulder joint hasthe biggest rolein promoting; In
the compl ete backward gliding shot put technique, we
should a so pay attention to thetechnology of theleft
part of the body and the right part of the body, and
coordination can promote achievements of athletes; to
improvethe smoothness of the movement trgjectory of
the body centroid, you need to open two feet wide,
which helpstoimprovethe stability angle of the body
and makesthe body increasethe energy consumption;
When thelegsstand wideopen, it increasesthekicking
efficiency of theright leg, a so reducestherotationiner-
tiaduring therotation period of thebody, increasesac-
celeration distance of the shot, and promotes the
achievement; thecomputer smulation resultswdll illus-
tratethereationship betweenreleasing angle, releasing

————, FyLL PAPER
position, rel easing speed and the movement trgjectory.
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