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ABSTRACT KEYWORDS
Take Chinathe 11" national game 6 athletes’ shot putting whole process Back diding throw shot;
kinematics parameters as objects, establish speed distance model, carry Kinematics;
out kinematicsanalysis, and make comparison withworld excellent athletes’ Globa analysis;
parameters. Research found that Chinese athletes existing following Optimization mode!.

problems as big body swinging, small diding amplitude, left shoulder | eft
arm poor controlling, small hip rotational strength, small sports speed,
long transition time, weak muscle exertion explosiveness, unstable gravity
center, discontinuous motions and other problems. For these problems, it
makes following suggestions on back dliding method shot putting that is
reduce leg drive angle and included angle between two legs, enlarge dliding
phase sports amplitude, increase shoulder, hip, arm controlling ability,
increase body each part exertion positivist and stability, strengthen daily
training, increase body muscle explosive force. Increase body stability
and motions’ coherency. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Chinastarted late on shot event, and its devel op-
ment isalso relative s ow. With world sportsevent de-
velopment, Chinahasa so enlarged sportsevents’ con-
struction and devel opment. In China, men shot com-
paringwithwomen shot, isrdaivelagging. By far China
national gamemen athletes’ average level is 19.50m,
but comparingwith world averageleve of 20.50m, it
still hasagreat gap. Thoughin 2012 nationa game, it
had man athlete got good results of 20.15m, for na-
tiond averageleve, Chinamen shot movement deve -
opment isstill intherelative slow phase. In order to

propel Chinamen shot movement development, we
need to makefurther effortsand exploring, further im-
prove shot performance from technical aspect so that
promote Chinashot movement devel opment, therefore
our research isof important significance*9.

Shot event isnot only athlete strength combating,
but also morefor shot throwing techniques compari-
son. Shot throwing techniques, by far, the most used
including back diding, back in spot and sidediding®9.
While China athletes mostly use back dliding. The
method based on athl ete strength, with speed ascore.
Athleteindividua quality hasaready arrived at certain
levels, thereforewe should start from athletes’ speeds
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so that improve athletes’ overall levels. When shot
throwingforceisfixed, initid speed szesand directions
when throwing shot out of handsdecideshot flight dis-
tance®1, Shot throwing moment speed isrelated to
athlete shot throwing process. Athlete shot throwing
processincluding start from shot |eaves neck to shot
out of hands the whole phase?. Back dliding shot
throwing method can be divided into three phases as
diding phase, transition phaseand | ast exertion phase.
Among them, diding phaseisthebas c phaseof whole
technicad motions, it makesfully preparationfor transi-
tion phase and | ast exertion phase, let shot enter into
gportsstate. Transition phaseisthelinkageinwhole
process, it not only linksdiding phaseand last exertion
phase, meanwhileit et body forminto reasonable pos-
tures, and | et shot speed maintainand increase. That is
directly affecting whol e shot throwing process merits.
Last exertion phaseisthe uppermost segment in shot
throwing techniques, which directly affects gpeed when
shot out of hands and deci desthewhole process mer-
itg%d,

However, in Chinaresearcheson shot movements,
they aremostly concentrated on dliding phaseand last
exertion phase. Most are carrying out research on shot
a different stages, globd researchisrdativeless, which
let shot movementsresearchesand progresshave one-
nessand limits. While shot itself isakind of overall
movement, except for doing well in each phase, the
more important is the coherency of each phase mo-
tions. This paper meltsthewhole processinto an entity,
sdlect shot throwing overdl process some parameters
that greater affect results to carry out comparison.
Through parametersresearching, it makes compara-
tive eval uation on techniques merits. It further makes
technical improvement suggestions, so that improve
Chinashot putters’ technical training quality.

BACK SLIDINGTECHNIQUE KINEMATIC
ANALYSIS

Back diding shot throwingmethodismainly divided
into diding, transition, last exertion thesethree phase.
Itsbasic motiong¥ isright hand holding shot, back to-
wardsthrowing direction, left thigh swingsin theback,
meanwhileright legkicksout of ground, right foot dides
aongground tothecenter throwing parts, thenright leg
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fast inner buckling, left foot landswithinternd soleform-
inginto back final exertion starting posture. After that,
right foot kicks and turns, right hip rotates towards
throwing direction, let hip axisrotate above shoul der
axis, upper body formsinto tighten posture. Concen-
trate strength on shot gravity center, throwing shot out
at maximum speed and proper angle. Rough motions
asfollowingFigure 12,
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Figurel: Back slidingtechniqﬁe

Thewhole shot throwing process should ensure
athlete throwing shot strength islarge enough, mean-
whilecorrect exertion order. Correct exertionorder is
shank, thigh, wai st back each part, knee, hip, shoulder.
So that it can guarantee motion coherency, at the same
timelet shot throwing speed be big, anglebe optimal.

In October, 2009, the 11th national game, athlete
performance wasrel ative excellent that could roughly
represent Chinamodern phase shot putters’ basic lev-
els. Therefore, it takes October, 2009 the 11th national
game shot competition six athletesand world excellent
athletesasresearch obj ects, and extractsevery athlete
best trial throwing performance asresearch samples.
Nationa gamesix athlete’s basic status’ asfollowing
TABLE 1shows:

Throwing parameterstha decide shot throwing dis-
tance are mainly release speed (v) Orelease angle),
releaseheight(n), shot throwing distance S':

S=S,+S )

Amongthem, S' isshot ground projection point to
throwing arc distance, S isshot projectiledistanceaf-

ter out of hand, S, isshot leaving point land projection

point and projection circledistance. For the same ath-
lete, it hasfollowing computationa formula:

S= chse+(vsme+29H) 2
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TABLE 1: The1lth Chinanational game shot men athletes’ basic information

Name Date of birth Height Weight Ranking Performance
Jia Peng 1984.01 1.86 96 1 19.20
Guo Yan-Xiang 1987.01 1.92 127 2 19.11
Xu Zhong-Nan 1989.11 1.98 150 3 19.10
Wang Li-ke 1991.07 1.88 100 4 18.83
Wang Guang-Pu 1987.11 1.92 110 5 18.72
Ding Yong-Heng 1989.04 1.86 101 6 18.49

Accordingtoformula(2), itisknownthat shot fina
throwing distanceisrelated to height, angle and speed
when shot isout of hand. According to beforethrowing
shot essentia exerciseand kinematicsanalysig®®, ap-
point following indicators asreference parameters as
shot releaseheight, shot rel ease angle, body trunk front
lean angle, left shoulder back |ean angle, elbow joint
andtrunk included angle, left hip speed, right hip speed,
two thighsincluded angel, human body displacement
gravity center speed, | eft leg swinging speed, right leg
driveangle, center height gap.

SHOT THROWINGOPTIMIZATION MODEL
ESTABLISHMENT ANDAPPLICATION

Shat throwing three phasesareclosdy linked; there-
forewe cannot singleresearch from one phase. Make
comparison from each phase, then accordingto overal

way to analyze. Link each phaseinfluencestogether, it
conformsto shot throwing processintegraity and con-
tinuity.

Inorder to more preciseclear reflect athletes’ tech-
nical featuresand sports parameters, at the sametime
easier to research process cal cul ation, comparison,
anadys's, whenmakesvideoson athletes’ technical mo-

tions, dividetechniqueinto 5 phases. R 1 right leg out
of groundingtantaneous, R | rightleglandingingtanta:
neous, | | leftleglandinginstantaneous, | 1 leftleg
out of ground instantaneous, 0 1 shot out of hand in-
Santaneous.

Sliding phaseparametersanalysis

Sliding phase athl etes each sports parameters can
referto TABLE 2.
Sliding phaseiswhole shot throwing processpre-

TABLE 2: Sliding phase athletes’ parameters analysis

] ] Two thighs ] ]
Right leg Right knee ) Shot Shot Gravity center Gravity center
Name _ included , ] TimeS
driveangle(®) angle(®) height /s speedM/s  height gapMm speedM/s
angle(®)
Jia Peng 75.46 106.8 108.1 1.02 2.39 0.07 2.28 0.59
Guo
) 64.13 1215 88.4 0.94 2.78 0.06 247 0.43
Yan-Xiang
Xu
59.81 102.5 98.5 116 2.66 0.07 2.39 0.83
Zhong-Nan
Wang Li-ke 76.34 109.9 113.7 111 2.38 0.07 2.22 0.77
Wang
77.03 105.3 96.8 1.02 2.75 0.06 2.29 0.59
Guang-Pu
Ding
63.22 104.6 95.4 0.98 2.57 0.07 2.38 0.55
Yong-Heng
Average
69.33 108.5 100.2 1.04 2.58 0.06 234 0.62
value
S +7.301 Tes4 *906 *o117 Foi7e o016 *o1ss  toai77
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liminary phase. Indiding phase, in order tolet thelatter
two phasesget excellent resullts, it firstly should main-
tain stablegravity center, meanwhilelet shot horizonta
direction accel erated speed i ncreases as much as pos-
sble. By consulting, world excdllent athletes’ leg drive
anglenormally isbetween 55°and 59°, two thighs in-
cluded anglesvauesare between 99°and 116°. While
above TABLE 2indicates Chinaathletesaverageis
69.32°, from which the minimum is 59.8°, which is big-
ger than world normal level. Twolegsincluded angle
Chinaathletes’ are between 88.4°and 113.7°, average
valueis100.2°, which gets relative closer to world level.
Legdriveangleand two legsincuded angleaffect gravity
center stability. Thebigger legdriveangleis, thebigger
twolegs’ included angle is, the higher gravity center is
the unstablewould be, isnot hel pful for smoothly en-
teringinto latter phases. On the contrary, if control leg
driveanglein smaller range, shot and body received
horizonta component forcewould becomebig.
Therefore, it suggeststhat Chinaathl etes should
reduceleg driveangleintraining process, properly de-
creasetwo legsincluded angle so asto reduce gravity
center, and increase accel erated speed. Body gravity
center shifting Speed directly affectsshot shifting speed.
Soit shouldtry toimprovegravity center shifting speed
asmuch aspossible, it canimprove shot accelerated
speed. But if blindly only improvegravity center speed,
while shot speed cannot catch up with causing body

unstable, it will causeinfluences on subsequent phase.
It needsto improvegravity center accel erated speed,
meanwhileincrease shot accel erated speed, let itsac-
cel erated speedsgap reduce asmuch aspossible.

Transition phaseeach parameter analysis

Trangtion phaseislinking phasetodidingand fina
exertion phase. Thekey inthe phaseisto control and
handle with motion rhythms so asto smoothly enter
into final exertion phase. Important tasksin the phase
aretomaintain and properly add shot horizontal speed.
Trangtion phase athletes’ basic kinematics parameters
areasTABLE 3 shows.

Consultinginformation[5-8], itisdear that shot throw-
ingtrandtion phase, hip twisting beyond shoulder, inthis
way it ishelpful for hip driving shoulder, adding body
twist force, and body gravity center shifting speed, it can
increaseshot shifting gpeed. Andandyze TABLE 2 data,
itisclear that above6 ahletes’ hip leading shoulder mo-
tionhaven’t well completed. Root analysis might be when
left leglanding, body controllingleft shoulder and leftarm
isnot quitegood. It suggeststhat Chinaathletesadd | eft
shoulder and left arm controlling whentraining. Mean-
while, control hiptwigt strength, | et it goesbeyond shoul-
der, and drive shoulder twisting.

One point that cannot ignorein transition phaseis
trangitiontime. Excessvelongtrangtiontimewill loss
diding phase speed isnot helpful for shot and human

TABLE 3: Transition phaseathletes’basic parameters

Trunk L eft Right Left knee Right knee Right hip  Shot projection
shoulder angle(® angle(® angle(® oint and left | Transition
Name front lean back | landing gle) gle() gle® _ p i e(f "
ack lean supporting poin imes
angle(°) ngle®) RY LT RL LT Ry L SUPROTENOP
angle(®) distancem
Jia Peng- 51.06 53.28 96 155 169 106 113 131 142 112 0.15
Guo
) 53.13 56.15 90 149 161 129 155 139 147 1.19 0.17
Y an-Xiang
Xu
55.20 56.41 97 159 148 138 177 159 172 1.13 0.13
Zhong-Nan
Wang Li-ke ~ 57.34 65.82 87 180 169 126 141 121 128 0.99 0.15
Wang
60.03 65.84 79 167 146 129 159 157 159 1. 09 0.15
Guang-Pu
Ding
63.22 69.06 92 153 146 125 172 248 146 1.03 0.14
Y ong-Heng
Average
o 56.66 61.08 90.16 158.7 156 125 152 149 150 1.09 0.15
value
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body gravity center speed increasing and maintaining.
World excellent players’ transition time normally will
not beyond 0.12s, while Chinaplayersaveragetransi-
tiontimeis0.15s.Mainreasonisthat right leg drive
srengthissmall. Suggest Chinaathletesincreaseright
legdrivetraining. But right leg driving strength excess
largewill let gravity center unstablethat it needscertain
techniqueswhenkicking. Inthisphase, theimportantis
tomaintain gravity center stability, meanwhileadd kick-
ing strength, and shorten kickingtime.

Inleft leglanding right leg landing phase, athlete
each physical parametersareas TABLE 4 shows:

Research® shows, shot movement speed re-
duces10% per time, shot can bethrown 0.22-0.27m
further. Therefore, when throwing shot, it needstore-
duce shot speed waste as much as possible. Here it
can berealized by adding right hip speed. Above Table
4 datashowsright leglanding and left leglanding in-
stantaneous, right hip speed increasing isnot remark-
able, whichindicatesthat hip rotation isnot enough,
suggest athletesadding right hip rotation.

Less transition phase time, lower speed wastes
would be, thereforeit needs athletes reduce rotation
time, increasegravity center and shot Speeds. That needs
toincrease body activerotation. Inrotational process,
it also needsto keep gravity center stability. It hasgreat
relationshipswith body coordination and |l eft right leg
pedding and stretching aswell aslandingtime. Suggest
when athletesthrow shot, increaseright leg active ped-
aingand gretching, increaseright hiptwis strengthand
speed, enlargeleft leg landing force so asto maintain
body gravity center stability and motions coherency.

L ast exertion phasekinematicsanalysis
Final exertion phaseisshot throwingtota perfor-

————, FyurL PAPER

mance decisive phase. The phaserequireshuman body
concentrate wholebody strength on right hand, throw
shot out powerfully, and keep shot anglewhenit leaves
hands. To concentrate wholebody strength onleft hand,
let shot can throw at maximum speed and best speed, it
must let whole body exert according to correct exer-
tion order. Correct exertion order iship exerting, driv-
ingknee, anklejoint exerting, let thewholelower limbs
common acting on ground, finally trunk, upper limbs,
and finger powerful throwing shot out.

Final exertion accelerated phase, athletes’ body ki-
nematicsparametersareas TABLE 5 shows:

The phasefirst needsleft leg gppliesbrakeon body,
keep body stable. Right legand right hip positivemoves,
ensure that shot speed ratio wastes be minimum.
Through consulting relative documents®, world excel-
lent athletes’ during final exertion phase, shot running
distanceis1.5~1.8m, runningtimeis0.22s. Chinaplay-
ers’ shot running distance is 1.21+0.124m. T helarger shot
running distanceis, thelarger shot rel ease speed would
be. In the aspect, Chinaplayer isstill need to beim-
proved. It hasarel ationship with player sportsampli-
tude; therefore suggest athleteincreasesdiding phase
sportsamplitude. For shot accel erated speed running
time, itisthe sameasworld excdlent athletes’ average
leve.

Observeabove TABLE5, Chinaathletes’ gravity
center speedislarger thanworld excdlent athletes’ grav-
ity center shifting speed. Chinaathletesthrown shot
speed issmaller than world excellent athletesthrown
shot speed. Itindicatesthat Chinaathletes’ strength ex-
plosivenessissmall. Suggest Chinaathletes’ strength
physicd qudity traningat ordinary timesothat increase
muscle explosiveforce. Shot releasing moment each

TABLE 4: | phaseathletekinematic parameters

Name Right hip speed Left kneeangle(®) Right kneeangle(®) Right hip angle(®) Left leg
RY L RY Ld RY Ld RY Ld landing(®) L¢
Jia Peng- 2.27 2.14 2.22 2.14 2.20 212 2.96 2.32 49.47
Guo Yan-Xiang 222 2.15 2.13 2.05 2.12 2.23 2.79 2.26 46.73
Xu Zhong-Nan 2.15 2.10 2.22 2.14 2.08 197 2.54 221 50.62
Wang Li-ke 1.87 1.97 177 1.93 2.02 1.86 2.84 2.29 47.44
Wang Guang-Pu 1.86 1.98 1.87 1.87 1.86 1.78 2.35 2.40 57.29
Ding Yong-Heng  2.22 2.14 2.16 2.16 1.92 1.83 2.93 2.68 60.34
Average value 2.09 2.08 2.06 2.08 221 1.95 2.76 2.36 52.01
s LBioTechnology
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TABLE5: Last exertion phasekinematicsparameters

Shot running

Gravity center

Gravity center Shot Last exertion Shot running
Name . .

distance(M speed (M/9) speed (M/9) height (M) time(®) time(®
Jia Peng- 1.27 2.45 12.67 1.15 0.22 0.21
Guo Yan-Xiang 1.36 2.52 11.87 1.36 0.25 0.25
Xu Zhong-Nan 1.08 2.53 11.04 112 0.22 0.19
Wang Li-ke 1.14 2.35 10.59 1.18 0.28 0.24
Wang Guang-Pu 1.11 2.57 10.12 1.28 0.24 0.22
Ding Y ong-Heng 127 2.50 10.29 1.23 0.27 0.23
X 1.21 2.49 11.09 1.22 0.25 0.22
S 0.124 0.079 1.035 0.089 0.031 0.069
World excellent

1.53 241 12.61 1.32 0.19 0.22

player

item kinematics parameters can indirect reflect shot
throwing distance, andyzethese datacan deducewhat
shortcomingsathletes still have during shot throwing
whole process. Before shot rel easing shot each kine-
matics parametersareas TABLE 6 shows.

Chinaathletes’ shot release speed and release height
arelower than that of world excellent athletes. It also
generatesthrowing shot distanceissmaller. Thelarger
shot release speed is, the further shot flight distance
would be. Chinaathleterel ease speed lower reasonis
that diding and transition phase preparation work not
perfectimplementation.

Besides, when rel easing shot, body muscle exer-

tion explosivedegreeisaso animportant reason. Sug-
gest athletes strengthen expl osiveforcetraining, and
whole phase coherency and fast speed. Shot release
angleisnot thelarger the better, world excellent ath-
letes’ release angle normally are between 5 5. China
athletesareobvioustoo low. But athletescannot blindly
pursuit the best release angle. Release angle not only
has connectionswith motions coherency, speed Sizes,
but also have certain relationship with athl etes’ them-
selvesphysicd conditions. Chinaathletescomparewith
foreign athletes, height istoo short. Therefore, only sug-
gest Chinaathleteunder initid rel ease speed guarantee
circumstance, properly improverd easeangle. Themore

TABLE 6: Beforeshot releasing kinematics parameter s

Release height Last exertion speed
Name Performance Release speed (M'S)  Release angle(®)

(m) (m/s)
Jia Peng- 19.20 12.75 36.85 211 0.22
Guo Yan-Xiang 19.11 125 36.57 2.20 0.26
Xu Zhong-Nan 19.10 12.41 34.74 2.18 0.21
Wang Li-ke 18.83 12.14 34.85 2.13 0.29
Wang Guang-Pu 18.72 12.31 35.75 2.15 0.25
Ding Yong-Heng 18.49 12.38 35.65 213 0.27
X 18.90 12.42 35.66 2.15 0.25
S 0.336 0.206 1312 0.034 0.30
World excellent player 21.21 13.64 36.50 2.28 0.22
S 0.810 0.242 2.358 0.048 0.035
T 12.430 3.398 4.503 1.929
P 0.001 0.019 0.006 0.112
BioTechnology — o
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important isincreasing three phases’ coherency, body
stability. Sothat | et rel ease speed, height, angle best
cooperate, and get excellent results.

CONCLUSIONS

Through comparing Chinaathletesand world ex-
cdlent athletes’ kinematics parameters when throwing
shat, it get following conclusions (1) Chinaathletesleg
driveangleisbig, two legsincluded angleisbig that
causegravity center unstable. Body gravity center shifting
speed and shot accelerated speed issmall. (2) Transi-
tion phase: | eft shoul der and | eft arm poor controlling
ability, hip speedisnot big, which cannot drive shoul-
der moving. Right leg drive strength isnot enough that
causeslongtrangtiontime, itisnot hel pful for shot and
human gravity center speedincreasing and maintaining.
Left right leg landing phase, hipisnot rotating enough.
The processathl etes body stability maintainingisnot
well enough. (3) Fina exertion phase: Body exertion
order needsto beadjusted. Small diding phase move-
ment amplitudecausesshot runningdisancesmal. China
athletes shot throwing speed issmadll, indicates China
men athletes muscle handling explosivenessissmall.
Chinaathletes’ shot releasing height and angle are too
small. Throughout shot throwing whole process, China
athletemotion continuity needsto beimproved. Stabil-
ity needsto be strengthened. Chinaathletes’ body co-
ordination and positivity are not good enough.

According to athletesproblems and shot movement
features, combining Chinamen shot putters’ physical
quality features, we make following suggestions: (1)
Sliding phaserequiresathletesfirst should keep gravity
center stability, meanwhileincrease horizonta direction
accel erated speed. According to our country athlete
features, suggest to reduceleg drive angle, reduce cen-
ter height gap, meanwhile properly decreasetwolegs
included angle. Increasegravity center shifting speed
and shot speed, meanwhilelet thetwo gap decrease as
much aspossible. (2) Trangtion phase, inleft legland-
ing right legrising phase, suggest athletesincrease | eft
shoulder andleft arm controlling, control hipand should
twist force, let hip beyond and drive shoul der. Increase
right leg driveforce, increase body gravity center sta-
bility, shortenslegdrivetime. Inleftleglandingright leg
landing phase, suggest athleteincreaseright hip rota-

tional andtwist speed, increaseright leg active pedding
and stretching, increasing | eft leg landing force, keep
gravity center stability and motion coherency. (3) Fina
exertion phase, adjust correct exertion order, increase
diding phase sportsamplitude. Strengthen daily physi-
cal quality training, increase muscle explosiveforce.
Increase continuity of each phase, on the premise of
best coherency and maximum exertion; properly im-
prove shot rel ease speed and angle. Besides, to China
athletes theimportantistoincreasedally physica qudity
training, increase muscleexplosiveforce and gravity
center stability, phases’ continuity, so that it will helpful
for final shot releasing moment, it can become more
perfect, athlete can get more excellent performance.

REFERENCES
[1]
[2]
[3]
[4]
[5]
[6]
[7]

Geng Yue, Song Guang-Lin; Journal of Shandong

Physical Education Institute, 20(1), 56-57 (2004).

Wang Bao-cheng, Zhou Zhi-Xiong; China Sport Sci-

ence and Technology, 36(5), (2000).

Chen Jie-Min; Journal of Beijing Sport University,

28(5), 703-705 (2005).

Yang Jian; Journal of Beijing Sport University, 5,

(2010).

Zhou Hua-Feng; Joournal of Nanjing Institute of

Physical Education: Natural Science, 9(3), (2010).

Zhang Yingbo, MaMingcai, Li Liangbiao; Journal

of Beijing Sport University, 2, (1995).

Dong Haijun, SuMingli, Yan Botao, Han Jing, Xu

Chonggao; Journal of Capital College of Physical

Education, 21(4), (2009).

[8] Yeding; Journa of Chengdu Physical Education In-
stitute, 38(1), 79-82 (2012).

[9] Xiaomin Zhang; Journal of Chemical and Pharma-
ceutical Research, 5(12), 8-14 (2013).

[10] Wang Bo, Zhao Yulin; Journal of Chemical and Phar-
maceutical Research, 5(12), 21-26 (2013).

[11] Mingming Guo; Journal of Chemical and Pharma-
ceutical Research, 5(12), 64-69 (2013).

[12] Bing Zhang, S.Zhang, G.Lu; Journal of Chemical
and Pharmaceutical Research, 5(9), 256-262
(2013).

[13] Bing Zhang; Journal of Chemical and Pharmaceu-

tical Research, 5(2), 649-659 (2014).

s LBioTechnology

An Tudian Yourual



