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ABSTRACT

In China, shooting always is the key sports event. But shooting training
theoretical research doesn’t yet go deeper, relative to current achieved
performance, theoretical research is still in lagging state. Shooting before
competition training aspect theoretical research hasn’t yet formed into
system. The paper mainly discusses sports events’ shooting event,
shooting event includes fixed target and clay-target two events. To clay-
target, by making force analysis of clay-target, it gets clay-target makes
constant deceleration both in horizontal and vertical directions. To fixed
target event, by making force analysisof bullet, it getsbullet speed, ground
included angle, front sight to fixed target distance equation. On that basis,
it appliesfuzzy theory comprehensive eval uation method to discuss fuzzy
theory applied problems in selecting javelin training ways, in the hope of
providing certain mathematical method and quantity evidencefor selecting
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INTRODUCTION

Shooting isderived from hunting and military ac-
tivitiesasearliest. In 15" century, Switzerland hasever
hosted matchlock shooting competition. Before 1%
modern Olympic Gamesin1896, many European coun-
trieshave aready founded shooting associationsand
other organizations, and successively hosted shooting
competitions. In 1897, it hosted first session world
shooting championship. In July.15", 1998, international
shooting leaguewasfounded. Since 1968, it permitted
women athletes to attend Olympic Games shooting
event, but it didn’t set specid women event at that time,
they can play together with men. Since Olympic Games
in 1984, it started to found partiad women’sevents, and

in 1996, Olympic Games started to compl etely sepa-
rate men and women’s shooti ng competitions. Coun-
triesthat takeleading rolesin shooting event intheworld
are China, America, Russiaand Germany aswell as
other countries. Chinese shooting athletes have made
brilliant achievementsin Olympic Games, and totally
achieved 14 gold medd sin attended Olympic Games.
Itisworthy particular mentioned that inthe 23th Olym-
pic Games in 1984, shooter Xu Hai-Feng won the
champion that achieved first gold medal in Chinese
Olympic Gameshigtory.

By researching on shooting competitions, itisclear
that bullet movement trgectory actually isprojectile
movement trgectory. Projectilemovement isimportant
part of mechanics, asearly as morethan 2000 years,
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people has already started researching on projectile
movement, the main representative personage are
Arigtotle, Gdileo and others, and gained certain research
achievements. For example, Aristotle thought reasons
that projectile still moved after being out of handsis
dueto handsdrovesurrounding ar to make movements,
when it made projectile movement, projectile moved
forward by air driving after out of hand. Hisresearch
mainly carried out research from projectile movement
reasons aspects, and the research aremost deduction
and reasoning without real dataproofs. With physics
further devel opment and saientificleve sfurther improve-
ment, people have got new theory and research
achievements. Projectilegpplicationisverywiddy, such
asbasketbal shooting, rocket launchingandsoon. The
paper onthat basis, it establishes shooting dynamical
equation, it hopescan provide moreoptimized schemes
on previousshortcomings.

SHOOTINGDYNAMICAL EQUATION

At first make force analysis of bullet and get its
movement trgectory asfollowing Figure 1.

i

Figurel: Bullet movement trajectory

By aboveFigurel,itisclearthatinitia speedv is
decomposed intov, =vcosé ,V, =vsing . To the

fixed target shooting, assume bullet movement process
ignoresresi stanceinfluence; front sight that gets shoot
hasequa height with bull’seye, and bullet vertica di-
rectiondisplacements = H — h . Thedistance between
fixed target and shooter isrelativefurther, here only
consider bullet acrossits parabolasymmetry axisto
fixed target corresponding time. Makediscussonwith
vertical direction displacement s, and soletimet :

t=-2-2 H=h

a

—V, +4/VZ+2a(H-h
=—7 Y ( ) H=#h
a
And by displacement equation:
I = vt
s=v'yt+£at2
2

itgets.
|=-2Vi><v'x H=h

a
I=—vy+,/v§+2a(H—h) Haeh .

Tosumup, it getsshootingangle ¢ andfront sight
tofixedtarget distance | relationship:

V2
I=?sin(29) H=h

[yvZsin?6-2g(H —h) +vsine]
g

Therefore, after shooterstesting front sight to fixed
target distance, it can cal cul ate best shooting angle.

Thenext, to clay-target shooting, Smilarly at first it
makesforceand movement trgectory anaysis, asfol-
lowing Figure2.

Toresistancef , it maintainslinear air resistance.
Thereforep = Av'r , fromwhichy, isday-target speed,
r isclay-target radius. By abovefigure, itisclear that
clay-target movement trgectory isaparabola. Assume
that bullet shootingtimeist, At isdifferencebetween
clay-target throwing timeand bull et shootingtime, so
clay-target shootingtimeist + At . Thereupon, it gets

| = vcoso #h’

&

e /
Figure?2: Clay-target shooting for ceand movement traj ec-
tory graph

BioTechnology —

Hn Tudian Jounual



BTAIJ, 10(5) 2014

Hongsheng Zhao and Hong Zhang

1081

————, FyurrL PAPER

clay-target displacement equationis.
’I‘ =v,(t+at)+ %ay(t + At
]H =v,(t+At)+ %az(t + ALY

Among them, H and Figure 1 H are consistent,

a_
so| 5,

Dlves

. (@At +v,-v,)?
- (At +v, —v,) -

a,—a

(a,At + Vv, — Vy)2
—(a,At+V, - |
(@At +V, —v,)+ _z(az_a).(%z.(m)z—h]

a, —

r4

th2+(aZAt+v'Z—vy)t+azZ(At)z—hzo, it

t, =

t, =

When bulletinitial speed v islarger than clay-tar-
getinitid goeedy,/, bullet movement trgectory will liein
theright of symmetricline, clay-target movement tra-
jectory liesinsymmetricline’sfront haf or later hdf, as
following FHgure3.

Among them, A isshooter’sposition, D, E are
respectively clay-target getsshoot positioninthetime
t,,t,, thetwo point projectioninthegroundare C, D ,

therefore |, =1,, I; =1, =1, -1, .DuetotriangleABC
isrighttriangle, 1, = /17 +12 .Andbecause v, isverti-
cal toground, includeanglewith v is 3, and v hori-

zontal componentisv,, =vsin g.1, =v,, -t Andthen

combinest,,t, computing formulaand get:

)
It

< B

Figure3: Clay-target movement trajectory

—(azAt+v'Z—vy)—\/(azAt+v'z— y)z—zq—a)-(%-(mf—h]
a,—a
—(azAt+v;—vy)+\/(azm+v;—vy)2—aaz—a)-[zz-(At)z—h]
lr=Vy
| &2

Iy =vy

To sum up, the paper gets:

[vsine—v' sinu+[g+ Avr’;nu]_MJ

Avrsina
M

o 2
[vsi ne-v sinu+[g+ AWNT nuJ-At]

Avrsina Avrsing »
e

Avr sina.
MxvcosD

I = X VCoh —

[vsine—v'sinu+[g+AWNTml]-At]
l,= : xvsing +
2 Avrsina P
M

.o 2
[vsi ne—v sinu+{g+ Avr Sma]-At]
M
Avrsina Avrsina
M M

Avrsina.
MxvsinB

Therefore shooters according to clay-target initial
speed and vertical direction included angle, they can

get bullet shootingto D, E initia speed v and ground
included angled, 8, and select best shooting angle.

BEST SHOOTING TRAININGMETHOD

Duetofuzzy set theory judgment and selection on
thingsarestarting from membership thought, itisrela-
tivefit for fuzzy correlation degree description. And
membership function establishment iseasier to com-
binewith people’sexperiences. Therefore usefuzzy
comprehensive eval uation method can start from sub-
jectiveexperienceand get objectivebest shootingtrain-
ing method, and maketraining plansto meet athletes’
features. The paper takesfixed target shooting asan
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example; firstly it classifies shooting motionsinto six
motions, and gets motions set A as follow-

ing A={a,a,, -, ag}

Amongthem, g isgun holding method a, iscon-
tracting eyesand staringeven and straight motion, a, is
aimingareaentry motion, a, isgrippingmotion, a; is
aming motionand a, iscompetition rhythm.

Duetoathletes’ trainingtime, technical gpplied de-

grees, physica state, psychologica statusaredifferent,
the paper endows different weights on these six mo-

tions, and get fuzzy subset A={ £4, £, H} , from
whichy, =01, u©,=02, u,=01, u4,=01,
s =0.2and p, = 0.3.Andthen takedifferent train-
ing methods and composeset B={b,,---,b;} , from
whichb, isaimlessshootingontarget, b, isfixed target

shooting, b, isdisordered target shooting, b, isA type
target shooting, b;isB typetarget shooting, b, isam-
plified aming areatarget shooting, b, isdiminishedtar-

get shootingand b, isextended distance shooting. Uti-

lize membership to describe different training methods
effectson each technica motion, and divideitinto seven
grades: bestis 1, better is0.9, goodis0.7, quaifiedis
0.5, badis0.3, worseis0.1, worst isO. Establish tech-
nica motionsandtraining methodsfuzzy rdaiond table,
itcanrefer toTABLE 1.

By above, it getsrelation matrix:

1 05 03 05 03 01 0 05
0 09 01 09 07 09 07 03
07 07 09 1 09 03 1 1
05 07 05 03 07 01 01 09
07 07 07 09 1 05 07 1
0O 0 O 07 09 1 03 03

And byB=AR_ it

result B =(0.5,0.56,0.57,0.78,0.83,0.67,0.53,0.67) .Therefore

R=

gets evaluation

TABLE 1: Technical motionsand training methods’ fuzzy relations

Aimless Fixed Disordered Atype Btype Amplified  Diminished Extended
Item shooting target target target target aiming area Target distance
ontarget shooting shooting shooting shooting target shooting shooting  shooting
Gun holding method 1 0.5 0.3 0.5 0.3 0.1 0 0.5
Contracting eyes and staring even and straight motion 0 0.9 0.1 0.9 0.7 0.9 0.7 0.3
Aiming area entry motion 0.7 0.7 0.9 1 0.9 0.3 1 1
Gripping motion 0.5 0.7 0.5 0.3 0.7 0.1 0.1 0.9
Aiming motion 0.7 0.7 0.7 0.9 1 0.5 0.7 1
Competition rhythm 0 0 0 0.7 0.9 1 0.3 0.3

usethefourth and fifth itemstraining method are best.
CONCLUSIONS

The paper firstly uses mechanics projectile kine-
matical theory to build good theoretical basisfor two
kinds of shooting, and then researcheson shootingtrain-
ing methods, and gets better resultsthat provides sci-
entific evidencefor shooters’ training. Previous shoot-
ing training method generally appliestraditiona meth-
odsto screenwith experiences. Themethod solvessome
problemsintraining, but the selected training ways by
applying themethod may | et training periodsextend or
unnecessary repedt, let unit timetraining efficiency re-

duce. And, inimprovement and implementation pro-
cess, it dwayshas certain blindnessand randomness.
In order to better summarize experience, the paper’s
fuzzy theory actsdifferent waysor methods on differ-
ent training objects, it should highlight main contradic-
tion and al so take secondary factorsinto account in
training, which reducesblindnessfor shooting’straining
andlet it more scientific and systematic.
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