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Badminton smashing point position and smashing move relational
mechanical model research

LinLi
I nstitute of Physical Education, Huanghe Scienceand Technology College, Zhengzhou 450004, Henan, (CHINA)

ABSTRACT KEYWORDS
Badminton isbackbonefitness event in national fitnessindustry, the paper Badminton smashing;
carries out detailed analysis of badminton smashing technique, and Moment of momentum theorem;
analyzes from the perspectives of mechanical and geometrical analysis so Geometricmodel.

on. By mechanical analysis, it gets that when athlete makes smashing
move, athlete takes-off and arrives at top point, he should keep body
stable and reduce rotational angular speed, raise two legs and let gravity
center to be far away from rotational axis. Establish stable base between
racket and ball, and then construct geometric model, it gets when athlete
smashes, they should try to stretch arms to the right ahead and keep
vertical to hitting point, athlete’stake-off height getshigher, and probability
that all crosses net would be bigger, ball located hitting points are different
and presented trajectory and landing points after netting are also different.
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INTRODUCTION quently it achieved higher honorsinworld badminton
championshipsand badmintonworld cup.
However, summarize Chinese badminton develop-

ment from taking leading rolesintheworld to competi-

Chinese badminton takes|eading positionin the
world, and based on nationd fitness strategy, badmin-

ton ranksthe second in sportsevents participation, is
wel| received by nationa people. Badminton candrive
body each organ coordinate movements, let body to
get high-efficiency exercisngintheaspectsof strength,
gpeed, endurance and flexibility soon.

In recent years, Chinese badminton researchesare
mainly about techniques, strategies, current statusandy-
sisand other aspects. Researcheson specified actions
arerdativefewer. In relative “Chinese badminton brief
devel opment history”, Chinese badminton wasintro-
duced from European and American countriesto Chi-
nese some devel oped citiesaround 1910, and subse-

tion results of big rise and fall, and until now onthe
basi sthat Chinapositively devel ops badminton, Chi-
nese badminton have gained higher level acceptance,
and got excellent results.

MODEL ESTABLISHMENTS

Geometricmodel establishment
Accordingto geometric principle, it established bad-
minton smashing model, according to high strokeand

low strokedifferences, it getstrgectory figureand shoot-
ing down points positions, as Figure 1 show.
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Figurel: Get ball trajectory by high strokeand low stroke
differences

When athlete smashes, heshould try to stretcharms
to the right ahead and keep vertical to hitting point,
athlete’stake-off height gets higher, and probability that
ball crosses net would be bigger, ball located hitting
pointsaredifferent and presented trgectory and land-
ing pointsafter netting are also different, thereforeit
getslong serve and short serve, according to hitting

————)
pointsvertica heightsdifferences, the paper classfies
into six different height phasesthat arerespectively as
2.6,2.7,2.8,2.9,3.0, 3.1, and then according to hit-
ting point to net surface different vertical distances, it
getsTABLE 1.

By TABLE 1, itisclear that hitting pointsto net
surfacedigancesaredifferent, badmintonlanding points
dso havedifferences, athleteshitting heightsdifferences
canlet ball to havedifferent positionsafter crossingthe
Net.

L ow dropping ball’s smashing trajectory under
geometricmodel and shooting down point improve-
ments

Similarly, according to hitting point vertica heights
differences, the paper classifiesinto six different height
phasesthat arerespectively 2.6, 2.7, 2.8, 2.9, 3.0, 3.1,
then according to different vertical distances between
hitting point and net surface, it getsTABLE 2.

TABLE 1: Ball flying acrosslowest net point’slanding pointsdataindication

Vertical height/H 1.6 17 18 19 2.0 21
Distance between hitting point and net is 0.75m 17.23 9.07 6.15 4.65 3.74 312
Distance between hitting point and net is 0.5m 10.55 6.05 4.10 3.10 249 2.08
Distance between hitting point and net is 0.25m 5.78 3.02 2.05 155 1.25 1.04

TABLE 2: Ball landing point dataindication after shortening hitting point and vertical net surfacedistancefor 0.1m

Vertical height /H 16 17 18 19 20 21
Distance between hitting point and net 0.75m 45.16 25.01 12.73 9.45 5.6 3.15
Distance between hitting point and net 0.5m 6.32 2.89 2.68 248 157 0.68
Distance between hitting point and net 0.25m 8.98 6.58 4.08 312 2.95 1.68

By Figure2and TABLE 2, it isclear that shorten
hitting point and net vertical distancefor 0.1m, itisclear
that for low stroke, though only shorten hitting point
and net 0.1m vertical distance, ball shooting down po-
sitionshave great differences. Shooting down points
occursto great changesin the opponent area.

Figure?2: L ow dropping point smashing trajectory under
geometric model and shooting down point

Changehittingangle

Smashingrd easeangleisverticd enteringingg:, and
thebdl isalso not vertica entering into opponent field,
ingeneral, when athlete hits, heishitting with certain
angles and slant shooting the ball down to opponent
fidd.

Set hitting point and field edgevertical distanceis

0.5m, when athletehits, shiftsrightwards 45° and starts
hitting, it getshitting point to landing point distance Sis.

s=—9° _ 05 4 7072m

T cosd5 2 A

Meanwhile, When smashing deflectionangleis 30,
it getslanding point and hitting point vertica projection
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Hittingmoment ar msr otational inertiacalculation
By Lagrange equation, the paper gets constraint
particledynamicd equation, fromwhich Lagrangefunc-
tion_ issystemkinetic energy K and potential en-
ergy p generated differences:
L=K-P
Sysemdynamica equationis:

Figure3: Angular variation hitting points

i H d| oL oL .
distance Sis. F _dt[ag‘_ﬁqj i=12,L,n
05 05
S= c0s30 \/—y =0.574m Inaboveformula, (‘% iscorresponding speed, g; is
2 _— . , .
. kinetic energy and potentia energy coordinate, F. isj
AsFigure3shows. the dy and poternt ay ' 151

According to Figure 3show, it getsdataand estab- coordinateacting force, thigh and shank together with
lishesTABLE 3tomakeanaysis. coordinateaxisincluded anglesarerespectively 6,,0,,

TABLE 3: 6different hitting pointscrossing net lowest point landing pointsdata

X X
Angle Vertical angle 415 Drop point coordinate [ j 30° Drop point coordinate [ j
y y
11.15 11.45
1.65m 9.45m 12.45m 11.47m
11.15 6.24
6.05 6.02
1.75m 6.14m 8.57m 5.68m
6.05 3.476
4.12 4.08
1.85m 4.2m 5.6m 4.75m
4,12 2.356
3.25 3.08
1.95m 3.15m 4.37m 3.64m
3.25 1.86
2.18 2.48
2.05m 2.49m 3.52m 2.89m
2.18 142
1.95 2.05
2.15m 2.11m 2.98m 2.41m
1.95 1.47

lengthsarerespectively 1,1, , amsfront and back grav- {Xl =p,sin®; Y =p;cosd;

ity center positionto elbow joint center and kneejoint X2 ='15"01+p2sn(03+02) Y =1 0080, —p; o0, +0,)
distancesarerespectively p,, p, , thereforeitisknown Similarly, armsgravity center coordinate(X,,Y, )
that armsgravity center coordinate (X, , Y, )is canalso besolved. Systemkineticenergy E, andsys-
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tem potentia energy E, expressionsare;

1 &
Ek:Ekl+Ek2’Ek1:Ernlp12012
1 ,& 1 (& &Y & &&
Ekz=5mz|191 +5m2p2 0,+6, | +myl,p,| 0, + 6,0, |coso,

1
E,=E,+E,, Ey= Emlgpl(l— cosé, )

E,2 = Myap,[1-cos(6, +6,)]+ m,gl, (1- cosd, )

Writeaboveformulainto Lagrangefunction expres-
sion, by Lagrange system dynamical equation, it can
get hipjoint and kneejoint moment M, andM , as:
|:Mh} |:D11 D12}|: él :| |:D111 D122}|: 912 :|

= e o
M k D21 D22 92 D211 D222 922
D112 D121 9192 Dl
|:D212 Dzzj{ 9291 } +|: D2 }
InaboveformulaD;, isasfollowing result:
D, =0 D,,=0 D, =0
D, =m, p22
Dy, = mlp12 +m, IO§ + rrEllz + 2”5'1 p, Cos6,
D, =m,p; +m,p,c0s6, D, =m,p; +ml,p,Cos,
D, = (mlp1+ mzll) gsin¢91+ mzngsin(91+02)
Dy = _%ll P, sin 0,
Dy, = mzll P, sin 0,
Dy, = _ZrnZIl P, sin 0,
D,12 = Dy + Doy
D, = rrlzngsin(01+92)
Combinewith theoretica formula, when analyze

badminton player smashing, hand joint mechanical
movement, combining with shoulder joint and el bow

joint mechanica anaysisto makeresearch on badmin-
ton smashing technique.

Establish moment of momentum theor em modd

When apply mechanical conservationlaw to solve
problems, firstly it should sel ect reasonableresearch
objects, and make correct force analysis of research
objects, secondly onthebasisof forceanayss, refer-
ence conservation law to check problems, finally ac-
cording to consarvationlaw, establish equationand solve

—===w— FyLL PAPER

problems.
Set | tobeonerigid body rotationa inertia, it suf-
fersmoment |\ effects, fromwhich angular acceler-

ated speed S isconstant, therigid body at t, instant
angular speedis w, , therigidbody &t t, instant angular
speedis w, , it gets:

M=Ig=1%"%

2 _tl
Trandformand get:
M (tz _tl) =1 (wz _a)l)
When M = M (t),ithas.

M (t)(tz _tl) =1 (602 - a)l)
It getsmoment of momentum formula, fromwhich
M (t, —t,) isimpulsive moment, | ¢ ismoment of

momentum, fromformulg, itisclear that rigid body im-
pulsive moment variable and moment of momentum
variableareequd.

In moment of momentum theorem, timeand mo-
ment product isequa to impulsive moment which rep-
resents obj ect rotationa accumulative effect under ex-
terna forcesmoment. Angular speed and rotationd in-
ertiaproduct isrigid body rotating moment state. With
externa forcesmoment increasing and actingtimeen-
larging, rigid body rotating state changes are accord-
ingly increasing.

When human body moves, human body generated
rotationd inertiaischanging, duetorotationd variables’
changes, different time’srotationa inertiasarediffer-

ent, set t, indtant rotationa inertiais |, t, instant rota:
tional inertiais 1,, therefore above formula can be
changedinto:
MO, -t) =1,0,—1,0)
To human body motion law, it should mest:
lo=0,>MIt=0
Then enter into soaring phase, if human body meets:
o, +1,0,=0

In addition, it should also meet people rotates
around |, @, , thenthekind of movement formislength-
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wiserel ative movement, during smashing process, it
solvesthat human body moment of momentum vector
sumisO, accordingto correlation law we are clear that
human body will suffer ball acted areaction forcethat
| ets people generate moment of momentum, so that re-
duce smashing process forces sizes, so it is bad for
smashing stability; but if during smashing process, due
to body each part suffersactiveforceacting, it leadsto
rotationd inertiaincrease, and further it will generatean
advancing moment of momentum acting, according to
energy conservation law, we know that now human
body smilarly will generatean reactionforce, and fur-
ther let human body moverelativeto ball sothat in-
crease swinging armsdistance, and concentratewhole
body strengthto hit theball.

Inthewhol ehitting process, each limb will gener-
ate opposite directions but equal sizes moment, and
every pair can offset, when athletelands, sole part rap-
idly landsto support thewhol e body, meanwhileit will
occur abdomen contracting, knees bending to buffer
faling strength and make preparation for next motion.

Air angular speed changes, in casethat moment of
momentum remainsunchanged, rotational inertiawill
reducewith angular speed increases, when athletetekes-
off andflies, athlete himsealf can change hisrotationa
inertiato further control rotational angular speed.

Twist smashingissmashing though changing upper
body faced directionswhen athlete takes-of f and hits,
when athl etetakes-off, heshould increasehimself rota-
tiona angular speed, so athletetake-off legsarrive at
flat and straight, et gravity center and body rotational
axiscometotermsso that can reducerotationd inertia,
and further arrive at efficiency of increasing rotational
angular speed, and a the sametimeof taking-off, twist
upper body can dso continuetoincrease sdlf rotational
angular speed let contacted bal to bemorerapidly.

When athletetakes off and arrivesat peak, athlete
shouldtry to adjust body stability, let rotationd angular
gpeed to reduceasmuch aspossible, now, athleteshould
raise two legs backward, let gravity center to be far
away fromrotational axisand arriveat stabletouching
ball state.

CONCLUSION

Smashing bel ongsto badminton basi ¢ techniques,

isalsostrong offengvelinkagein badminton. Mechani-
cd anadyssof smashingisaso building bassfor further
researching and carrying out high efficiency competi-
tion strategic deployment. By geometric model estab-
lishment, it getswhen athl ete smashes, they should try
to stretch armsto theright ahead and keep vertical to
hitting point, athl ete’stake-off height getshigher, and
probability that ball crosses net would be bigger, ball
located hitting points are different and presented tra-
jectory and landing points after netting area so differ-
ent; therefore, the paper according to hitting pointsdif-
ferent vertical heights, it classifiesinto 2.6, 2.7, 2.8,
2.9, 3.0, 3.1sx different helghts phasesto make analy-
sis, which providestheoretical referencesfor athletes
and coaches proceeding with technical training.
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