Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2014, 6(3):1105-1114

_ ISSN : 0975-7384
Research Article CODEN(USA) : JCPRC5

Monte carlo experimental research on table tennis size affects paddler
experience sense and audience or namental

Jianguo Liu

School of Physical Education and Science, Qufu Mdbbiiversity, Qufu, Shandong, China

ABSTRACT

Different diameters’ table tennis bring out paddidifferent experience qualities, meanwhile it giaalience
different ornamental quality. Take paddler univérsarve strength 40N as striking force, accordiagnformation,
it works out that best visual table tennis shiftieffect is 13.09 m/s and table tennis best radsuddmm.Then
consider from paddler hitting percentage, tablentercollides the table, the bigger original routeviation angle is,
the more difficult paddle receive would be, so fleater times of back and forth would be. Basechamtheory, with
the same strength, calculate diameter 40mm tabiaisecollides table deviation angle is 16.1°, di&@ne38mm
table tennis collides table deviation angle is 32<b that define 40mm table tennis has an advantagr 38mm
table tennis. Finally by Monte Carlo simulation eximent defines that best table tennis radius imdR2
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INTRODUCTION

Any one sport event should have higher ornamefitiierwise, it will lose audience. And sport evettist lose
audience are no vitality. With regard to table ishaudience has deceasing tendency since 1970kg, tannis
technical ornamental research has already beconmaportant subject in table tennis theoretical ey¢h order to
increase table tennis air resistance in flyingwsttown its running speed in competition so thatieh further

increasing and enriching table tennis professiqgraaidlers 'striking techniques and skills, finallyciease table
tennis competitions overall ornamental, internaldable tennis federation let international taielenis professional
tournament official table tennis adopted diameterdase from 38mm to 40mmm in 2000. However, thmicg of

“large ball era” has always suffered table tenmiaahes and paddlers disputes. To solve the prolii&inese and
foreign scholars always adopt investigation methmatyy out simple statistical analysis of resulppeared by
paddler using two kinds of table tennis [1-3]. Thbuit can solve these problems, shortcoming skisteon

theoretical aspects.

National associated scientific committee reseaschave made “different diameters and weights taiais affect
striking speed and rotation experiment”. Experimeoriclusions are big diameter table tennis’ speeslower than
that of small diameter one, while its rotation isaker than that of small diameter one; for sameneliar table
tennis, large weight and elastic force one haskguispeed and stronger rotation than small weigtitedastic force
one. In Feb.23rd, 2000, international table tefederation extraordinary general meeting and caghave passed
40mm large ball reform scheme in Kuala Lumpur, dedithat table tennis competition would use diamé&@enm,
weight 2.7g large ball to substitute 38mm small balce Oct.1, 2000 that was also after Sydney Olympic Games
[4-6].

To further improve table tennis paddler experimgudlity and audience ornamental quality, analyidetdennis

features from mechanics perspective, utilize compuataking simulation on table tennis dynamic preces that
find best table tennis diameter.
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MODEL DESIGN

In order to find out 38mm and 40mm such two tabtints differences in paddler experience sense arah@ntal,
convert problems into researching two table teimispeed, rotation as well as its dropping to ogmbrtable and
bounce generates angle offset problems. Adopt mécharinciple, research table tennis initial moestnsituation
and rebound movement trajectory, and establish tafde tennis models based on that as table temitigl i
movement model and rebound trajectory model [7-9].

Prepar ation before model establishment

In international formal competitions, internatiortable tennis federation normally adopt length 2i@4evidth
152.5cm, height 76cm, net height 15.25 cm tabldsigsre 1 shows [1]. When serving table tennishibuld first
through its own table, then bounce to opponentetabiough net. In continuously striking, table tisnshould
directly drop to opponent table without throughatsn table. These are basic rules.

Net Height: 15.25 cm

Length: 274 cm

Width: 152.5 cm

Height: 76 cm

- Net Overhang: 1525 cm
Figure 1: Table tennistable schematic figure
Conditional assumption in researching:
® Except table tennis diameter is variable, otherd@@ns not changing that table tennis competitialple tennis

table, net, rule and competition environment afli@ege current international table tennis federaitypulation;
® Table tennis hardness owns rigidity, and massibigton is evenly.

Use symbol explanation in researching process teféable 1.

Table 1: Symbol convention

m Table tennis mass R Table tennis diameter

\ Table tennis running speed o Table tennis angular speed

| refer to rotational inertia r Table tennis nasli

u Friction coefficient f Friction force

J impulse 9 deflection angle
v, swinging speed F Table tennis suffered joint force

Table tennis ornamental sense model establishment and solution
Because racket affects table tennis mechanicaysisas extremely complicated, in order to simpfifpblems, this
paper ignores all very little action force, nowwse that racket effects on table tennis are twoeeffects that are

vertical to racket forcE  as well as table tennis and racket tangentiaﬂdilicn‘orcef , and table tennis initial speed
and angular speed are 0.Let table tennis mass t8'heliameter aR. As Figure 2 shows, let racket and horizontal
included angle to b‘g time that racket effects on table tenni& aswinging speed 342, 10].

Figure 2: Racket initial parameter analysisfigure

to

to
Forcef impulse in the timeto isj0 that expressed by

I : _ _ _ Fdt
tF impulse in the tlmetO is IO that
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expressed byI F.F goes through table tennis mass center and tanwiihtsf and table tennis, therefore friction
R R o
force f generates table tennis a torqu%, f torque’s impulsive moment in the timté) is2®° | that
R 2 ., _R
Sl : o le=omr(r=2) oy
is2 .Table tennis mass center rotational inertia is 3 2" end speed along F direction is VF, end
. . .V ‘ .
speed alongf direction is ', end angular speed 4 .According to momentum theorem and angular
momentum theorem, it can get following formula:
lr =mv. -0
(=mv, -0
BIf =l.w-0
2 (1)
Solve
I
ve =5
m )
I
v, =—
m 3
_RI, _3I,
21, mR @)
Further deduce formula (4), it gets:
DI 3l 0
wzifzif:i t fdt:%f :%/JF
21, mR mR mR mR )5

In formula, H expresses friction coefﬁciemu( value normally is 0.5~0.8 [3], According to the aed) this paper
1

B} =
valueg! = 085) " 100C second [4].

Table tennis competition appreciation perspective analysis. Table tennis competitions’ ornamental mainly are
related to technical quality, tactics changes, paddstrument and stroking motion aesthetic petioapas well as
competition times and other factors. But for reskgroblems, it mainly analyzes from table teneishnical mass
that is to evaluate 38mm and 40mm two differentrditers table tennis ornamental through analyzibtg teennis
speed and turns.

Because most of audience selects to watch tabfesteompetitions by TV, only consider competitiomamental
watching by TV, and audience best translationaliaiisngle i$0°/S[5], While viewing angle that watches TV is
not changing, root cause of changing is camera exdes certain included angle that moves with taklenis
movement, therefore regard camera as human egles 30°rotation as best point, according to datedicates
that general camera distance from competition cmuground 25meters[6]. Therefore best audienceses¢able

3000 x2rx25=1309m/s
tennis movement speed & .

— -3
Analysis when diameter is 38mni"'(C 25¢10 kg) . Assume that outside world vertical force onleéatennis is
I Ft, 40 1
= =X

=_F =
F=40N,s0  m

m  25x10° 100C=16M's
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3 1

w= 3 < % x 065% 40
According to formula (5), it gets: 2.5%x107x38x1C™ 100(

—g21.05ad/s

(M= 279x107kg ).

Analysis when diameter is 40mm Similarly  assume F =a0N,

I _Ft,_ 40 1

V. =—F=_0=

so, M m 279x10° 100(=143369N/ S

w= _33 <X 1 . 065x40
2.79x10°x40x10°  100( —gog.93ad/s

Through comparing 38mm and 40m¥F  with 13.09m/s, it is obviously that adopt 40mmrdéer table tennis is
more ornamental.

Judge competition is wonderful or not, it tendsh@ck whether there are many two paddlers backati times
or not, according to data indication, it is cleaattapplause would appear when paddlers have b&xiBand forth
times [6], therefore evaluate audience ornamergallie up to paddlers back and forth times, the rback and
force times are, the happier audience would bensrare normally related to paddlers’ strength alet tennis
speed as well as deflection angle. The faster siggedatle fewer turns would be; the larger tablenierdeflection
angle is, the larger difficulties receive would likee fewer turns would be. Through 4.2.2.1 analgsiswell as
following deflection angle analysis, it shows td&mm diameter table tennis speed is slower tham38mmeter
table tennis, and deflection angle is also smalan 38mm diameter table tennis, therefore 40mmeliar table
tennis would let competition turns increasing, arease ornamental.

Paddler experience sense and best diameter model establishment and solution

Through above model analysis, it gets that 40mmndtar table tennis is really better than 38mm diamt&ble
tennis in ornamental perspective, but it doesnlvesgaddler experience sense and best table tehameter
problems.

Table tennis running trajectory analysis: In movement process, table tennis mainly suffersettiorces influences
that are respectively gravity, air resistance aratjMus force, as Figure 3 shows.

Figure 3: Table tennisforce dissolution figure

Among them, G shows gravity!:'\/I shows Magnus force,F

movement speed® shows table tennis angular speed.

D shows air resistance\,’ shows table tennis

F=G+F, +F, (6)
Fo =~Mgk ™
1 2
Fo === ACo (TR)?|Mv
2 (8)
In formula, P shows air density,CD shows resistance coefﬁcienB shows table tennis radius. According to

— 2
Magnus formulas,Fn = P27R)"(wxV)

1108



Jianguo Liu J. Chem. Pharm. Res,, 2014, 6(3):1105-1114

Table tennis rebound model establishment and solution: It mainly researches movement speed, angular speed,
linear speed as well as impulse change situatiefardy, during and after table tennis drops to téblexplain table
tennis deflection angle. As Figure 4 variable sylmpit shows each variable change before and tdtde tennis

drops to table.
i A
.//

Figure4: Variable change situations before and after tabletennisdropsto table

In Figure 4,V andV shows table tennis speed* and & shows table tennis angular speddiand

' . : J . _
U shows table tennis and table relative speed; shows impulse caused by table fnctlot{zshows upwards
impulse.

When table tennis is stroking from one party totheo party’s table and fast rebounds, table tenmsement

speed’ direction and angular spe€d direction will occur to deflection, which woulddé to table tennis running
trajectory shifts comparing to original runningjéetory. While different diameters’ table tennisisad table tennis

running trajectory offset anglgs different. By researching different diameters ¢aténnis deflection angles, to
define paddlers’ experience sense and audiencenemtal brought by 38mm and 40mm two table tennisdefine
best table tennis diameter. Corresponding tabl@ideand racket angle offset model has already grdye
experiment [8].This paper based on the model; &shatable tennis and table angle offset models.

According to previous analyzed table tennis runnimyvement speedl and angular speéd, it gets table tennis
parallel to table speed when takes movement, its expression is:

u=v,, +(wxr) ©)

V. L .
In formula, ¥ representsV projection in coordinat8®Y plane.
According to table tennis rigidness hypothesisleténnis spee¥l vertical direction component expression is

V, =-év, (10)

In formula, \/Z represents after table tennis reboundiNgvertical direction speed,vz represents before
rebounding V vertical direction speed€ represents elastic deformation coefficient.

Table tennis impulse in coordindf®Y plane has connections with impulse t Positive coordinate axis direction
that can express with following formula:

Jy =M,
Jul (11)

In formula (11), ™ represents impulse in Coordin&8Y plane, J; represents impulse i axis positive
direction, H and represents table tennis and table slidintjdricoefficient.
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According to impulse-momentum theorem:

mv -mv=J 12)
As well as angular momentum and rotational ingatiaciple:
la'-la=rxJ (13)
Get two equations as:
J, = —m(1+ £)v (14)
D

(15)

In formula (15), Y represents speed when table tennis touches table.

Due to table tennis and table touching time isegshort, we assume that¥ isn't changing when table tennis
touches table. Therefore establi$h and 4 proportion relationship, the expression is:

U':CV'(CZO)

(16)
Through formula (10) (15) and (16), it can get:
5

s =i-go
17

a=u QA+ £>| |

Among them, ” ”

Through combining formula (12) (13) and (17), ingget V and v relationship:

VvV =Av+Bw (18)
o =AVvV+Bw (19)

In physics, when© >0 shows it is sliding friction status, but this pagen’t get involved in physical constraints
of C sizes.

1-a 0 O 0O ar O
A= 0 1-a B,=|-ar 0 O
0 0 ¢ 0 0 O
And
0 _sa 0 l—y 0 0
2r 2 -
A= B,=| 0 1-2- 0
2r 2
0 0 1

In physics, C<0 indicates it is rolling friction status. Whér™ 0, u'= 0, table tennis is fully rolling .At this
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=2
time, 5 .Since rolling status is zero sliding constraiatss, so:
3 2
3 £ -= — 00
20 0 0 ¢r o 5 5
5 3 2 0
_ 3 B =| -5y |2 B =0 =
A=0 T 0| B=g A=l g v 5
0 0 -¢ 0 0 0 0
, And:

nginq cosb, +§rHaﬂsin¢)2 cosb,
Vv = E\M\sinqcosel —%rHaﬂsin% cosb,

— &V

z

From (16) and (17), it gets:

Among them, 91 (q, 92, 2 respectively shows spe€d and z axis included angle, speed projection in xy

plane and x axis included angle, expresses angpked* and z axis included angle, angular spéedrojection
in Xy plane and x axis included angle, as Figure 5.

The ball is not deflected route

/

pro
- sl = ... The ball deflected route
L 2 -
T
K—.
Figure5: Deflection angle (serve)

In case tha?l, ¢1, 92, % are the same,Aﬁ becomes bigger, then it indicates when table tetaniches table,
it is prone to get deflection, and it is more diffit to predict remote curve after table tennidides with table, then
paddler is also more difficult to stroke the tabdmnis, back and forth times would be more and nieveer,
audience ornamental quality not high; Since it iffiadilt to stroke expected received table tennimddler

Deflection angle

Vv,
AF = Vy
Then deflection angle expressionis  "x.

experience mass is also not high. For 38mm and 4@ommparison, with regard tc?l, ﬂ, 92, 2 these four
variables, since paddlers’ stroking ways are diffier table tennis and table colliding angles ase different, we

first take random values 0?1, ¢i, 6’2, % respectively as 30°, 50°, 30°, 20él938:35.1°, Az940:16.1°. It is

clear that38mm deflection angle is larger than thigh 40mm, so that is to say 38mm table tennimdse difficult
to stroke than 40mm table tennis.

Best radius selection: Just as previous deflection angle problems, V\%enﬂ, 92, % these four variables stil
value as 30°, 50°, 30°, 20°, change table tennitsathen it can get following one tendency fegythat deflection
angles changing followed by radius, figure as felloy Figure 6:
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Deflection angle with the radius

=
=
T

Offset angle

15 | | | | A 1 | I |
001 0012 0.014 0016 0018 002 0022 0024 0026 0.028 003
radius

Figure 6: Table tennis best radius selection figure
It is found when r=21mm, that is to say when tablais diameter changes into 42mm, table tenniect&fn angle
is the minimum one. It is also thought when taklenis diameter changes into 42mm; it is paddletr &gserience
radius. Because best visual angular speed isf@./(fg, similarly can get best running radius is 42mm.

MODEL TEST RESEARCH
Above result is defined in case angle is fixedolder to get more precise calculation result arvige above four

angles size from 0 to 90° at random so that de\‘ﬁi\e ¢1, 92, (2 different situations best radius, when test
times is 100, running result is 42 mm diameteredbhnis is best table tennis that accounts for,65%ar higher
than other types table tennis. Calculation resudtsi following Figure 7 shows.

Achieved acrogs 100 Mante - Carlo simulation

B5%

Figure 7: 100 times testing Monte Carlo simulation result

When testing times is 500, simulation result stilicates that 42mm diameter table tennis is thst table tennis
that accounts for 68%, is far higher than otheesyfable tennis. Running result is as followinguiFég8 shows.

Achieved acrogs 500 Monte - Carlo simulation

38mm G

BB%

Figure 8: 500 times testing Monte Carlo simulation result

When testing times is 1000, simulation result gtilicates that 42mm diameter table tennis is & table tennis
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that accounts for 70%, is far higher than otheegyfable tennis. Running result is as followinguiFég9 shows.

Achieved acrass 1000 Monte - Carlo simulation

70%

Figure 9: 1000 times testing Monte Carlo smulation result

When testing times is 1500, simulation result #tiflicates that 42mm diameter table tennis is & table tennis
that accounts for 70%, is far higher than otheesyfable tennis. Running result is as followinguiFégl0 shows.

Achieved across 1500 Mante - Carlo simulation

0%

Figure 10: 1500 times testing Monte Carlo simulation result

When simulation times arrive more than 1000, thieré0% probability that best radius is 42mm, fanest30%

probability why it is not 42mm, we thin@l, ﬂ, 02, 2 .values between 0 and 90°, some might not valaé bu
still takes, such as table tennis might not veftioaable and stroke upwards, but to sum up i detst radius is
42mm.

CONCLUSION

Through applying table tennis movement model, areinodel movement speed and angle, and took péepte
ornamental table tennis running speed (1:§Td§) as measurement criterion, it got that runningespat

14.3366'”/S diameter 40mm table tennis ornamental result maddyantage over that running speed dfnf§
diameter 38mm table tennis. Meanwhile, only tookespas measurement criterion, it was obvious thaird table
tennis speed was slower that was more helpful fatdfer experiencing. By establishing table teneisound
trajectory model to measure different diametertetédnnis rebound angle offsets, it got that taémis with 42mm
diameter had the lowest offset that can improvedfgadexperience sense more. And through differéandters
table tennis Monte Carlo simulation, it got thatn#@ diameter table tennis accounted for largest guegage,
therefore 42mm diameter table tennis was the bbt tennis.
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