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ABSTRACT KEYWORDS
Under the hypothesis of billiards fully elastic collision, apply basic Billiards;
theoretical mechanics principle carrying out analysis of movement law Best position;

Physical dynamics;
Integral equation.

after cue ball colliding object ball and before cue ball collidestable side, it
gives cue ball movement control equation during this period. Use Matlab
simulation analyzing cue ball mass center speed and rotational angular
speed influence on its movement trajectory. Then use geometrical method
and trigonometric function knowledge structure, it puts forward object
ball selection ways in playing aren best table net, through comparing o
sizerelations, it gets conclusionswhether stroking wai st pocket or stroking
bottom pocket. Therefore, after making clear object ball entering net and
judging, it researcheson cue ball position after it colliding with object ball
by physical dynamics and integration method, so that it can successfully
set barrier for opponent stroking after ensuring own party potting. It

improves billiards movement success rate to large extent.
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INTRODUCTION

Billiardsisnot only akind of leisureindoors sports
activity, but alsowell favored by peopleand received
peoplewidely attentions, meanwhile, it isa so competi-
tioneventininternationa professiona competition, the
Asian Gamesand other major sporting competition,
revealing huge sports charm meanwhile caused influ-
ence cannot beignored. From the perspective of re-
|ated somedocumentsresearch, by far, Chinaresearches
onhilliardsthesportsarejust getting Sarted, many theo-
retical knowledgeisnot deep enough and no system-
atical technical level improving method. Inbilliards, it
includeslotsof scientific principle. Someresearchers

adopt basic mechanics principleto implement sports
dynamicsanaysisof billiards cue bal and object ball
rotations, and analyzes some movement formsof cue
bal after it collidingwith object bdl, it get someredtive
guiding conclusionsfor billiardstraining®3. But dueto
resultsarerelativeindistinct, and it a so existssome
problemsthat need to discusson fina cueball move-
ment direction and path conclusions. With regard to cue
ba | movement way laws problemsafter beingimpacted
by cue, LiuWen-Rui®® and other researchersinthear-
ticle“Billiardsmechanicsanadys sunder impul seeffect-
ing” relativebroadly andyzed somecuebal sportsforms
after it colliding with object ball; WangYun-Ying[4] in
thearticle““Mechanicd problemsinbilliardsmovement”
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a 50 systematicdly anayzed when stroking cuebdll dif-
ferent positionsand beforecolliding with object ba | by
cueeffecting, cueball rotationd angular soeed and mass
center speed relative change laws> 7.

However with computer popularization and appli-
cation, after amulation billiardsexploitationingamehas
rapidly devel opment, someresearchershavebegunto
engageinresearch computer billiardsgamebasi c meth-
odsintroduction’>¢. Dueto network gamefast devel-
opment, billiardsenthus astshave higher and higher re-
guests on simul ated billiards game accuracy, it asks
higher for researchers, which needsto carry out more
deeply and systematically research on billiardsmove-
ment trgjectory. Duetoin billiardsmovement, cueball
positionsarevery important, cueball positionevenis
decisivefor aframeball successor failure; because
one success position not only can build tricky barrier
for opponent potting, but a so can fight for power time
to attack for them. It getscorrect seizing for own party
victory. Therefore, onthe premiseguaranteepotting rete,
itisvery important to carry out detailed, correct theo-
retical research on movement ways after cueball col-
lidingwith object ba 89,

Therefore, on the basis of previous researches
theory, through billiardsmovement basic physical me-
chanicstheory, let billiardsenthus asts can more deeply
understand ball movement law. Based on this, the pa-
per researchesonwhich bal net to enter in playing aren
for cueball and object ball and makespogitioning, after
potting rate ensured, it researches cue ball movement
lawsafter it colliding with object ball onthe condition
of trandationand turning.

BILLIARDSMOVEMENT WAY AND ME-
CHANICSBASIC PRINCIPLEANALYSIS

Armssdtrength let cuestroke cueball, after that it let
cuebdl changeinreflected angle, rotation, separated
angleand other directions. Inthisway;, itlet billiardson
thetable suffer different friction forces, activeforces,
after callisonit formsinto different movement ways,
but these movement stateis composed of basic trans-
lationandturning.

Billiards can beregarded as even mass sphere; its
mass center isitsgeometric center (ball center). Ac-
cording to theoretical mechanics mass center move-

ment theorem theory, it isclear that billiards suffered
external forceisreflected by ball center movement
ways, becauseball each point and mass center move-
ment arethe samethat form into trandation and meet
momentum prind plerequests, whichishilliardssuffered
externa forcecolliding, itsjoint forceimpul seisequa
to momentumvariable, it can get formula(l):
F-At=m(V,-V,) 1)
But for billiardsthat sufferedjoint external force
not through ball center, ball each point not only turns
around itsball center, but also should makesametrans-
lationwithbal center, fromtheoreticd mechanicstheory,
itisknown that the turning conformsto moment of mo-
mentum theorem, bal under externd forceeffecting, its
joint forceimpulsivemoment isequal to ball angular
momentum changes, it getsformula(2):
Fer-At=1(w, =W;) F-At=mV @
To smplify movement, assumeitsinitia angular
speed and linear speed are zero, the paper defines 9
asstroke Ay angle here; and assume cue horizontal
strokesobject ball (al following mentioned areassum-
ing horizontd stroke), impact point and ball center con-
nected line and cue included angle is ¢ and

—90° < 9 < 90°. Then(l), (2) changeintoformula(3),

(4):
F.At=mV 3
F-R-Atsn@=1-w @)

CUEBALLAND OBJECT BALL PLAYING
AREN BEST NET SELECTION

Assumebhilliardsand billiardstable havenofriction
forceimpact, meanwhileitisthought that billiardscolli-
sonsdl arefully dastic collision (restitution coefficient
is1), inthisway after two ballscolliding, they would
moveintwo ball center connected linedirection after
collidingmoment. AsFigure 1 show. InFigure 1, num-
ber 1isstroke ball sphere center initia location; num-
ber 2 isobject ball sphere center initia location, num-
ber 3 and number 4 is sphere center location changes
inthe moment strokeball colliding with object ball; in
figure s314- ~¢ isplayer stroking normal slip angle,
/324 = ¢ iscorresponding object ball anglechange
after being stroked out.

s BioTechnology

An Tudian Yourual



374

Billiards stroke best position selection counter measurements research based on dynamics

BTAIJ, 10(3) 2014

FULL PAPER o

£

o

Q

S

o,

9,

Figurel: Billiardsplaying aren best net selection

InA123, as-
suUme21=1,23=2q,/213=a,/T21=0,31=b, there-

fore it can solve according cosine

law:b = 422 +1% + 4al cos@ -
InA314, fromsinelaw, it getsformula(5):

34/sin Za=14/sin £134 ®)
WhileinisoscelesA234, 234 approximatesto

] 2soinputs /134 =60 —a— -/ 2into (5) and con-
sdering Aa . It getsminimum, and can get formula(6):
34=-b/cos/231/a (6

InisoscelesA 234, A@ isminimum, so canget for-
mula(7):
A =34/2a ™
Input (6) into (7), it can
oet: AQ =—(b/2acos/231)- Aa

For certain object ballsand stroke balls, we can
select to stroke wai st pocket or bottom pocket, there-
foreafter consdering thetwo cases, it can writeabove
formulaintoformula(8):

AB; =—(b/2acos(£231),)-Aa

{(£231); e (n/2,m))i=12} (8)
Dueto A@ generated object ball divergencein

goamouthisformula(9):

AS,; =—(b; / 2acos(£231);)- Aa- m; 9)
Meanwhilegoal to object ball, its corresponding

practica widthis d, sinb (d, iswaist pocket and bot-
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tom pocket, 1iswaist pocket, 2 isbottom pocket, b
asFigure 1 shows). Record formula(10):
I;=d;sinb; - 2a (10)
Therefore, itisclear when| < 0, ball cannot pot.
Thenfrom: Q =-2a(d, sinb —2a)cos(~/231), /b -Aa-m (i =1,2)
According aboveagorithm, it can get conclusions
by comparing comparative coefficient Q sizesaswell
asmakesclear it should strokewai st pocket or bottom
pocket, therefore, whenQ, < Q, , player should select

to stroke waist pocket. Wheng, > q,, player should
select to stroke bottom pocket, wheng, = q,, stroke
waist pocket or bottom pocket isavailable. Meanwhile
it can aso adopt BASIC program more correctly get-
ting best probability which goa should object bal pot,
it providesinitia correct guiding for athletesstroke se-
lection, bellow providesprogram flow Figure 2.

TRANSLATIONAND TURNING CASES
CUEBALL MOVEMENTS

After learning playing aren ball best net entry
position’sselection, it startsto research how to stroke
and after stroking ball movement status. Establish co-
ordinate axisasFigure 3 show.

V, iscueball mass center speed, defining along x
axispodtivedirection aspostive; w;, isrotationa speed
that cueball surroundsitsmasscenter, defining clock-
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Begin

v

Enter the main ball and target position coordinates

v

determine: b, m,.d,. £(231),

v

Determine

_ —2a(d,sinb, —2a)cos £(231),

& (i=12)
mb,
Print: Hit the print: Hitting
pouches strong bottom bag

l@” > 0, 0, <0, l

End

Figure2: BASIC programflow chart

wiseaspodtive; f isdidingfrictionforce between cue
ball andtable, definingaong x axispostivedirection
aspositive. Let cueball radiustober , massism, did-
ing friction coefficient between tableand cueball is
gravity accelerated speed isg . From theoretical me-

A\’
\un
= V3
0 }* s

Figure3: Cueball movement analysis

chanics knowledge, it is clear that on the condition
r-w, >V, , cuebal and tablecontact point movement
directionis x axisnegativedirection, thus, tableeffects
pogtivefrictionforceoncuebdl,itgets f = umg ; when

r-w, =V,, cueball ispurerolling, at thistime, table
and cue ball have no friction force; and when
r-w,<v,, cue ball, it getsf =umg; when

r-w, =V,, cueball ispurerolling, at thistime, table
and cue ball have no friction force; and when
r-w, <V,,cueball and tablecontact point movement

directionis x axispodtivedirection, a thistime, table
effects negative friction force on cue ball, it

gets f =—umg . Below arerespectively carrying out
solution on cueball three movement ways.
Whenr -w;, > v, cueball motion equation

Atthistime, positivefrictionforceexisting between
tableand cueball, cue ball movement way is.

fet=m(v—v,) (1)
—feret=J3-(w—wy) (12)
f =umg (13)

Fromwhich, v, iscueball mass center instanta-

neous speed, W, isinstantaneousrotational angular

speed that cue ball surrounds masscenter, j = % mris

cuebdll rotationd inertiato masscenter horizontd.

When v =w-r, cuebal startsto make pureroll-
ing, cuebdl and tablein contact point position haveno
rel ative movement tendency, sodidingfrictionforce f
iszero, cuebdl will stop moving under resistance (bal
and tablerolling friction resistanceand air resistance
etc.) effecting after rolling some distance; asfor cue
bdl movement distancefrom purerallingtosatisticsuch
time phase, it has no great influenceson cueball long
distance position, which ignored in the paper. From
equation (11), (12), (13) and conditionthat v =w-r , it
cansolvedidingfrictionforceactingtime t, asformula
(14):

(14)
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Figure4: Cueball and obj ect ball movement schematicfigure

Input (14) into(11), it can solvecuebdl pureralling
moment mass center speed v, asformula(15):

5 2
V1=7V0+7F-WO (15)

Whentimet < t,, from (11) and (13), it can solve
formula(16):
V=Vg+pgt (16)

According aboveconclusions, it getscueball dis-
placement asformula(17):

r]vdt=vt+lyt2(t<t1)
o 0ol -

17

S 2 2
j“vdt+jlvldt __ 20 A 2ATw) +[v1:Evu+gr ~WO}(t>t1)
o VT, a0u, 49, 49, 7077

Whenr - w, =V, cueball motion equation

Atthistime, tableand cueball frictionforceiszero,
cueball stopsmoving under resistance (air resi stance,
rollingfrictionresstanceetc.) effects. Cueball displace-
ment can beformula(18):

t
S, = Iol vdt = vt (18)

Whenr - w, <V, cueball motion equation

Atthistime, tableand cueball exist postivefriction

forcethat isformula(19):
f =—umg (19

Whentimet < t,, from (11) and (19), it can solve
formula(20):
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(20)

Accordingto (11), (12), (14), (15), (19), (20) simi-
larly it can solve cue ball motion equation asformula
(22):

4 1
ju vt = vt +Eygt2(t <t,)

(21)

2 L Ar 2(rw,)?

S
'["vdt+'[tv1dt e
0 ‘1 49u, A9u,

+[v1=§vo+gr -WO}(t>t1)
49u, 707

From aboveequation, it can get conclusonsthat cue
bal movement distancewill decressewithdidingfriction
coefficient wincreasing, and it increaseswith masscen-
ter initial speedincreasing. Meanwhileit can solvebdl
movement journey to definehow largeforce should be
used and how larger trand ational and rotationa speed
would be generated to better positioning cue ball and
object ball. Therefore, select proper position playscer-
tain referencerolesin designing snooker for opponent.

InFigure3, Liscuebal, 2isown party object ball,
304 areopponentsbalsoncal. When cueball strokes
No.2 object ball into waist pocket, the cue ball can
rebound into one of 3left sideor right sidetwo loca
tions, so that blocksNo.3 ball and No.4 ball let them
cannot smoothly pot into net. It gainstimefor own party,
largely increasing winning probability. But meanwhileit
requiresathleteswith good coordination, seizing ability
on strength, so under theoretica basisguarantee, it so
needs athl etesthemsel ves strengthen training so asto
increaseoverdl adjusting ability.

CONCLUSIONS

The paper at first assumesthat cue bal and object
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ball makeé astic collision, then researchescueball and
object bal playing aren best net selection; it provides
BASIC language programming deduction resultsinto
compuiter for calculation. Inthisway it only needsto
input cuebal and object bal position coordinates, then
computer will show strokewhich pocketismorehelp-
ful. Therefore in training, added computer guiding
stroke, it can cultivate athletes’ sphere sense, improve
their stroking accuracy rate. Thispaper dso carriesout
dynamicstheoretical analysisof movement trgectory
after cueball collidingobject bdl, amilarlyit can make
use of Matlab researching cue ball mass center speed
and rotational angular speed influenceson cuebal mo-
tion trgjectory, it getsfollowing conclusions: (1) If cue
ball doesn’t collidetable side, without considering | eft
rotation or right rotation influenceson cueball motion
trajectory, therefore the paper provides cueball con-
trol equation that can definecuebal | motion trgectory
after colliding. (2) After cueball and object ball collid-
ing, mass center speed and rotational angular speed
havegreat influencesonitstrgectory, whichthebigger
mass center speed is, the smaller rotational angular
speedis, and then cue ball trgjectory will get closer to
cuebal and object ball common tangent.
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