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Research on mechanical model-based billiards stroking technique
affecting cue ball movement status after collision

Haikuan Wu
I nstitute of Physical Education, Northeast Normal Univer sity, Changchun 130024, (CHINA)

ABSTRACT

According to object movements corresponding physical laws, using rigid
body rotational and translational principles, through establishing
mechanical model, it carries out detailed research on cue ball each kind of
movement statuses when cue stroking cue ball from different parts, and
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makes quantitative calculation of cue stroking billiards different heights
influence on cue ball movement states, aswell as qualitative analyzes cue
ball movement statuses after it colliding with object ball. So that it plays
certain technical guiding rolesin athletes’ billiards techniqueimprovement.
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INTRODUCTION

In the beginning of 20" century, billiards game
started gradually becoming acompetitive sportsevent.
Asoneof itssymbals, billiardscompetition administra-
tive organizationsweresuccessvely founded in differ-
ent countriesand regionsintheworld. For example, in
1919, Britain founded itstop billiards organization—
Britainbilliardsunion; In 1940, world billiardsfedera-
tionwerefounded, it wasin chargeof internationa bil-
liards competitions, headquarterswas set on Brussels
in Belgium, administrative center in Barcelona, Spain.
In 1948, Americafounded American billiardsassocia-
tion, organization was set in Chicago. Theseorganiza-
tionsfounding haspropelled to billiards competitive
sportsdevelopment. During 30s, 40sin thiscentury,
billiards had ever been popular among Chinametro-
politan upper class. Since 1980s, billiards hasbecome
increesngly prevaentinaivil.

For asportsevent, 20 yearstime thoughitisfar
fromlong, itissufficient for experiencingfromrisngto
downturn then to revival thewhole process, such as
billiards. Unconscioudy, in China, thesportsevent well-
knownwith“elegant”, “gentlemen’ hasaready had 20
years history. Now, billiards hasjust become one of
Chinamast popular and most participantsportsevents.
Relative department statisticsdatashow that at present,
thereare 50 million people had ever played billiards,
25 million peopleoften play billiards, and 0.5to 1 mil-
lion peopleareplaying billiardsevery day in China. That
isto say, billiards popul arization degree even hasgone
beyond Chinanational ball tabletennig¥.

Withtheriseof Chinabilliardsnew star ininterna-
tiona competition court, billiardsincreasingly becomes
important contents of mass sports. When playing the
ball, reasonable using cue ways, meanwhilegrasping
strengthisquiteimportant. Strength grasping ultimately
istolet cueball hasgood positionsthat can be helpful
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for next sroking. Therefore, carry out relativemechanica
andysisof billiardsmovement, findsout itsmechanicd
lawsisvery necessary. Thispaper, for billiards move-
ment process some phasesforce statuses, it mainly uti-
lizetheoretical mechanicsknowledgeto maketheoreti-
cal analysis, anayze cue bal and object ball their re-
Spectivemovement statusafter thetwo colliding, imple-
ment cd culaing and andyzingwith theoretica mechanics
knowledgeasbasis, which providestheoretica guiding
and practicd suggestionson billiardsmovement popu-
larization and improvement@.

BILLIARDSBASIC TECHNIQUESAND
MODEL ESTABLISHMENT

Billiardsbasic techniquesincluding stop shot, top
spin, back spin, side spin, jJump shot and so on, while
many techniquesareevolved through these basi c tech-
niques, thispaper mainly discusses stop shot, top spin
and back spin. AnalysisisasFigure 1.

(2) When cuestrokes cue ball center position point C,
at thistime player strokes stop shot

(2) When cue strokes cue ball upside position semi-
circleareaA, at thistime player strokestop spin
andmiddle-highspin

(3) When cue strokes cue ball upside position semi-
circleareaB, at thistime player strokesback spin

(4) When cue strokes cue ball areabetween circle 1
and circle 2, at thistime player strokesout of cue.

Figurel: Techniqueanalysisgraphics
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Atfirst andyzecuebdl movement. Throughreso-
lution billiardsmovement inthetable, it can bedivided
into trand ation surrounding mass center and rotation
surrounding mass center.

Given billiards mass to be M, radiusto be R, it
statisticson horizontal table, player usescuecollides
sphereaong horizontd direction, givenimpact forceto
beF, horizontal turn right, anditsdistance from ball

2
center Cish, sohilliardssufferedimpulse P = I Fdt
1

thereforeimpulsive moment a ong clockwisedirection
IsJ=Ph, Carry out forceandyzing of billiards, itisknown
that billiardssuffered gravity forceMg(directionisver-
tical and turn downwards), positive

pressureF (directionisvertical and upwards), asFig-

ure 2 shows. According to theorem of moment of mo-
mentum, itisclear that ball hasa ongx positivedirec-

tion speed u, and angular speed w, (turning clock-
wise). Expressionisasfollowingformula(l):
Muy =P,log=J (1)

Stipulatethat positivedirectionisaong clockwise

2
direction, it getsrotationa inertial = 5 MR? bal lin-

ear speed V, isformula(2):
Vo =Ugy — Rag 2

Input formula(1) intoformula(2), and then it gets
formula(3):

P PhR P[ Sh]

M I M ®)

(1) Cuecollidescueball along center position

When h = 0 that cue collides cue ball along center
position, from aboveformulaitisclear:

P
u0=V0 =V (4)

®,=0 ®
In themoment that cue collidescueball, angular
speed w, = 0, cue ball movement islinear speed V|

trandation (hereimpulseisbigger, ignoringfrictionin-
fluence), when cue ball collideswith object ball, ac-
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cording to momentum conservation law, object ball gets
speed V , cue ball keeps static on spot, it strokes stop
shot at thistime.

(2) Cuestrokescueball in ball upper position

When cuecollideswith cueball aong upper position,
cue ball movement status can beanayzed according to
followingthreetypes

1) On thecondition that h=0.4R
Fromformula(3),itisclearVv, = 0,fromformula

(6), it givessphererotationa angleg

0 =t 6)
Billiardsforward movement speedisy,, itsangular

speed @, = VEO , (directionisanticlockwise), V  speed

directionisjust oppositeto tablefriction forcedirec-
tion. When cueball collideswith object bdl, it transfers
energy to object ball, itsangular speed decreases. The
kind of cuemethodiscalled push stroke, after playing
cueball and object ball distance are reduced.

2) On thecondition that h>0.4R
From aboveformula, it getshilliardsand table con-
tact point speedV, < 0, soit getsfrictionforceF; as:
Fr =uFy =uMg ()
Billiards torque along anticlockwise direction
isF; R.Accordingto theorem of moment of momen-

tum, it getsball accel erated speedy; , angular acceler-
ated speed ) as.

MU =puMg,léo =-pMgR )

u(t)= Ug + ul\l\//llgt Jo(t)=my - pgl\l/l Rt 9
Then at t time, billiards speed and angul ar speed

ae

ult)= -+ gt a(t)= T - BMEL

Andthenit hast time spherulespeed V (f) as:

7 P 5h
V(t)= ut)- Roft) = Lt +V{1—§}
Contact point speed V (t) changesfrom negativeto
zerowithtincreasing, fromformula(10) it can solve

1)

V=0timet, as:

(12)

————, FyurL PAPER
_2 P |50
2R

0=——— 1]>0
7 uMg
Whent>to, billiardsrollsclockwise. Billiardsspeedis.

u=pugt+u 2P 1+ﬂ
=Hgt+Uo=— R (13)
Angular speed along clockwisedirectionis:
ool 5Pl h
"R 7MR| R (14)

Atthistimecueball frictionforcedirectionisthe
same as speed direction, so cue ball speed increases,
after it collideswith object bal, cueball still hascertain
angular speed. The cue method iscalled punch; cue
ball and object ball distanceisquitefarther from play-
ing push stroking.

3) Onthecondition h<0.4R

Fromformula(3), it getsspeed Vo>0, spherule suf-
fered tablefrictionforcetowards x axisnegativedirec-

tion, that F, = —uMg , therefore spherule speed de-
creases, ball center torque (along clockwisedirection)
is F; R, accelerated speed and angular accelerated

speed are:
MU =-uMg,léd=pMgR (15)
Atttime, billiards speed and angular speed are:

u(t)=u0_ugt,0)(t)=o)o+w (16)
Spherulespeedis:
V(t)=u(t)- Rol(t) = %ugt 4 %[1_%} -

After amomentt,, V=0, fromformula(9), it can

get t, as:
, 2P 5h
tyg= —7|.tgl\/| [l_ﬁ] >0 (18)
Whent > {,, it solves:
U=pgho +Ug=—— 1+£
=Hdto T R (19)
5 P h
w(t,")=——|1-—
(t") 7RM[ R} (20)
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0 = wt

When cuebal smultaneoudy ownsdidingandrolling,
at thistimecuebd| suffered friction forceisopposteto
V  direction. After cueball collideswith object ball,
generatedfrictionforcewill let cueba continueto move
forward asmall distance. Cueball and object ball dis-
tanceissmdler than pushtrod, at thistimeit playsmiddle
high spin, the cue method can be used for short dis-
tanceand littlerange cue ball position.

(3) Cuestrokescueball alonglower position

Player usecuestroking billiardslower haf, asFig-
ure 3 show:

Figure2: Sroke sphereupper half

Figure3: Srokebilliardslower half
Impulseforce F and sphere center vertical distance
ish. After player stroking, billiardsinitial speed 1, and

P
initiad angular speed 4, = M'%

lar speed o, rotational speedistowards negetive).
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Ph
=—|—,(|n|t|d angu-

Atthistimebilliardsspeedis.
P PhR P 5h
V=y-Roy=—+—=—|1+—
Hom M= ™ M{ ZR} (21)

Atthistimebilliardspogtivemoves; it suffered fric-
tionforceisin negativedirection, frictionforcesize

isF; = -uMg, fromrigid body movement theoremand
theorem of moment of momentum, it gets:

M 1= —ugM, | &= ugMR (22)

MRt
= 29

u(t)=u, —ugt, W(t)=w,+
T timebilliardslinear speed, angular speed w(t) is
P
t)=—-—ugt
u(t) = ~uat,

Ph ugMRt 5/ ph
)= A F | e

From aboveformulait can get when (t)>O, billiards

P
movesin positivedirection, when i, = M—ug , cueball

speed u(t, )=0, when (t)<0, cueball movesin negative
direction. Inthebeginning, »(t) < 0, cueball makes

Ph
. . . t —
anticlockwiserotation, when'> MRug ’ angular speed

(t) = 0, cuebdl directionisclockwise.Oltisobvious
t, >t,,whent >t >t,,billiardsmovesin positivedi-
rection and makes clockwiserotation, and existssome
timet,,letbal speed v = 0, duringthetime, it surely
hassometime t,, billiardstrandation and rotation mu-

tual cooperated, it makesball and table contact point
speed v = 0, it can get:

V{17)~u(ts) - Rufty) - -vg g FIR S

Itsolves:

t" = 2 £1+5—h
° 7ugM M| 2R

Inthetime tg, billiardsmovement directionisposi-

ton =0 (25)

(26)
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tive, input t, intoformula(3.34), and thenit can get
sphere center uand w:

(27)

(28)

AssumeA ball isstroked by force F onitsbottom,
when t <t,, rotationdirectionisanticlockwise, cuebdl
movesin pogtivedirection. AsFigure4 shows. If inthe
time t*,A ball and B ball happento elastic collision,
dueto massisthe same, according to energy and mo-
mentum conservation law, it isknown after colliding,
two ball speed interconvert, A ball speedis0, B ball
moveswithA ball speed u. Duetotwo balssurfaceare
smoothly, it can get friction torqueisO, therefore after
collison, twobadls’ rotationd angular speedswould not
change, asFigure5 show. Then, after colliding, A bal
movesreversea ong x axisnegativedirection, rotationa
directionisanticlockwise, themethodisback spinbdl.
Inthefollowing, it analyzesafter dastic colliding, ball
movement situation. After colliding, A ball speed:

u" =0 (29)
Fromformula(23), it can get A ball angular speed

Figure4: Beforecolliding

Figure5: After colliding

" &
. Ph ugMR® 5[ Ph .
| | ZR[MR #9 } (30
ThenAball speedis:.
5| Ph
V=0-Row ==| ——ugt" |>0
Z{MR Hg } (31)

Cueball didesin positivedirection, soA ball fric-
tionforceisinnegativedirection, F, =—-ugM | cue
ball torque F; R isinclockwisedirection. Given col-
liding timeisO, after colliding t* time, A ball linear
speed 4, angular speed (' is:

M =—pgt (32
.+ MOMRt ., 5
=0 + =w +—ugt
0 =0 | ® 2Rﬂg (33)
It getsA ball speed as:
L . )
V =u-Ro =-ugt-Ro —E/Jgt (34)
When v’ = g, fromaboveformula, it can get:
- [ Ph gt*}
7ug| MR u (35)

When t > t*, it getspurerolling speed 4" and ) an-
gular speed as:

"—_§|:P_h_ gt*:l
] V=S

_i|:P_h_ gt*:l
7RI MR ¥

Accordingtoaboveanalysis, it can be concluded
that: after strokingA ball lower half, thesmaller ¢+ is,

when A ball makes negative purerolling, Cuebdl re-
verse speed would befaster, continuously movement
timewould aso belonger.

(36)

(37)

CONCLUSIONS

Billiardsinitsmovement process, it better followed
rigid body movement basiclaws, trainersonly correctly
master and apply billiards movement mechanicd prin-
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ciple, the elegant sports event could make consider-
ableachievement. Billiardsmovement, it canbeca cu-
|ation and ana yzed from trand ation and rotation two
aspects, translation followed rigid body mass center
movement theorem of momentum, and rotation followed
rigid body trandational theorem of moment of momen-
tum. Safety stroking arearangeisup to table surface
and cuetips’ staticfriction coefficients, for billiardsen-
thusiasts, stroking areasd ected intherangeof billiards
envisagecirclespherical surface0.6R range, generdly
mi scue phenomenon would not happen. Reasonable
stroking position and gppropriate stroking strength, not
only can decide object bal movement routeand achieve
scores, but d so creste conditionsfor next srokethrough
cueball ided position. Incueball and object bal posi-
tivecollisontechnique, cuebdl postionismanlyimple-
mented by changing cueball rotationd speed, whilecue
ball rotational speed isdecided by cueacting cueball
impulseand stroking angle. In cue ball and object ball
obliquecollisontechnique, it normaly achievescuebal
positionsthrough controlling deviaion angles.

Inactud billiardstechnique, billiardskindsof games
exploitation, when programming and designing, it can
referencethispaper achieved result. Theresearch has
acertainguiding significanceto billiardsbeginners. It
can avoid beginnersunguestioning training and have
targeted training aswell asimprove cue methods’ ac-
curacy and proficiency degree, so that potting can be
remarkableimproved.
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