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A Study on Golf Ball Spin Mechanism at Impact
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It is important to improve the initial launch conditions of golf ball at impact between golf club
and ball to get a long flight distance. The flight distance is greatly influenced by the initial launch
conditions such as ball speed, launch angle and back spin rate. It is also important to analyze the
mechanism of ball spin to improve the initial conditions of golf ball. Back spin rate is created by
the contact time and force. Previous studies showed that the contact force is determined as the
resultant force of the reaction forces normal and tangential to the club face at the contact point.
The normal force causes the compression and restitution of ball, and the tangential force creates
the spin. Especially, the tangential force is known to take either positive or negative values as the
ball rolls and slides along the club face during impact. Although the positive and negative tangential
forces are known to create and reduce the back spin rate, respectively, the mechanism of ball spin
creation has not yet been discussed in detail in the literature. In this paper, the influence of the
contact force between golf club and ball is investigated to analyze the mechanism of impact. For
this purpose, the contact force and time at impact between golf club head and ball are computed
using FEM and compared with previous resuits. In addition, we investigate the impact phenomenon
between golf club head and ball by FEM and clarify the mechanism of ball spin creation accurately,

particularly focusing on the effect of negative tangential force on ball spin rate.
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Table 1 Inconsistent results on contact forces at
impact between ball and club head
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2 46g A7t "k

Fig. 1ol Yehd RAAY HAG FTIE 73
A4S A o9 Jle §HA 248 s
4 1 JiSE FARRS 691270, @ BEL 2592
Az WEelch 71%—91 EREAN T 84F YE

PY

fl

§ FAREN 2 FE FHA 2000~7,0000 A=
2 red ’6’-’] f_’_%-g Hrh ZgsA gopr7) 4

A 712 =EROE ¢ £F3 Uk a2da
T A o)y Feay FEL AFAHC=,
T A9 Reded 3 FEe vy e B
gajsigict. vl ol9} & H|UHA 1F

9 AFE :i?ﬂ 517) 918 AH&-51F Mooney-Rivlin &
olu A8 AlG 2k Hocknell®

==
©® 2=
=20 A2

[e]
Ege

Hel dA
Azt wEba =etolu e A
e 2RE S . of
BEas @A 3484 e AS sl
y3, wek sjjo) o] Folxict
G7} g waa 2Ye
x=2 x—l_g.s}u:]k] 3]])\4_0_
Be 5 TS 72U FHoz UKl YTk 2
nE 7Rk V)& 47ARe) 4R Hng JuA
115°2 A8 ot Bae saiolve) B
wgd 2 gnez}zq =ajoljo] AFHc i
oue] Qre AAst ol wlojglE A Feloln
A =2toln] 1T‘5§°ﬂ gh3o] Hojg FATHE W5
Atk &4 AFE 326040%, e AZL HE
FoE AZFS 210g ARTY BHE [,=1,526

gem’2 Bo =2jolu} zkh vz,

3. retassiy



23N oA FAd o]gs uEoz
EBAE AXNEUT). o] Jorgensen®o] AA]
I gded Fo] AR RE fHe AFNE
o) gste] YERAST,
= geo] Qe 11 ARLES Fo €
22 2= TR WEo] dohh: Fe
% de =39 J3ix FHI=st FHo)e
02 olfH I& 7}zsﬂx]z] gty Az
E} st W FEae B¢ 2gdE
% $EHe WA Peon ¥ 4 9o 2
2914 Yehlize] g3y A FHs=9 &%
&3] %éalCJ A% M3 ST HE] po}o)
re 2Ydze &% pe| WEE o
o] ““‘o*«l TEFE F A R
ded, 2 hve FHA=9 &%
Mwoln, E e ¥ 3% i 4
mU cosa ojt}. ety 25 AZ o] wrgo] S5
of REHTE Vol et et e 42
T7F Ak

MV = MW +mU cosa 6))]

ok ofy

lu
)
2
It
r|r

L__.o°‘ Ao

L ol gl o WY o > O
2 e

m}n ok

—{Oll ool’

oot

O

u oft mr

239 £58 SYuojzy FANgo 2 vy
1 A7) Veospolth 3H FyPHolay R
YT £EF Vsingo] "t} Y =g J|FoR &
Holz FFNA BHH F ZYdo)lx BL ma
A2 AR 9 whFo] Qv F& fFo=
A&3A Vsingd £E2 £ Aotk 3y
npgo] FE3 Attd IS EYdolx BAE
TE7] AFE, 5= Xt oy FAgsie
npgelo] o3t FAHT Fx P FFo W
< A2 Zong i 7L £48& & 5 I,

[Foydt = my, - mv, ©
oJRRE TLIY FHEE T F U o
I v BEFTY 2GRN, v HFES

14 \\ w

Fig. 2 Vector of club and ball at impact

458/8t= &

SNUESSHS=2T/A 178 A5 3, 20074

& [FOdg go) ez s 22
FE F B ol 4 250 B B3 24 @
E 4 e o= [FORI 3 g9y, 74 3%
Hog o ¥t 7 £ERE Wz o] B3 27
S 2t} Wby o] £ 7hx oo] gomz ohe
32 A 98 % o

[F(O)Rdt = 0.4mR*w = 0.4mRv, 3
4714 04mR’w & FAF W3 T HH B

BHECl RS W] Sl AR Boiw, A (
S )& Bl UL} 2L AL IA "ok

N oXx

[FRar=R jF(r)dt = Rm(v, —v,) =0.4mRv, (4)

5
v2 = 7 vl (5)

£X vor vy B} A htsbd Fo| Felrhe
¢ mpREe] AeFqozN JUAE glo] WF L,
d T2 quUR7t AMEEU7] HEolch 4
(6)8 ol&3td TZFo] FYPdolA9 FET o,
AR A gethe Hold FXFo] Egdolx
£ w28 ke £EE AMNE 4 9k A
= 29 d=d WY £57} VsinpolBg2 F
ZFol EHHOIAE wd o £5& T FIUY

=7} FstiL Bgre o iVsinM g 23
U Az e TR A ANES HY 2
ZFo] 2ol FEY u, 44 Az X
aA TP FHOREE FYHo|2 A
AR g8 o MxSHT A Fopdd. o]F
A B WA Bo] Xzt we WP, EAS A
Aate Ao thgw) o] ulite] Fojokut wit}.

[F(OR)dt =0.4mRv, < [F(o)Rat

= R [F(t)dt = Rm(v, —v,)

A(6) o sk ExFo] FY FH=E Wy o,



i
(W
o

4 5 A 20 A A7 A7

F JEIFH A B dFE0e PR Fe2 ¥

l

E %stinw} s, A74 £ & B9 Az

s BHozyE Mol Hd WollA St U

dem dd 47T 448 WEW Ao AAL 3 pe o) 2YD el YT 9 JIAL A

Hud W) £5 V=ReolBE T AKES BE L go|d. Fig 48 HW F.& 280ps BN 3

2ol A, dzk 6600Nel Fol vpehdw Iy FE ud

320ps FERE 29 Wgoz Yol Al AL

=L sing M ¥ & QEd, ol §9 gL TdH Bl 3

¥ W 2ol vudle 9%e) Baol. 72

e s ¢ & QAT Jorgensend fF22 e %_:;,U_—o]]/ﬂ‘* YRR Fuk 204 A AFsn

0.7¢ ANsk2 glek, A A i
i,

3.2 QB R AHA FEY W 2YIH o2 HLdE Y B F

oJg EWZ LS-DYNAE olg3le] X 2ha  of galy AAs Lohusl A4 35 ¥E 82

9 FES T84 Stk Fig. 32 &8 EXUE 120psvit ¥ B RE 78 Bt

94 A2 3 olF 3 S8 et Fig oA dehisied 2 AT M2 dele y

of e ¥ HE 94 £ES F¥ H 2 84 o] LY FEREL Uitk R3S F

o Rol BT cEme 9w 2o Fo AL Eol Yolb] ARE diH WA A

AT $A AT g 9.8°, Y 27 £EE FY FPHE g A Aoz 7t

= 1—» =)

A}, 280us H&

=]
5
o
W B 4

=
o] A ﬂtH%M L}E}Urﬂ °l—r
OT—}\—] 0]-0],53_ Jorgensen,] Ol%ii E‘l’%ﬁ]zl: e% Oﬂ %
0.7, ¢EAS 5 0.7018 713t @S FeEdE F
o 997°, 27] X 474m/s7h AREEY, o oke] whape] ol L}EME}. é}xlui 4% 2] 2x
kls

T Fasder 73 g ‘*7*4 Apol& HRl B 3o ol REL ko] o ¥ EZ wolx
t} o] ol whIAFe U4EYTE 0.72 1Y ;9 SRS FANE 2o W e £XE O
of AN Ao A v]Eg Aot dx}‘ﬂ o= A B} olF HAHom Fo W 3o ¢ RE
T Hjxg AYE Ho|n 7|EY & = A A4 FHE JIFeE AR AR 240 sl M F
g g AEgolder 7¢ TR e AR o ¢ FEo] AAYHez &9 X2 uHASE
Azto|t}. & F Utk o]FolE &9 W 3o BRI 9

OsoR Z7o] dojd of o)A P W oy FEOE Yo o HE FAL 234

60 y . y . 7000
: i i — Ball
— Head 6000
11 T S F——
: 5000
1o ) EERSR SRR SO U SO p
w 4000
E Z
i L T R ITICTES SRR . @ 3000
8 5
- L=
4 2000
20 ______________________________________________________________________ -
1000}
Q0 Foemmemme e 4
0
0 i 1 1 i 1000 i | i i 1
(3 200 400 600 800 1000 0 100 200 300 400 500 600
time(us) time(us)
Fig. 3 Ball and head velocity at impact Fig. 4 Normal and tangential forces

rot

IRASNESHS=Z/A 17 A5 3, 2007'3/459



w9

o] & 9

o
M

on) FRHRE F357} ulA7] AlFg) Fig. 404
320 usHE AA) go| &9 Wao = viH=H Fig.
59] 360psE EY AT 4 Uk FY o} F2
9 AL Adstae AR 9 Lol AAR
ooz HEHY A4 P& o tstd S wae]
9o 1 o)F HEW o w¥ 3 230t A
ARG 2 2717 AR FAoAEA ‘070 HE 29
< Hojd Zojoh

FE0] dofd 1§ Tl 29 ¥ ]
= EZEY gHez 9 :@Vd%’ S7F wiol
9] :ML} Fol R EA HAHo] F
2 Aase 9 FAHo| Huprt €
& B4 N tAl HAHR e
&L JAY 7t UM 29 d= we 7

dhpge s flo] 7A@k Aoz §
295 JAE Al &Y Zex
HAY &9 =9 ZZE
of T3 A& W FAFHE V&
o Ao ‘é‘ﬂ‘%ﬂ, E‘}E'i
2 2 W¥o] dojdr}. wet
E1 HAHE ol A7 A
2 goigr. of ddl dsiA Fi

ko
oiw

=
T
Zro.
L

=120us

t=360us

=9 W] AAYA drh
Fot Rz ate] BAE dotry] Y 3o F
%drzﬂol.é AN £2(V)E FaEstth o7)A
Eo] dojg w EHF Fo| BF $Folm
sﬂz—% 7R gHole ARAE ARE}

Yoz B w gele Sxolu.

£ o<
o g (I
ol o{N'

_4

= 1000
=
: r/ N\
g 0 \\
) H : : ™" i
S S S -
= 0 100 200 300 400 500 600
7
E 8
>
£ 6\
o \
k] I
2 4 ™ el
] 1 \*__/'
£ : :
[ . .
o 2 ] i
g0 100 200 300 400 800 600
4000
— 3000 // \\
E
g / S —
= 2000
£ ~
% 1000}y’
% 100 200 300 400 500 600
time(us)

Fig. 6 Tangential force and velocity, and spin rate

=480ys |

t=600us

0 1 2 W o H @ M @ % wo S W A5 M0 5 6 5 0 5 B 2%

Fn Ft

Fig. 5 Normal and tangential forces during contact

=
[e2]
2
rot
Al
g
nio
™
o
Ok
Jo
b
rr

=8/A17R A5 Z, 20073



i3]

X

lo

T2 A A9 A4 98 AT

Fig. 69 7tedlzaiZo of gte dehlz gied
WA A FEo] gojur] ANFE 9 g 7.0
m/so|t}, o]& Jorgensend] ©|EoA Fo] S
o|]28 ElT 22& 2V|&T Vsing 3T UX 3.
olF Ve AR AT 320 ps FEIA
A4S 7HEY o] &2 Fig. 69 W ¢ zi=
AA Bo] Fgto]l FolA S22 wiHAE xHelth
320ps °lF Ve tiAl S8t AlEstd e e
Holu}7] A= 5.15m/sY £&5& 7HAA €t

ghoF "lojupr] A Fo| wmyR glo] 2.3
groznt Yojdrtn 7MAE 1 vmRoS HE
g enz Hojur] AAY &% v,=515m/sE
At 93 e e 2,298 rpmo] w2th
AT SEo] oy B AAe R A Fge
TFHEH Fo| FHS Hojd o 2,047 rpme] YL
=8} o] Fig.69 @ ofzf ZyY=Z=2 Jehith
AA A 7 T ¥gshe FAFHE 7lee
2 34 & o2 A o Yehd FHE
o} W3t 3t& Allste i o] e o]
2 3¢ g3 vasly] A A (NS B8 TR
A 2,107rpme] W3 F go] 43| wxd A
< & 5 vk A vpxg glojd of Fo FA
4 £5 515m/sE B3l AAE AN 2,298
rpme] Wgtth o] Zro] xpojE Beole olfE Fo)
=} Hojd o 23] 3wk shHA B
%7 WEolrh. gFE HAEA T zre] w11
& Tl W& 33 £t 2,298 rpm7tA] &
Z7HA] Rska 2,047 rpmol A BlejuA gt of gt
& A (7)ol 3t Jorgenseno] A f S T
B 0,922 Yo =d), o] k-2 Jorgenseno] 713
3 0.73= 443 aolE Bk

0022 , ——
0.021
002

£ 0019
0.018

0.017

; i i i i
[s] 100 200 300 40! 500 600 700
timefus)

0.016

Fig. 7 Effective radius of deformed ball at impact

Jorgensen©ol 7% F3ta o] APlM AN £t
o} ztolof tish & o AFstA Lolwr] HA Al
ZHl webd #3lsle ROE T3 BTk Fig. 79
Yehz gled), o g Fo] FaAHA gl
ste FAFAES 233 #tolth 39 9,504719 &
289 FAFTAE ANt 47 9259 FFo|
G222 3R3& 13 Fol ATl wet wdlshe
T FAFTHE AT 2o ¥xE0.0214 m
oA AFpsted AxHoZ Zo)EolA 300 usolA
Hagk 0.0164 m7} €k oju7} Hul2 A RS
= X F AEY 23% AT Xy
A Aotk o]F RMUL TA F71et7] AJREA
Hold ol 0.0218m FAEE Hojued ol ¢
29 HAE B 04mm Eold golth olE
Fol Azt Aol <8 thAl HAWUA o
AXA @ Roltt. o]& EUR 2] (6)& o]&3td f
&g FIHEAT X4 A (6) f& A A
Aelstd o&3 2

=

[F(OR(ydt = 0.4mRv, = f* [F()Rat
=f'R jF(t)dt:f'Rm(vl—vz) ®
[F@R@ar
R ©
R[Fp)dt
A7) F@) #% R(OF Figs. 6, 79 Yehd A
AY 43 glemzg f& AAsHE 0.83799 ol
ek A )l daN £33 obe] AL g
Fig=

-1

4 5F'+2

10)

2 (100& B34 k2 0.94760] veA Hew
o] 3 9Al 0.7Rt: 433 At & & 3o o
gt o] Aol 98l Jorgenseno] A £k
078 Ad3s] Aoty 8 4 gled ol Fo] HL
SRE Al o] ATHD T AT oItk

SlolA Asiat vst Zol Bt Y A4 T
s40) 3711 SIn, 89 A9 B Aol 2
23HAl =Hed ol Fig 69 232 Jeh)th
o] AL Moriyama®) =2 7eFs] AT )

Sl o A A AAE Gopr it

ot

ZASUSSH=E/A 17 A A 535, 20073/461



8

bali velocity (mis)
8

foft angle °)

8

8

8 ..

compression factor {f)
- - T - T - T -
2

8

-] 10 1 12
loft angle ()

com|

=]
o
8

40 50
club initial velocity {mis)

Fig. 8 Ball velocity, launch angle, spin rate, and
compression factor for club initial velocity
and loft angle varied

3.3 289 xJ| 4, RTE ZZ E H3}
NZE I 58 i

o] dFME & £27) £% 35m/s, 28y 2
IZE Zt% 11.5°2 1A z*‘sﬂ*qg %}%Lrﬂ o]
FAE A AFARC] 2B I ZL ox a—ﬂ
A HZEHE gtolth HA T2 FHEL F
271457 50m/sE don w4 99 A$ 50
n/s, EolA $2& A9 60m/soll 2Hde Aoz
deA ok 3 2IXE ZEE 8o0x 12°74X
tesich mebr 5 271458 30~60m/s, 2
E Z4x & 8~12°2 WA 7]9A A3t Fig.
8ol Yehliled &9 7] §58 WAL 9
9 27) &%, 39 A £, 4SAFE o9
3 EXE ZIEE WSS W T 7] B
T, 39 A &, 4F4FE Loluyrh

HA FE £5F WS W Fo] Hourte

252 THEY HA 435m/s904 H3 83.7m/s
2 Aygyez ZFEqd. dALE =3 1,783

rpmol A 3,405 rpme2 AMEH o7 ZIslgT) o

= %qaii *ﬂz}ﬂ@ tg‘?‘] LHO] ]E.X-l oz 3
¢ BEAN 2 oA APk YHASE 7

FHRW 0.95394 0.9222 SoEYEY o= 2=
S5t MEFTE Fo| Y M HNagA ez ¢

462/E=2ZTESHE =

A7t 2olE Aot A%t
d o Fo] HYZ RaHHE
A47F 0.9222 Jorgensen©| A)A| 3k
3k Apo]Z Bt

S0 ZXE T g MRS 1 F9 i}
A% E TR 6.8°04 10.2°2 MgHow =y}
AR A &5 =3 1459 rpmell A 2,119 rpm e
2, $F49E 093894 0.95282 Z718kgich o]
FE 9 °lfé AR gkellA ZA HouA] gge
o A& Ha% F=3 09382 0.79E 2 }°l
=31

& £57 60m/s
A9 oln) %%
073 4

g Azl A
2 gdd od 7|EE AE F Sy, BF FE
o] oA F< 3Ae W3] FHEA 2l
o wetA B AFAE FES 27 4 A

st 3o A dE AN ol HA S
o2 o 71x] FgeA FE& A sl

X FE o]% &5 504 m/s, EXE
5 11.5°¢0 A4, AL ZEE 9.8°7) usted o]
T 7189 & =89 A% uxd gtk o
ga Fol F3 =S Yol o] &5 Y4
o]x9] 9 Wgo g 515m/sE, Tof Hlojd o
of Wy gflol FHT kn s °]
2,298 rpme.2 AHEL) 3Ag AAzte g &
dojue Fet A @& At Fol F¥
old ] 2,047 rpmo] Y2t} o= Fo] FY
ofd w w2y 3Ho] FAe EAEtA 2,298
rpm7HA] F718kA] £33 2,047 rpme 2 Yot
I AEE WE + Aok E3Z Jorgensend |
8 9 AaEXE AL e AFEFE AME
o XHEIFEN 2 FezE 0.7¢ AT &
Ak o] AFellAl 0.948gke2 FAHHATL S H
9 FES 1AVES W= 0.92 )Y ol L]r
et

o] AFollME 2xte FAE AL o9 2
AES douled ol HHog 8ol 74
T o1& Ao ZAPSNE B8t AA

._T!.o 57]

flo rulo ru}n
ME ME O | ok

L of L

p‘L

28/4178 A53%, 2007d



23 A4 93 97

% 473 W5 ARE =F AT ok 2y
£ AZ27) 339 BYHolT FYHon YIY
F ge gulpn. 22 8 AxEdE A
Y de ¥ EE 39S 29y @ 4% 2ng
o i gE 4 YAe AAHY 2F olg
E8& o ATA 2 2 g

=
o wa olsh 2 2E 9 e
e Aol ofdEl g Eoklx FE3I| 4"

h=
& Qe Aol

() Gobush, W. 1990, “Impact
Measurements on Golf Balls”, Science and Golf,

Force

Proceedings of the World Scientific Congress of
Golf, pp. 219~224.

(2) Chou, P. C., Liang, D. and Yang, J., 1994,
“Contact Forces, Coefficient of Restitution, and Spin
Rate of Golf Ball Impact”, Science and Golf 1I,
Proceedings of the World Scientific Congress of
Golf, pp. 296~301.

(3) Ujihashi, S., 1994, “Measurement of Dynamic
Characteristics of Golf Balls and Identification of
their Mechanical Models”, Science and Golf 1I,
Proceedings of the World Scientific Congress of
Golf, pp. 302~308.

(4) Tavares, G., Sullivan, M. and Neshitt, D.,
1998, “Use of Finite Element Analysis in Design of
Multilayer Golf Balls”, Science and Golf III,
Proceedings of the World Scientific Congress of
Golf, pp. 473~480.

(5) Johnson, S. H. and Ekstrom, E. A, 1998,
“Experimental Study of Golf Ball Oblique Impact”,
Science and Golf M, Proceedings of the World
Scientific Congress of Golf, pp. 519~525.

(6) Hocknell, A., Jones, R. and Rothberg, S. I,
1998, “Computational and Experimental Analysis of
the Golf Impact”, Science and Golf III, Proceedings
of the World Scientific Congress of Golf, pp.
526~534.

(7) Cochran, A. J. 2002, “Development and Use
of One-dimensional Models of a Golf Ball”, Science
and Golf IV, Proceedings of the World Scientific
Congress of Golf, pp. 461~473.

(8) Moriyama, K., Yamaguchi, T., Yabu, M. and
Tsunoda, M., 2004, “The Influence of Mechanical
Impedance of the Golf Club and the Golf Ball on
Ball Spin”, The engineering of sport 5, Vol. 1, pp.
337~343.

(9) Jorgensen, T. P., 1994, The Physics of Golf,
American Institute of Physics.

HRAZNSTAS=EH/A 17 A A5 3F, 2007'3/463



