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ABSTRACT

Objective : The purpose of this study was to analyze the correlation between physical factors (X-factor, X-factor stretch) and club factors (club speed, ball

speed, club path, smash factor, vertical launch angle, spin rate, flight time, total length) during impact and it affect on the total distance of the ball during
a golf driver swing.

Background : There were not enough studies that analyzed the correlation between physical factors(X-factor, X-factor stretch) and club factors(club speed,
ball speed, club path, smash factor, launch angle, spin rate, flight time, total length) during a purpose swing to increase total distance.

Method : For this study, 9 right handed professional male golfers (KPGA) were chosen. The test subject group used their own drivers and each took a
total of 10 swings. These swings consisted of 5 purpose swings to increase total distance and 5 normal swings. Results: The purpose swing to increase
total distance showed larger physical factors(X-factor, X-factor stretch) compared to a normal swing however the results were not statistically significant.
Total distance increased during a purpose swing as a result of ball and club speed.

Conclusion : The results showed that club factors, ball speed and club speed contributed the most in affecting the total distance of the ball during a
purpose swing.
Keywords : Kinematic, Impactor factor, Driving distance, X-factor
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2 6%(Kim, 2005; Pelz & Frank, 2000)2 xFA|3tha el
on, gl tes sk Wi e AEEE
73l Q= Z10E HoKSo, Kim, Park, 2013), =&jo|H ]
AT $52 B 5 ol 24 B S X 7]
B Qe v ¢ 4 9t
FAhagollM =etolw) wjAE Hel Ruy] flside &~
YEANN Hrhe £5FL A S G T 1YL
%3kl QtHMyer et al, 2008). “I&{L} H]AZ] S7HE Sl4]
HEEA] o) 7)8] A S wo] & W glom Fubhrh o7
3|A 4xE A dozH XAfactord 2] 4 IA T
ofo} i ahick
HAYE | $23 QA% Mclean? Andrisani(1997)%
WA el Egepy] A thEAYOo R w2 Al oY
st T A7 Aol Bx gk 5 WAYS HHe
o s sl Heke B89 BAUAE St
7} R A AR S 992 9 5 ks Zolt
(Burden et. al., 1998; Horton et. al, 2001; Myer et. al., 2008).
X-factor stretch A127"(Kim, 2004; Jang, 2005a, Jang,
2005b; Cheetham et al., 2000; Cheetham et. al., 2001)= WA
9 gHEg gAY 2719 Xfactor gto] AA UtoH
X-factor stretch #ko] =W HA2] 7ol @& vtk B
ik ey 2] ATl E E o s To8)
ok F38a ek
=agol WAE FHE AR E OE Fe8 REe
U, A= =l haf % 5_ %74%"*% A H]
T ok 2E7] fleide 9EE A SHEE

=03, FHALTE FA3loF 31 (Plagenohoef, 1983),
=9l BT 29 S0l AAAER B3P 97
0]":]'_1_ 5191 tH(Hay, 1985).
;Hx%zs]. E].o]ul

OO

ﬂllﬂ 1o > o}‘_,

o] ezt ALt =9 SN YHES} g7to] glo}
oFstt}al 3}ITHPlagenohoef, 1983; Andrisani, 2005). YE
7}o.

B &5 S & 3dE SOl 9%E A
89 WA S (launch angle)= BlAZe] FEE
v kAl It Moriyama, Yamaguchi, Yabu, & Broer, 1973;
Campbell 1985; Smith, 2014). 27 A3|=7} 22 79 1o
HAZF S (launch angle)7t 5275 HIA 7L Sojdtial skt
Om(Kim, 2005; Trackman, 2012), 29| ¥h}zte= 9=
o FA S4B AFye A uet 24 "y skl
CHPark, Lee, Song, 2000).

ATk e] viAg e #st AedAZe AlA FE8o 2
3} glojo] #3F F(Neal & Wilson, 2005; Leadbetter,
2000; Barrantine, 1994; Penner, 2003; Novosel & Garrity,

20042t UHE A] njAgel| st A (Moom, 1995; Kim,
2005 QAR AAA o R niAE S27] A 54 A
Fo) AR F191g u] AlA|9) HOl(XAfactor, X-factor stretch)¥}
S5%l(club speed, ball speed, club path, smash factor, launch
angle, spin rate, flight time, total length)®] Ato]olA] w7 z]o]
Fs A A gigt A vl FEEiSich

mep Aot iAdE Sk BH499
2 Qg9 A lwsty, At S7hE 24292 A

oA AlAHEQ)(X-factor, X-factor stretch)¥} S5 (club speed,
ball speed, club path, smash factor, launch angle, spin rate,
flight time, total length) Ato]ellA] BlAZ]e] Q& w|A= B
Q159 WS skt sk

1. A o=k

Table 1. Characteristics of subjects

Age(year) Hight(cm) Weight(kg) Handicap
23.67+2.55 177.1142.62 76.56+1.64 1.33£1.41
2. A3 |
= Aol ARSE 29 g9} S5 Gl <Table 2>
o} 2t
Table 2. Experimental equipments
Experiment equipments Manufacture
Instrament Motionmaster100 Visol
e Trackman Trackman
Analysis .
inshatoent Kwon3D XP Visol
3. 4% 03

A9 A AgAEeA AEE 2 ?ﬂ*}fﬁ% F%9]
Fotal 2 Age AAElth S AEAR 99
& Edfoluigl F2EE Al ¥ 103]
ol shs é*lﬂ&iﬂﬂﬂ, ARAe] Frel et )7
29 5319k dNkAg 535 s
skttt 3?%%5—‘4—% #ste 2m x 2m x Ime] SAF —Ee——%
ARl AAJske] 1021 Z9E Ty AT A9 Ha
A AL B B S R WS Y FeE &

2o (o o

m*ﬁﬁ



AREEFRAaL, oW cut-off frequency = 10Hz = 3FQIt} Tk
A% S 3190 6709 even ofals} ol Helaisich

1) oJ=#X(address): 1] AHA]

2) WAY F(back swing top) : AP A

3) v]= theAY(middle of downswing) : THEA Al AL
ZEZL Ay} A1 AA

4) UM E(impact) : YHE AIA

5 EHE AS(forward swing) : AFZEZ} Hanlal el

Al
|
s 6) T (finish) : 2~Yo] Erh= AlA
TRACK
5. EAIA
computer
Figure 1. Experimental equipment arranged el YHE A ﬂ‘ﬂtﬁd 574 Aol dojxl 1)
olelE Fall ulARt STkt HAAA HARIAY total
D o length)ol] 93-S A= Q9107 AAAA(Xfactor, X-factor
RS ey stretch)?h QJHE A FHANY BARE obur] I3 4
W - C o FHAEA (correlation analysis) < AHE-SFITE
| 4 i | )2 ;
(] H ]
5 @ :’ . 9 16 6. 1‘"[—9—?_
123\ 7 o ]
; L 5\ 1 / b o\ 1) X-factor : WA GolA I SAHLELS o7 347
L4 { 4 y ! - =
ey e » 2 N1 74 | { R E9| afolE vERd 7otk
\ | 2) X-factor stretch : X-factor®] Z+& =7H o2 Eeig+
\ | 5 o=
e e =) e sHoE MAY oM Ay o sAE A g
d I !' cRoRn o Sy e M A%
19 ‘& L 25 | oJn| 3},
09y R u & 3) 28 E5(club speed) : YHEAA FHPF T} o] E3)
2 e 2 e 97 -
kol
Figure 2. maker 4) & E5(ball speed) : & A¥|E= FH Ay o
UHE Ailzg Ho] yhity|o] W= &kolt)
3, Aol dist] Au Beks 75 e sieltk Y5 5 SHAXA(Club path) : FHE A SHFIF 08X
Z%E WY et et 7 & X FOo7 Al E 45O olFshs Wtk
gm] 9 SRl 5% AH)(Trackman)= <Figure 1>$} 6) 29 2% A5-E(smash factor) : SHI =M ol
2ol wjxalglal, WALl fIA= Q1A #H A <Figure GH= oA Y] Yotk 5, & AV FHAYES
253} 0] 28715 3 B9ick alE
7) 31 %Kspin rate) : YHE 2§ 5] sdZolrt
4, A=A 8) WAM(launch angle) : SHa|=% Ho] YHE ¥ A
T Ho| AWy o] = 7otk
QA2 Visol(Korea)AF2] Kwon3D XPE E3l TiX|E}O] 9) E&l(Trackman) : AR PAKY e 24 oy 7+
e o] A6 olgalgla, YHEE SHWA 54 ] A AAELS 58510 365.76m AE]S] Eefolr AkolA
QI Eul(Trackman)< ©]&33ith HAE]d Al sk HE g I37 B Al A F2o] 7hse,

al

9212 AAS] YsiA Butterworth] low-pass filter WS 20 92} W= 91.44m F 3048cm oJUE SAHr)
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m 2 =

1) X-Factor

<Table 3> X-factor A= 52 A2 AkellA] 5887 +
436°, Uuk ~9Jo] AkllA] 5449 + 552°% ERITE 54 A
92 Akellx] 3.28°7F A UEFEOH, <Table 4>0A] X-factor
9} A uiAZtotal length) £Fo] IS Frol 38282
Ao e AvAE vepleh

Table 3. Purpose swing normal swing

purpose swing normal swing
(M=£SD) (M£SD)
X-factor(deg) 58.8714.36 54.49+5.52
X-Afactor stretch(deg) 60.33£11.41 56.21£5.75
club speed(mph) 107.03+4.21 99.05+4.19
ball speed(mph) 158.54+7.55 105.05+20.86
club path(deg) -0.01+1.89 02742.13
smash factor 1.4840.02 1.490.03
spin rate(rpm) 2558.89+280.96 2243.33+503.26
launch angle(deg) 11.30+2.12 9.862.98
flight time(sec) 6.58+0.46 531£1.11
total length(m) 262.73+14.82 237.22419.77

2) X-Factor stretch

<Table 3> X-factor stretch #= H4 299 AklA 60.30
1141°, duk A9 Ak A 5621 + 575°% H& A99]
Foll Al 4.00°FA] LFERSITE <Table 4>04] X-factor stretch 2}
4] BIAZ(total length)2] AT Fhol 4322 SAHCRE
7F ARSI Ao ek,

‘]ror’ r>~1 >.>~ H

3) EHSS(club speed)

<Table 3>94 SHES(club speed)= 574 9] Akol|A

107.03 + 421 mph(47.85 mjs), Lut 22| AkoflA] 99,05
+ 419 mph(44.25mys) = YERITE 52 A9 AkolA 7.98 mph
(3.50mys) =7 UEREO M, <Table 4>04 34 5(club speed)
o} A nAZ](total length)®] JTAG Fhol 882 FAIA O
E 5 JHlE VER

£ &% (ball speed)
<Table 3>°IA B &S(ball speed)i= H2 A9 AkolA
158.5427.55 mph(70.87 mjs), Lk 299 AkelA] 10505+ 2086
mph(65 9 ms)E YERITE B2 A9 Akl 5349 mph
=7 UEROH, <Table 4>°14 & £5(ball speed)2t A
17ir“4(tona1 length) 2] “JHAIG Fho] 96002 FAHORE nf
T = AHAE UER

5) €% " X(club path)

<Table 3>°14 Z9 T (club pathy= YHE A] Ay o
= 740 (+)7}-i DPo:] ULL—C 742. (—)%}Pj urg}»u oq =
A Ao Akl - 0.01£1.89°, Uub A9 Akl 027+
2.13°% YEptE 58499 AlA 0.16° T FF He A
o2 e, <table 4>o1X 3 I A(club path)2} AA)
H[AZ(total length)e] AT gho] -44=E FAACE  oF
ZFHA o] gl Ao YET

6) 29 2% 25 E(smash factor)

<Table 3>0|A] 29 2% Z5-E(smash factor) 54 =9
o] Aol A 148, Gk 299] AklA 1498 Uesith B2 A
DY Akl 001 BA JEREOH, <Table 4>04 29 234
Z-E(smash factor)?} FA| HIAZ(total length)®] 2AIF Fhol
65302 EAHR thh w2 JUIAE Yehith

7) 3% =Kspin rate)

<Table 3>°IA 3|4 ZHspin rate)> 52 A9 AkollA
2558.89 +280.96 rpm, URF A9YQ] Akl 2243.33+503.26
rpmE LERHTE

HAAYC] AbIA] 315 tpm =7 LFERSLO, <Table 4>0l|A
3]%d EHspin rate)?} AAM| A (total length), E ZE(ball
speed), 2~ A% AFE(smash factor)®] EAT Flol 7
7t 654, -.505, -569% FAAOE Thh w2 T4 A

= Hekilek

8) 89 £ 4% (launch angle)

<Table 3>clA] &) &% ZPe(launch angle)s 5% 29
Ok A] 11.30£2.12°, AW A9 Akl 9.86:2.98°F L}E}
gt BAAY] AkollA 145°%A] LEREOT, <Table 4>0]
A B 9 71 (launch angle)®} ZAH])AE (total length) ]
FBAGF Fre] -3972 BAFCR Y2 §A4 AHRIAE U
ERACE.
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Table 4. The correlation coefficient of the intentional swing and total length

X- x-factor ball lunch flight

factor stretch club speed speed club path smash factor spin rate angle fime total length
Pearson 1 143% 281 292 -124 .106 -465 -.149 -.186 33
fa)c(t-or p 022 464 446 750 786 207 7702 632 38
N 9 9 9 9 9 9 9 9 9 9
Pearson 743* 1 357 .386 .160 223 -457 -.148 -.108 43
fa)c(;or p 022 345 305 682 564 216 7104 782 25
stretch
N 9 9 9 9 9 9 9 9 9 9
Pearson 281 357 1 9437 -159 327 -355 -574 039 882k
club speed p A64 345 0 682 39 349 106 922 002
N 9 9 9 9 9 9 9 9 9
Pearson 292 .386 943%* 1 -384 621 -505 -516 019 .960%*
ball speed P 446 305 0 307 074 165 155 962 0
N 9 9 9 9 9 9 9 9 9
Pearson -124 .160 -159 -384 1 -.678* 576 275 319 -404
club path p 750 682 682 307 045 .105 473 402 281
N 9 9 9 9 9 9 9 9 9 9
Pearson .106 223 327 621 -.678* 1 -569 -.089 .006 653
smash factor p 786 564 39 074 045 A1 821 987 056
N 9 9 9 9 9 9 9 9 9
Pearson -465 -457 -355 -505 576 -569 1 Al6 495 -.654
spin rate p 207 216 349 165 105 A1 265 176 056
N 9 9 9 9 9 9 9 9 9
Pearson -.149 -.148 -574 -516 275 -089 416 1 754 -397
lunch angle p 702 704 .106 155 473 821 265 019 291
N 9 9 9 9 9 9 9 9 9
Pearson -.186 -.108 039 019 319 .006 495 54 1 053
fligth time p 632 782 922 962 402 987 176 019 893
N 9 9 9 9 9 9 9 9 9
Pearson 33 A3 882 960%* -404 653 -654 -397 053 1
total length p 38 25 002 0 281 056 056 291 893

N 9 9 9 9 9 9 9 9 9
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9) H]%A|ZNflight time)

<Table 3>°1A A ZH(flight time)> £2 ~Yo] AkofA]
6.5840.46 sec, Uk A9l AkoflA 531£1.11 sec® YERLTE
EA 1Y AR A 127 secE A LFEREO M, <Table 4>0f
A vz Kflight time) 2t A A2 (total length) 2] A
gro] 0530 BAFCRE A9 o] gle ACE YT

10) AAMAZ (total length)
<Table 3>014] 52 A9 4k 262.73£14.82 m, L+ ~

9o A2 237221977 mZ UERITE HAAYS] sk A
A A7} 2551 m A LERG

V. = 9

X-factor £} A BIA(total length) <}S] AL Fhol
322 FAACRE vk AHAAIE YERITE XAfactor stretch
e 4 A9 AklA 60.30+11.41°, UHE 2P AkofA
5621%5.75°% =2 299 SollA 4.09° A UERE O X-factor
stretch £+ A H]AZ](total length) 9] AT #lo] 432%2 &
AR OR Bt A= AoE YERT

Jang(2005)E X-factor #lo] Z2H¥ 9] - 74.78°, ol
o9l 4% 51.72°% vERTaL 819101, Cole & Grimshaw
(2009)9] ATIF 0-108] =3} ATy 11209 =HE
o% zARE Azl Wiag gellA @A 0-109] =¥ Eo]
& Xfactor #ES YUERILL, AT 11209 =¥ 0] wh
X-Afactorgke YERATL Ha18k31a, Kim(2010)9) A7 23}
ox= ohtFojHtt 2250 Xfactor #o] W Al WERL
thal A=A} X-factor stretch > Mclean(2008)2] 1o
A o] A 174°, optFo]e] A5 5.9°7F A v
Wohal Ha18}3 a1 Choi, Lee, Sohn, Lim, (2010)2] <1-oilA]
= 436°2 YEREOM, Kim(2012)9] A7 AyoA= 7.69.0°
Z Yehtthr By, o= E% £5%(club speed)oll
S WXz QRlo] "okl siitk wbA] 2 Al & ]
A F7F g mARl A Age] jkoA Xfactor,
X-factor stretch #ko] AR 7oz yehgth T2 A v
A2t X-Afactor®] “FHAAZE GHA YeRd A HAAYC
Bl A€ X-factor W37 UHE Al S Fo] Wle] W&
ek F Q9lo] opela AlgEch o3 A% E uf
A 9] X-factorell tist 2t Apo)7t HIAZE ST

T QRlo] H7)= AWk Ao AeAA ¢kl gkl
5 SHHogan, 2000; Leadbetter, 2000; Mclean, 1996) Az}<}
A4 Qx| gkl ke

25 &5(club speed)= X A9 Al 32 78] A
o] M FE JHE $£719 £EE el Aoy, A
H A (total length)yE E2)7] HdME QHE He #3710
93tk PGATO] 3t A BIAE(total length)i= 266
UeRla glom, & Aol Al A 57 A9 A
oA 262.7314.82 m, YHF 292 AkellA] 237.22+19.77 mE
Uekth 52 2899 Akl 2551 migAl UeRgo, 4
299] sk} ok ASJe] Akl R PGATIE H|AZET
Sl debstt) ol A3 343 9@ARe Ajolw Az
SHEE(club  speed)=  FAAYFL Al 107.0344.21
mph(47.85 mjs), Lut 2] AkellA] 99.05+4.19 mph(44.25m/s)
2 UERttE 429 A 7.98 mph (3.57mys) A LEREOL,
PGAH T 945 (club speed) 113 mph (50.52m/s) H.rh= SA
RO o] mEet A¥ 343 3dzte] Ajo|z AZHch
ZHE 5 (club speed)9} A H]AZ(total length)®] AT
#ol 882% TAHOE =2 AIE YERH: o]+ A3
AT So, Kim & Park(2013)2] 7oA EHAIE 3236 mfs
9} Hong(2012)2] -7l 30.84 mjs2} Lee(2005)2] 1-1oilA
UERt 31,07 mjs U= =7 YERITE Cho2003)= 3l
S7Ml vldgsl] AYs F7RIGA sgiey B
A9} nlel AaE vtk 5 AA B1A2(otal length)
= S7MAP17] SEiME 9 S5 (club speed)E WHEA Sfok
at1, EHEE(club speed)7t RS Al v AT (total
length) 2] F7toll W& 71015 dh= 0= AlnETh

Choe(2003)2} Kim(2001)<> EH<ES(club speed)7t ®istH
B9 £5(ball speed)= Wsto] HlAZe] FFS m|FIvka st
ek B Ao BT (ball speed)i= 24 AYY AkeA
158.54+7.55 mph(70.87 mjs), ANt 2] Akl 105.05+20.86
mph(46.96 mys) = LFEPHOH, ZAAL] Akl 5349 mph(23.91
mjs) =/ YERSTE B9 &bl speed)?t Al HIAZ
(total length)] AZHAIF #ho] 9600F FAXOZE ul§- =
AHPAE JERTE S5 5(club speed) HTF & E(ball
speed)’t A WA (total length)o] T B F&S w|A=
Ao YERITE Kim(2005)+ 2 2% &%(club speed):.

& £5(ball speed)el wel A v]AZ(total length)7} &
2 4= okl sl 2 Akl vt AYE YeRyar
otk wab Al vlA(total length) 712 YelM= 29
45 (club speed) . =] FHH & I AL & 5 9lof
of & 7107 Alggth

B9 -] & g9lE Ada] daiMe JHE A
& Hlo]A ZF(club pathy’} DI+ AY Bl A2 TL
o 207 & 4= glt}h Hong(2013)2 UHE A] 79 o
HH 3 SO 39 7 S vAA Ha, o]= H|A

T ATOo
— T



ol
i
o

o 1Rtk 319137, Moon(1994)> YHE A] 4
tor %01 o] wA] niAZe| £AE TP, B g
dolrh Wol F2= WS 7heH, 299
olsHo] 1 X}OV} ARE w200 yAelA ok 8 yo] HIA
Haph Azl sioltk 2eu 2 Aol 2§ dolA
ZFS(club pathy= 2] A99] AkeA -0.0141.89°, U¥t A9
O ArellA - 027+2.13°%, 2 299 AklA 0.16°H E
(+) B Zo® yeRgon, S5 X (club path)} A W]
7¥(total length)Sh= AT Flo] -404E FAZOE b
2 Aiole AoE Yepth web JHE A S 1
012 ZF(club path)7} BEAU+), B3l AL() B9 U
of 4 v 1L 740& AlREH, T2 Qs AA A
(total length)o| = S A= Z1 07 AlnHTh
29 2% XqFg(smash factor) EHE 5 (club speed) £
B9 E5(ball speed)®] HIEEA F&F o7 HA P A&
¥ $AE Bl 207 Smith(2014)= UIE A] Foko] ok
oA, WEEo] A wok=A] w3 ¢ qlntal skl

\l

i

t}. Trackman launch monitor (2012)°14] PGA FojdE9)
H B a8 148 & R EI, Kang(2008)9] A+ 4
Hof| M= Eo] HAAH(sweet spot)oll HEEHA BS S
1.5 o)Ae] A9 A3 AFE(smash factor) = YERHTIT 313}
t}. Trackman(2012)< i% ATt e AL AY A% A
SE(smash factor)©] =& W BIAY7L stk skl
2 Aexe 54 i’d’] Aol A] 148, AR AYC] SkofA|
149 2 |5 Yehgon, A9 A3 Z5E(smash factor)
3} A WA (total length), £-°] & 5(ball speed), FH A
(club path)®] AAF #ho] 7+ Zh 653, 621, -678 O 7
o Aee the =2 dEsls veRlth A9 A3 AFE

AL B &5 (ball speed)e} 2% A

o

(smash factor)S 0]+
(club pathyell FHZQl Fake o] A

A2 H| A (total length)
o] Tt TS & Zﬂj*i t}.

¢

tob
2o
SE“H
3
g
§
U
rlo
mlﬂ
L
E
Jl
g
=g
8
X
e
K
1o
X
Ape
>

3]~— 74_% Jorgensen(1999)L
b ZIETE Aupg 7180l Sl
Sohn(2012)2 %) Hejolo 3|4
Zspin rate)°] = AL ZXE 7157} Fopx1 Hof
7R 8 ARl ol Tk He As JU]‘SWU_
319121, Kang(2008)2] <dollA= #iado] Qs B

yold= Hlg) & 4 gtk sisict & A= ﬁ@ 91
Akl 2558.80+280.96 tpm, YUHF AYSl Akel|x] 224333+
50326 pmC % ZAAY A 315 pm A UERtow, 34
Hspin rate)?} AAH| AL (total length), £ Z5(ball speed),
29 A3 AZE(smash factor) 2] AAAS grol ZF Zb -654,

r>4 (e OH

%:“OVL ‘ﬂ_@ﬂ% =9 iJJEﬂ B) 3y ﬂa]oﬂ og'w— u];_]
oler A vA(total lengthyE 7+ Al71E
Hrk

=9 F 5 (launch angle)= EHI =9 S F ¥
oo 2= ZAnE Wels A0, Trackman(2012)S X5
o] Ao 12° -15°7F 7 oAl Eo Zuzvg uma
V&= léﬁh 319131, Bae & Kim(1995)& @A 7

oF 12.11°9] Z}e7} odARl =9 % ZHe(launch angle)‘j/}
ISRk TR 2 AellMs HAA9 SkelM 1130
2.12°, UNF 2~92] Skellx] 986 + 2.98°F HAAYS] Ak}

e 4 S T 997 25 4 ke o
= AY A g9dAe) Aoz A HA B (total

length) 9} £2] E% 7} (launch angle)= G gho] -397
2 FAHoR e 24 ARAAS el s 29
%‘2’ Z} 5 (launch angle) 9} HI3JAI7k(flight time)®] AZHAI Fk
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