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Objective: The purpose of this study was to investigate the influence of clubhead velocity through
regression analysis on the magnitude and time difference of the forward-backward, medio-
lateral, and vertical ground reaction peak forces generated by force plate during golf swing,.

Method: 16 subjects (age: 20.5+4.2 yrs, height: 176.0+5.4 cm, weight: 77.8+5.9 kg, handy: 2.4+1.7)
who is elite golf player in high school and university, participated in this study. The study
method adopted three-dimensional analysis with 8 cameras and ground reaction force
measurement with two force plate. The analysis variables were clubhead velocity, and ground
reaction analysis variables set four events in each graph based on the peak forces commonly
generated in Fx, Fy, and Fz graphs of the ground reaction data during the golf swing.

Results: As a result of analyzing the influence of ground reaction magnitude difference on
clubhead velocity, the influence on clubhead velocity was ym4, zm1, xm4, zm2. The larger ym4,
xm4, zml1, the faster the clubhead velocity, but the smaller the zm2, the faster the dubhead velocity.
And in time difference, the influence on the clubhead velocity was in the order of xt4, zt1, zt3. The
shorter xt4, zt1, zt3 showed faster clubhead velocity.

Conclusion: The left foot played a leading role in increasing the velocity of the dubhead. Although
the result was caused by the interaction of the right foot and the left foot during the swing, the

role of the left foot is relatively large.

Keywords: Clubhead velocity, Golf, Ground reaction force, Magnitude, Time
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4. SAH AL

2 Aol EAXEl= SPSS 23.0 (IBM, USA)S 0|31,

DS IP FS

ADD: address - preparation, TB: take back - the event the left forearm and ground are horizontal, TS: top swing - The event
clubhead stopped, DS: down swing - the event the left forearm and ground are horizontal after TS, IP: impact - the event where
clubhead hit the golf ball, FS: follow swing - the event the left forearm and ground are horizontal after IP

Figure 2. Set of events and phases

http://e-kjsb.org



30 Byung Hoon Woo KJSB

6.00 xm1: In downswing, difference between the maximum forward
force of F1 and the maximum backward
force of left F2

xm2: In downswing, difference between the maximum
backward force of F1 and the maximum forward
force of F2

Nikg

xm3: In downswing, difference between the maximum forward
force and the maximum backward force of F1

.
pos xm4: In downswing, difference between the maximum
backward force and the maximum forward force of F2

(2]

A T
D B
D
== Fx-Right = = Fx-Left

Magnitude difference of Fx

ym1: In backswing, difference between the maximum lateral
force of F1 and the maximum medial force of F2

ym2: In downswing, difference between the maximum medial
force of F1 and the maximum lateral force of F2

Nikg

ym3: In entire swing, difference between the maximum lateral
force and the maximum medial force of F1

ym4: In entire swing, difference between the maximum medial

A T T D 1 F
o g g - B 2 force and the maximum lateral force of F2
— Fy-Right == == Fy-Left

Magnitude difference of Fy

[y [ Wl . . . .
S " rN zm1: In backswing, difference between the maximum vertical
Zm: .« . .
26.00 — ,’ \ force of F1 and the minimum vertical force of F2
g o0 zm2: In downswing, difference between the minimum vertical
= 1500 force of F1 and the maximum vertical force of F2
el zm3: In entire swing, difference between the maximum
5.00 vertical force and the minimum vertical force of F1

0.00 . . . .. .
zm4: In entire swing, difference between the minimum vertical

force and the maximum vertical force of F2

oo0>®
]
(23]

Fz-Right = == Fz-Left

Magnitude difference of Fz

Note. F1: right GRF, F2: left GRF

Figure 3. Set of variables in GRF magnitude
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score2 HB T Q-Q plot2 0|8% At S UESHYU

Ch X|THEH 37| A[ZH HQI0| JHE A SHYE K=0 1. X|HuL2 37| Holof| map S=e|=E 250 O]X]|
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N/kg

w— Fx-Right = ==Fx-Left

xt1: In downswing, time difference between the maximum
forward force of F1 and the maximum backward
force of F2

xt2: In downswing, time difference between the maximum
backward force of F1 and the maximum forward
force of F2

xt3: In downswing, time difference between the maximum
forward force and the maximum backward force of F1

xt4: In downswing, time difference between the maximum
backward force and the maximum forward force of F2

Time difference of Fx
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yt1: In backswing, time difference between the maximum
lateral force of F1 and the maximum medial force of F2

yt2: In downswing, time difference between the maximum
medial force of F1 and the maximum lateral force of F2

yt3: In entire swing, time difference between the maximum
lateral force and the maximum medial force of F1

yt4: In entire swing, time difference between the maximum
medial force and the maximum lateral force of F2

Time difference of Fy

zt1 zt2

- >

T
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— Fz-Right = = Fz-Left

zt1: In backswing, time difference between the maximum
vertical force of F1 and the minimum vertical force of F2

zt2: In downswing, time difference between the minimum
vertical force of F1 and the maximum vertical force of F2

zt3: In entire swing, time difference between the maximum
vertical force and the minimum vertical force of F1

zt4: In entire swing, time difference between the minimum
vertical force and the maximum vertical force of F2

Time difference of Fz

Note. F1: right GRF, F2: left GRF

Figure 4. Set of variables in GRF time
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Table 1. Results and regression analysis of clubhead velocity at Impact on GRF magnitude variables

Variables M + SD B B t
Clubhead velocity 43.10+2.64 Constant 43.156 17.859
xm1 0.66+0.41 1.302 201 1.749
xm2 572+1.14 -1.165 -500 -1.951
xm3 0.82+0.38 -1.083 -156 -1.436
xm4 4.84+1.46 822 453 2.157"
ym1 2.84+0.70 -729 -194 -857
ym2 847+1.30
ym3 5.02+0.94 -735 -.260 -1.068
ymé 6.25+1.06 1.302 .520 2.196"
zm1 9.14+3.60 .544 .505 2.746™
zm2 11.70+£3.42 -276 -372 -2.163"
zm3 7.37+2.46 -003 -004 -019
zm4 13.45+3.56

R? (.744), adjusted R? (.656), RMSE (1.550), F (8.438), p-value (.000***), Durbin-Watson (1.973)

Note. significant at *p<.05, **p<.01, ***p<.001

Table 2. Results and regression analysis of clubhead velocity at Impact on GRF time variables

Variables M + SD B B t
Clubhead velocity 43.10+2.64 Constant 52.403 12.960
xt1 0.03+0.03 27.532 262 1.728
xt2 0.05+0.04 18.594 249 1.591
xt3 0.09+0.03 24.573 246 1.584
xt4 0.14+0.03 -38.523 -482 -2.753"
yt1 0.05+0.03 -11.960 -151 -879
yt2 0.03+0.02
yt3 0.76+0.14 -3.959 -215 -679
yt4 0.77+0.14 -742 -033 -115
zt1 0.06+0.05 -23.474 -425 -3.395"
zt2 0.10+0.05 -2.442 -150 -918
zt3 0.56+0.16 -13.509 -.280 -2.056"
zt4 0.61+0.18 19.629 146 662

R? (.685), adjusted R? (.557), RMSE (1.740), F (5.346), p-value (.000***), Durbin-Watson (1.657)

Note. significant at *p<.05, **p<.01, ***p<.001
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X|HEte SHolo| ofsf SHIE £2o dHHE 744%0|Ct YHZHE YUWE Al HE SHE HEoF BHO| QUCtD
B0SHRCE X|HEtH 37| Xpolof cigt o At SE=
2. X2k A|ZF Holof| Mz} FE6|E SEof 0/X|= L0 7HE 2 SEE 013 Q12 Yol EE o5
g Of Xfo|Ct HHAY A] 21HO| LhXBut ChAd Al gl 9|
FEo| A0l HFO|S Al MHFSHO| o5 L0 F=5}
X|HEH Az XO|7F S E S=0] 0| g2 &2 = AQR WM, 0|2 Qs L2 a2 0|83t ©ol 5
M3t7| 50 CHE 2| HEME HAISHRICHTable 2). 241 H, 7}E LERLHDY, 1Yol Z20|E 0| S = K=o It
Durbin-watsong HQI$t ANt 16572 CE3|HEM2H X 2 2 S 0k = HoZ AIREICH F HIjE WA
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VIF 23t yt27} CHES440] A0 QISR LW #els XM 42282 89 25 FE0| Y= £=0 O|X|
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