Korean Journal of Sport Biomechanics
Vol. 21, No. 3, September 2011, 317-325

ZZ 29 A 3 3=y EFuAd Ui 4

ISSN 1226-2226(Print), ISSN 2093-9752(Online)
http://dx.doi.org/10.5103/KIJSB.2011.21.3.317
http://www.kssb.or.kr

A E-9] 4=

AW FAN - 24

G AT FEF GG GTA SN AR YA AEZ P
SGFA ST TSI AL 5250

The Contribution of Body Segments to the Club Head’s Kinetic Energy in the Golf Swing

Jae-Kwan Chang' - Ji-Seon Ryu” - Suk-Hoon Yoon’
'Department of Golf Management, College of Physical Education, Kyunghee University, Suweon, Korea
2Sport & Health Management Major, School of Sport Health & Welfare, Korea National Sport University, Seoul, Korea
jDepammnt of Conmmmnity Sport, School of Conmmmnity Sport, Korea National Sport University, Seoul, Korea
Received 10 September 2010; Received in revised form 18 September 2010; Accepted 26 September 2011

ABSTRACT
The purpose of this study was to investigate the contributions of body joints to the kinetic energy of the clubhead in the golf swing.
Three dimensional swing analysis was conducted on the seven KPGA golfers. The subjects were asked to swing with 45 inches of
driver. The work done by body joints were computed by utilizing the inverse dynamics method. The order of work done by the body
joints was lumbar > left hip > right shoulder > left wrist > right wrist > right hip at the first phase. At the second phase, the order of
work done by the body joints was trunk > left elbow > right wrist > right shoulder > left wrist > right wrist. At the third phase, the

order of work done by body joints was lumbar > right shoulder >

left shoulder > left elbow > right wrist > right elbow. The sum of

the work done by the body joints was lumbar > shoulder > wrist on the average. The kinetic energy of the club head was
430.11+24.35 J and the subject’s swing efficiency was shown as 31.82+4.86% on the average. The contributions of body joints to the
kinetic energy of the clubhead was the order of lumbar > upper right shoulder > left elbow > right wrist during the down swing.
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(Budney & bellow, 1978; Miburn, 1982).
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AnkEy] ahE o] gslom, Hekd Wl A= Matworks
Ins. 2] Matlab 655 o83l £AI8}9ith

Table 1. Experimental equipment

Equipment Product Manufacturer

Camera ProReflex MCU500 Qualisys

NLT 60x45 type Qualisys

Instrument Marker Reflection Marker Qualisys
Force plate Kistler 9286AA Switzerland

Computer PentiumIV Samsung

Track Manager Qualisys

Analysis Program Visual3D C-motion

Matlab 6.5 Matworks
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Figure 3. Local reference of upper extremity segment
and club head(Lim & Moon, 2005)

Figure 4. Vector definition of upper extremity segment(Lim
& Moon, 2005).
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Figure 5. Club head of impact event
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Figure 6. Event setup of golf swing

Table 2. Work done by each body joints(A£.SD)

(unit: J)
Joint P1 P2 P3 Total

R wrist 182463 7924319  50.8429.7  148.1+59.0
R elbow 9.6%4.4 52.4£133 39.0£203  100.9+22.1
R shoulder 22.0+11.1  77.1#29.6  111.5#258  210.6+45.5
L wrist 193469  652%286 340228 1185514
L elbow 7.6+2.7 84.1426.7 51.84237 14351221
L shoulder 69439  372£1024 52.1£100  962+20.3
Lumbar 424+175 15094452 25224401 4455725
R ankle 0.110.1 03104 0.7£1.0 1.1£1.1

R knee 14108 1.6+1.2 2.0+2.0 5035

R hip 154+11.5 8.9+7.8 57124 2909+11.1
L ankle 1413 1.8+1.7 09+1.1 4.1435

L knee 48+33 5.843.8 1.8+19 12.548.48
L hip 234+119 2734165 105453 61.2+30.8
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Table 3. Sum of work done by body joints of each subject(A£SD)

(unit: J)
gy~ ect A B c E F G MESD
Total 1005.6 1665.9 13683 15110 13689 12952 14241 1377022035
R wrist 783 3 1355 2192 1733 840 1242 148.1459.0
R elbow 736 782 1008 1053 1412 1024 1047 1009:22.1
R shoulder 1401 2663 2011 2159 1738 2639 2133 21064455
L wrist %5 1984 1137 180.7 9.0 653 %2 11854514
L elbow 1337 1298 1232 1248 1504 1588 1834 14344201
L shoulder 781 918 953 88.6 877 910 1407 9624204
Lumbar 3226 564.5 4643 811 4682 4556 4119 554725
R ankle 02 03 29 13 23 03 L1£11
R knee 12 35 52 122 52 49 50435
R hip 210 500 307 152 34 329 264 299¢11.1
L ankle 26 25 84 04 01 74 41435
L knee 165 85 283 135 46 37 123 125484
L hip 633 498 5.1 1060 %2 300 957 612308

m 2 Yo Fe 34T A F2 ) ol AoiHe
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W Zolt <Table 3> 7} A@AES tdo= M2age] |
A GHE A7 = 7 wdo] Y A& YER Aol

<Table 2> ANE A 1HAA = 235917F 244175 1
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Table 4. Kinetic energy of club head

Subject T%tval Body Club Head Kinetic  Efficiency

ork(J) Energy( AKE,;, ) (%)
A 1005.6 4107 408
B 1665.9 4113 24.7
C 1368.3 464.1 339
D 1511.0 4523 299
E 1368.9 430.7 315
F 12952 3984 30.8
G 1424.1 4432 311
M 13770 430.1 318
SD 203.5 24.3 4.8
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Table 5. Contribution of body joints to the club head’s kinetic energy(A£SD)

(unit: %)
ject A B C D E F G MESD
Joints & value order valee order value order value order value order value order value  order value order
R wrist 7.8 4 134 3 99 3 145 2 12.7 3 6.5 6 8.7 5 10543.1 4
R elbow 73 7 4.7 7 74 6 7.0 6 103 5 79 4 74 6 74£1.6 6
R shoulder 139 2 160 2 47 2 143 3 127 2 204 2 150 2 153226 2
L wrist 74 6 119 4 83 5 120 4 72 6 5.0 7 7.0 7 8426 5
L elbow 133 3 7.8 5 9.0 4 83 5 11.0 4 12.3 3 129 3 106423 3
L shoulder 7.8 5 55 6 7.0 7 59 7 6.4 7 7.0 5 99 4 7115 7
Lumbar 321 1 339 1 339 1 285 1 342 1 352 1 289 1 324427 1
R ankle 0.0 13 0.0 13 02 13 00 13 0.1 12 02 12 0.0 13 01£01 13
R knee 0.1 12 02 11 04 12 02 12 09 10 04 10 0.3 12 04103 11
R hip 2.1 9 30 8 22 9 1.0 9 24 8 25 8 19 9 22+0.6 9
L ankle 03 11 02 12 0.6 11 0.5 11 00 13 00 13 05 11 0302 12
L knee 1.6 10 05 10 21 10 09 10 03 11 03 11 09 10 09407 10
L hip 6.3 8 30 9 43 8 70 8 1.8 9 23 9 6.7 8 45422 8
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