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ABSTRACT

This study was performed to investigate the kinematic factors on the head hitting motion based on weight change of bamboo
swords in kumdo. The kinematic factors, needed time per phase, COB displacement and velocity, angle(wrist, elbow, shoulder joint,
hip joint, knee joint), were analyzed by the 3-D motion analysis method against 6 male middle school athletes. The results were as
follows. 1. The needed time of head hitting motion based on weight change of bamboo swords was shorter when weight was heavier.
2. The COB displacement of left/right was bigger when weight was heavier. the displacement of right foot was higher at backswing
phase and impact phase when weight was heavier and at impact time when weight was lighter. 3. The COB velocity was faster at
impact time when weight was heavier, the velocity of sword tip was fastest for each event with bamboo sword weight of 440 g. 4.

The angle of left elbow was smaller at top of backswing and impact when weight was heavier, the angle of left shoulder was bigger

when weight was heavier, the right knee angle was biger at start when weight was heavier, at impact when weight was lighter.
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&5, HgA7] SR TESIeH, ol HEATE A
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HE5(1984)= HER71914 B 540] s3] v]
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Table 1. The general characteristics of the subjects

A 175 66 16 4
B 170 53 16 4
C 165 48 16 3
D 170 50 14 5
E 170 2 14 2
F 165 50 15 2
M 169.17 53.17 15.17 3.13
SD 376 652 0.98 141
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AE oJsiAATE Al =Xl o3 A= #EA7] F2F
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Figure 1. A set of experimentation

3. AgA Y

36709 BAIF Eo] BAIHUE BAAS Ao A
2 54 gl § g2 Agsislon ojgf mEgx]7] T
e Fshe W FH0E A0S XS, -5
S YE, FANES 72502 A AA B S-S
ol ApEs folatA sbr] Al FAsnh viAE Hig
o7 14719 £4o] M2 AZAHo 3= AlAllinked rigid
body system)Z AoJstct. 2F £49 A TAMT A F
A FARE F3817] Y8 Plagenhoef(1983)2] AlAEAA|4
(body segment parameter)E ©]-8-3I5Atk FE7} &20]7] A%
317] A 5z YoM JHET} FE F 5ZH AR 38}
Stk SAAY AABE F4HY FIAEE YAERA
T Xl AL 23y Faany 33 HRE =S 9
8 FUHEE oW ¢ e FAHES E3hk= DLT(direct
linear ~ transformation) -2 ©]-8-3}%{THAbdel-Aziz & Karara,
1971). DLT™-E Elo]2Zd] 7|58 gdo] FYu o] AAAIS
ool 2211 FHH FEA 9 FAo] YH|she A7t

FIF

T

C]—E’
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32k FH3Egk A A HAE 04 5 oy 7R d]lel o
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1) XA (event) A3

@ Bventl : AAVFERS] SE7F 320]7] A2 AR (start)
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A% (top of backswing)
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Figure 2. Event and Phase
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<Table 2>9} 2t}

Table 2. Elased time

(unit: sec)
Phase .
Factor Back swing Impact Total
410 M 0428 0230 0.658
& o 0.04 001 004
240 M 0435 0232 0677
& 003 003 004
170 M 0446 0235 0681
& o 002 002 003
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Table 3. Displacement of center of mass

(unit: cm)
Phase Backswing Impact Total
Factor X Y z X Y zZ X Y z
410 M 2.16 3248 6.16 378 3521 415 594 69.36 1031
g SD 095 3.86 161 142 4.64 224 2,03 57 2.90
240 M 237 3421 562 434 3501 4.54 671 69.90 10.11
g SD L12 561 249 148 7.06 1.87 154 10.60 157
70 M 297 3450 633 4.56 37.04 4.86 753 7146 10.68
g SD 101 6.12 178 157 370 1.85 2.13 717 181
<Table 2>°|4] B nje} o] & FARMS] w2 wg olsHle 7 FHEE o] AR MY =o] B &

A7) 52k PP 2 QA17FS Backswing Tt 410 g&
0428 sec, 440 g2 0435 sec, 470 g 0446 sec7} 2R FC
™, Tmpact 77141 410 g2 0230 sec, 440 g2 0232 sec, 470
g8 0235 sec, & FHAITHE 410 g2 0.658 sec, 440 g& 0.677
sec, 470 g& 0681 sec7} 28F AR Uehyith B A7
I SEFAZE FAEFE 7RPE 28A%h] Hol 209 A
o2 Y=, A 3l Backswing 77F] 8
Alzte] Bt 65%E AAIEHAT

2. AAFAHS

& FARS] e Bgx])7] 4] AAFHY] Hele
TRHphase)'d, 12]3 HAl(total) HAE T8I HH A7
AN e TEo R (X A-H(Y)EE, A-
HWFOE A3t Pt on A <Table 3> 2t

<Table 3> ¢Js}¥ =& FAWS] e HE mEA]7]
52k Al 7 A4 M9l Backswing T-7HlA 41022
XZ W= 216 eom, Y3 H9E= 3248 cm, ZF WY = 616
cmE UERTE 440 g9 79 XE WYE 237 cm, Y HY
£ 3421 cm, 75 HYE 562 emE YO, 470 g9 X3
HOE 297 em, Y& HYE 3450 cm, ZZ HYE 633 cmE

VRS Impact 7714 410 g9 X3 W= 378 em, Y
22 3521 cm, ZE 4.15 em= UEREOH, 440 g9 A9 X
= W= 434 om, YE W= 3501 om, ZF W= 4.54 cm
2 UERE, 470 g9 9= XFE 456 cm, Y& 37.04 em,
73S 486 cmE YERITE AAF02E 410 g9 X3 WgE
594 cm, 52 69.36 cm, Z5-2 1031 cmZ YERGOH, 440 ¢
9] A% XZF W= 671 em, Y HYE 69.90 cm, 73 W9
£ 10.11 cmZ YERGA, 470 g9 A$E XEFL2 753 em, Y&
& 7146 cm, ZEL 1068 cm= e

3. 29 £33 w9

ZE ANS] U oAy B4 P o

HA 24 Impact time ©{H S FElGoH, 1 A=
<Table 4>9} 2t}

Table 4. Displacement of right foot

(unit: cm)

Phase . .

Factor Back swing Impact Impact time
410 M 6.93 1692 11.26
& o 3.60 410 401
240 M 763 17.12 10.08
& o 433 4.80 229
M 7.69 1740 9.10
a0g o 371 419 230

<Table 4>°] UERG n}e} 2o] Backswing T7Hl|A] 410 g
693 cm, 440 g& 763 cm, 470 g& 769 cm S0 SH I,
Impact phaseo A} 410 g& 1692 cm, 440 g& 17.12 cm, 470 ¢
2 1740 emE9] 23 O™, Impact timed| A= 410 g2 11.26
cm, 440 g2 1008 cm, 470 g2 9.10 cm9] =o|Z UERT)
2718 5(2001)2 Impact timeA] 102 emE B3k, 2%
H(2005) S55Eo] 252 Impact timer] ©29H] 93]
= A Ve o, S50 75 Impact timeA] 11.42 em =
o] gkl Buagict & AA7 Backswing 771 Impact
TFME SEFAVE FASTE LB8WS &) 59 &3l
o n, Impact timedMe FEFAZE 7HEFE Q240 ¢
27F =A Ve,

4, AAFTHES

AAFANEEE FAEEE YulsiH oMIEE HdEes
TFagom, 11 Avk= <Table 5>9F 2tk

<Table 5> LR nle} o] & FAS}] w2 vz
2)7] FHA] AAZAEEE Startoll A 410 g©] 3372 cnysec, 440 g
o] 38.51 cmy/sec, 470 go] 35.28 cmjsecZ UEPS, Top of
Backswing®14] 410 g0] 117.32 cysec, 440 g0] 11470 cnysec, 470
gO] 12053 cmysec® WERES ™, ImpactollA] 410 gol 215.09 cmysec,
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Table 5. Velocity of center of mass

Table 7. Angle of wrist joint

(unit: cmysec) (unit: deg)

P Event Start Top of Backswing Trpact Event Start Top of Backswing Impact
— — i Factor left  right  left right  left  right
a0g o 048 0.04 1835 40, M 1462 1350 6635 9359 13713 1539
v sl 470 067 £ & 713 625 741 321 419 274
“Weg o 97 10,44 19.87 Moo M 1232 13272 6827 9283 13L& 15337
B 2053 1369 £ D 687 558 637 767 621 420
0eg o 10.00 30,89 M 11427 13227 6918 9574 13569 15500
: : ' e o 42 454 872 91l 673 335

40 ] 23067 cmysec, 470 g°] 23690 cmysecE LFERTE & A
AN F& A W A7) T ATHEES 2
H Tmpact =1 SEFAVE FAETE #E S5 BT

o oflEY &£TE FA519 oW, 1 A= <Table 6> 2Th.
Table 6. Velocity of sword tip (umit: cmysec)
Event .
Factor Start Top of Backswing Tmpact
410 M 109.25 198.74 49121
& o 3532 40.18 9433
20 M 11146 209.24 615.03
& 4127 65.87 260.90
70 M 107.53 20406 570.82
& 40,61 63.85 236.66

<Table 6> UERD vle} Zo] = FA gl @ ol
EN A9 &= Start S2H14 410 g& 109.25 cmysec, 440
g& 11146 cmysec, 470 g2 107.53 cmjsecE UEFETL, Top of
Backswing] 410 g& 19874 cmysec, 440 g& 209.24 cm/sec,
470 g& 20406 cmysec® YERSET, ImpactA] 410 g& 49121
cmysec, 440 g2 615.03 cmysec, 470 g& 570.82 cmjsec® LFEF:
o B A8 S FA gE A9Y i 2 Aele
UA] BRI, 440 g9 SEFAVE 7} o[HlEA AT &
=7} 7P wE Zo R vEegTh

ZAEHRIE AR ApHEE duiEer Fa3 W
oz FHFH Utk & AFME E54%, FEAAE,
= =

MALE, Q8% FEAE J8jal AWEAEE FHEY,

= <Table 7>} 2Tk

<Table 7>& WE|X]|7] F2A] S5 FAS| ©E 7} o]
HEH #-9Z EEAEE Ve Aolth Start S2HA] 410 g
292 EEZ o] 11462°, 133.50°, 440 go] F-9= &8z}
112.32°, 132.72°, 470 g 395 52 11427°, 13227°%4L,
Top of Backswing] 410 g 95 £57b0]  66.35°, 93.59°,
440 go] FH-9= £E7o] 6827°, 90283, 470 g FH-$= &5
ZHe- 69.18°, 95.74°A.01, ImpactA] 410g & - 9= &8z}
137.13°, 153.99°, 440 g9] -5 &=57o] 131.64°, 15337°,
470 g F-5= EE570 13569°, 1550002 Yelsith &5 7t
T FHIAAS Start SEA 59 HEE He] HE
& 929 WA £53ES Hdig 23A417]3 JHEA

&% Aojg ARATA B

N

t}. 1 A¥= <Table 8>3 2t}

Table 8. Angle of elbow joint

(unit: deg)
Event Start Top of Backswing Impact
Factor left right left rigt  left  right
M 13333 14389 11690 8886 14344 15500

40 g 660 732 843 519 685 317

SD

M 13357 14205 11249 9166 141.962. 15547
SD 963 8.61 8.68 643 35 3.96
M
SD

440 g

13293 14433 11220 9091 13944 156.69

40 g 736 769 785 3366 3% 536

<Table 8>l YRt uie} Zo] Start 2] 410 g %5
9= TEXZATE 13333°, 143.89°, 440 g¢) FH-9= &
AZEE 13357, 14205°, 470 go FH-$= TEAAEE
132.93°, 14433°2 VRO M, Top of Backswing®llAlE 410 g
292 BEATTE 11690°, 88.86°, 440 g0 #-9= ZuA)z}
T 11249, 9166° 470 g9 FH-95 FEAAEE 112207
9091°% LERTE Impact AlAlellA] 410 g9 295 ZEAA4E
T 14344°, 15500°, 440 g9 FH-9F TEAUEE 141967
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15547°, 470 g F-$5 FEADT= 139.44°, 156.69°2 UEREO.
¥, 57} FA2E Top of Backswing¥} Impactol A 2= ZE
Azt W7 S vebst.

3) 74 =
VAT E BEY Ago] o)F = A4 g gujshs A
0 oiEY #H-9Z ol ARE BAEIGoH, I Aue

<Table 9>¢} 2t}

122.96°3.21, ImpactolA] 410 g& 129.79°, 440 g& 128.55°,
470 g& 128.92°% vpERgTh

5 1¥E4=
1A E FEEAT gETL ofFe All4RE 9y

= Ao 2 I A= <Table 11>7 2t)

Table 11. Angle of hip joint

(unit: deg)
. Event Start Top of Backswing Impact
Table 9. Angle of shoulder joint (unit: deg) Factor ot right oft right oft right
Bvent Start Top of Backswing Tmpact g M 100 0 MO U 1515 12838
Factor left  right  left  righ  left  right ' ' ' ' ‘ ‘
0. M 1038 206 197 14006 P30 1033 aog P 1A I00H I8e S e LS
&S 42 5.61 11.42 6.53 6.51 7.15 ’ ’ ’ ‘ ’ )
440 M 1435 1895 13448 13889 8490 9762 470 ¢ M 15967 16652 16853 14444 15737 13152
&p 265 6.63 12.29 20.80 9.85 841 SD 345 314 6.02 15.11 433 6.36

9.50 1936 13581 14802 7973  100.34

M
08 168 448 1277 1008 405 333

<Table 9>°] UERd nle} o] Start F2FA] 410 gof 745
9= o= E 410 g9 7% 1058°, 20.65°, 440 g 14.35°,
18.95°, 470 g2 9.50°, 19.36°= RO H, Top of Backswing®]l
AE 410 g9 7% 129.74°, 140.04° 440 g 134.48°, 138.89°,
470 g& 135.81°, 148.02°% LEFTE ImpactolA] 410 g 79.30°,
100.33°, 440 g& 84.90°, 97.62°, 470 g 79.73°, 10034°% }e}
Wk 4718 500D H5 HEde] AHde 1374 B
wEded, B AFME 410 g& 119.16°9) ZPHYE, 440 g
2 120.13°9] ZPH9E, 470 g2 12631°9] ZHHSIS HYTh

3% FRARE YE% 27} olFE AolAES oris

Table 10. Angle of right knee joint

(unit: deg)
Event .

Factor Start Top of Backswing Impact
410 M 16771 123.11 129.79

g 451 1527 5.83
240 M 168.52 12261 12855

& o 281 2125 6.33
70 M 17111 12296 12892

g 136 17.80 58

<Table 10> UEpd v} o] Sk FARS ]| wE ng]
A7) FH4A oMIEM $Z FEATE StrtolA 410 g&
167.71°, 40 g 16852°, 470 g& 171.11°%3, Top of
Backswing®l|A] 410 g& 123.11°, 440 g& 12261°, 470 g&

<Table 11>°] YER Hle} o] & FAWS}ol| we we
7] A oHIEH 9= IAAATE Sartol A 410 g&
170.52°, 440 g2 166.69°, 470 g2 166.52°%1, Top of
BackswingollA] 410 g& 146.03°, 440 g& 144.84°, 470 g&
144.44°99.0 1, Impacto A 410 g 128.38°, 440 g2 131.33°,
470 g& 131.52°2 VhERdth

V. = ¢

ZERAE FALFE 778 AgAgto] Bol 28H A
o= Yestth 77320059 dellA FEY A F &
Q7R 284 secElal HUEET, H717(1998)S 050 secE
Hysle] B A7AfRg g 28AHE Bt 7171
52001y S dPdo = o AollA Backswing 771
A 037 sec, Impact T-ZHlA] 029 sec, AFZF A2 QA7H0] 067
sec’t QT Busier, £ d7Ane} vws) &
u Backswing 7ol A= FAl 285131, Tmpact T7HoM =
O B2 Alzko] AgEo, MAFozE Hse ARE
Btk #gR)7] AN FAEEY LQAT] AETE
e FZo] 7kssithe FolMe SEFAVL 7MesE
1 AQAITE EY F YRR HA FYAITE BHAZ
F oS Ao Algdh

A ZF A A Backswing 71} Impact 7oA F=
FAZF FALTE AT A7t 3¢ WEo g FE-0
A Jeltth AAdoge SEFAV FALEE H-5 0
ol 2291 Wele Xayare] 229 el Impact 71t
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A Y F3A e, et 524 #9]elAE Backswing
TN o A JesTh ol2ist A%E Fsle BY =
SRAF FALTE -5 PR EEH A THFA
o ofEgol e A= A 9l

Sk FARs] mE wex)7] $A4A] AAFA
HEWA Impact T3F FEFAVE FAESE WE $58 B
ok 2 (1998)S Impact <°7F FHEET} 207.8 emyjsec, )%
3 2717(1998)2 Impacts=?t A7) 247.16 cnyjsec®
A 7kt Rusided), ofs B ArAnel AR
23E Horh

S5 FA wE A8 o & Aole YA kAN
40 g9 S=FAZE 2 lﬂi oA A9 &7t 7P we
AOZ UEsth ol Wi AFA A&s FAA 2
FE7F YlaL Y E gk 7Hzto] A 0 i E o] LPE}
¢ Aty AR 2320052 Sl w5
Hu&ert wEA debgor, FEAY e JHEA
459.13 cmfsecE Hste] & AFAFe] wX|A] FEith E
g ST JHE AR 7RI aE & HF
ElZo] HE, o3k Wik YF3H2000), Elliot, Marsho}
Overheu(1987) 18] 3 Plagenhoef(1971) 52 <I-9} Ux)= 4
5 BTk
Ao &2 280 293 9lo g 7IFEEd 717
S00D) YHEA] &5 2SS F+ olfre U A
EH49] a7E 7] fleiAelal o] Hie] YHE
Ao T Hurh fohal sigitk FHIAR oA
£EZT 7} 11049°, WAYA] 81.10°, YHEA] 148.84°2
HIZpAe A QHEZLA] £5.9) ZPH e 67.74°2 Halsl3l
l, & d72% FHAMeME vl A9 B, 9
I} JHE M= 410 gollH= 70.78°9] ZHASIE, 440 gol

63.37°9] ZPHAE, 470 golMe 6651°9] 2SS B
o] Zpol7h QISiTh ole YHEA] £EHAEY 2337 4
A7) zteloll A Uehd 2102 AzhEch

AEB2005)2 T AF YHEA] HS BEA| L0
13925°2}a Harslgion, 74718 5001 A #AHe
WYl M JHEA] 57} 3]st AT friA] FEe
fragk EP%% -?4‘8}04 AF AAFEY] A4S 9 drha
stlom, FRlA JHEAZRA] A wEe| s
29.99°% Hlﬂi S 2SS Harst] £ Q- Ane) ]
=3 A7E Btk

mEx]7] T4 FHAN AW F opARHe] M 2
ZFH 1S B3Itk Top of Backswingol| A &7 FAETS 2
=7 3A JelE, ol @4 £57F FAETE
ABHEY & 3AS B3l 7Fsds o IA FoaEn a2

Q1 w2glo] ojolA)n T 2 oiAE FF] ek v

ETE
==
g

¥R

ol OBL
-
=l
ol
] rq%

¢
d

>,
3

N
_le

1|

AR A rlr HN
o L r1r olo

S|

4

¢

I~

o]
A
}

£ HEAERE FAs) AT SRR Az

a9k, A4Y, 2 RN E HE A7l & 7
27k AAIFAY Hol2 A 75T 48 e A
ote] Ags 2™ske 9FS FPda stk 7u 718 5
001) YHEA] £HAE At 12843°Q0H, FHldA ¢
HEZIA ZhASE 4725°2 B A7 Aze}l fAlElen, =
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