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ABSTRACT

The purpose of this study was to analyze the kinematic characteristics of javelin to compare the characteristics between world
elite athletes and local male athletes. The subjects selected 9 athletes out of total 13 athletes recorded more than 65 m in the pre-
liminary and main competition participated in the 93rd National Sports Festival held in 2012. Three-Dimensional motion analysis
using a system of 4 video cameras(Sony HXR-MC2000) at a sampling frequency of 60 fields/s was performed for this study. The
Kwon3D 3.1 was used to obtain the three dimensional coordinates about the top, grip, end of javelin. And the kinematic factors
of javelin calculated using Matlab2009a program. The resultant speed of javelin that affects directly to the record of performance
showed 26.08 m/s indicated lower speed of about 2-3 m/s than world elite athletes. The release point appeared to have been made
at the high of 1.79+0.07 m of 99.8% of the height of the athletes. In terms of release angle, it was indicated average 33.0+3.81°
lower release angle compared to the world elite athletes. The attitude angle(up & down tilt angle, X axis) related to javelin indi-
cated average 38.5+4.96°, its related attack angle average 5.5+5.11°, and yaw angle(sideslip, side attack angle) average 15.7+8.48°.
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FAA 7= 8, A, 2o sjHdR]7]¢F o] MF
oA o]FARE FH FHEI dY =YV FEE o)&
sto] gk de] dX= 71547 2A (TS 7199,
1998), HAPAFES] A5 2] o7t 2.6~2.7 melaL,
o FAIZL 800 gol7] W]l AWH2 kg), E3H(7.257 kg),

o] =22 201089% AF @S |EF) Ao d=A7A=e] A
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183 W (7.257 ke) TEETE 7P 21 v AYE 94
F JE FZo|th(Park, 2012; Lee, Ryu, & Kim, 2009;
Zatsiorsky, 2000). o]} ZHHs] IR AlA 715
1996 | =(Czech Republic)] <F A@| =L (Jan Zelezny)
7F Al 98.48 mo|H, o}rlo} 7152 1989 d AU (Japan)
o] 7}=3|2 wZX](Kazuhilo Mizoguchi)?} A& 87.60
mo| ARk, A =k H171=8 vk (Park Jae Myoung,
Korea)o] 200477 2N =53/ dFdrh3]ollA Al¢- 83.99 m
2 AAZIEZ oMo | S B zlolE Holal Jitt.

v HZ 2011 FAA AR 3ol 53 wlHE
o} © ZE%(Matthias de Zordo, Germany)= 86.27 m2]
7155 B, 2908 Qt=#ots E =7 Al(Andreas
Thorkildsen, Norway)°] 84.78 m, 201281-&-H ¥t} 3] 2]
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A NA 7]1F0] 77.15-8458 mZE 1920 A& EA
(Keshorn Walcott, Tobago)°] 84.58 m, 2%+ A=
SHEJAJoKOleksandr Pyatnytsya, Ukrainian)7} 84.51 m, ~Z2]
I 39+ <FE] F27d(Antti Ruuskanen)© 2 842 m2]
7155 BRI A3 v & o), s MeEo] AlAgE 4
A RZolt wigde e 7FeAol =2 As E 5 U
o} ey Ad 20129 874 (Jeoung Sang Jin, Korea)©l
AIE Ha|53 FAl0l Ao Hr1E2] 82,05 mE B3l
A5F, 20128 YoM E 7637 mZE ARle] Hi]Fo|
X HAE 7|50E AMo] Hdud BEE Fu ArE9
7150] I e EHS HAFA] EIlaL e Aol #
W s FAE & 4

AL Aol de = wleEe 5, 3] 4,
Zo] B4, Ze] E, A", A, AR
7HAe] A, Bgd7] £Rot dej= 71|
FAME, FAREo]l Z28]al AA)7] ApAI9F 2H2 theket W
Q1So] EgHoR Agote AoR W APAFoIr B
% T AtH(Chae, Yoon, Lim, Lee, & Kim, 2012; Kim,
Ryu, & Lee, 2012; Young, 2007; Viistasalo, Mononen, &
Norvapalo, 2003; Bartonietz, 2000; Maier, Wank, Barto-
nietz, & Blickhan, 2000; Morriss, Bartlett, & Fowler,
1997; Rich, Gregor, Whiting, & McCoy, 1986).

olx 9 thgst Q215 T AAA ZW(Kaufman, 1999;
Rich et al, 1986)°l Sloix= A=t o] Zo], i
A g2 =W (Park, 2012; Young, 2007; Zatsiorsky, 2000)
< EaE7leh D= A 2AY, £y, 2o
83 Fgsle AoE He AYATENA HaE
UAT, e HgAY e x| £x9 dEj= 77
Aol 713 FWe| s ZAA ==t (Mero, Komi,
Kotjus, Navarro, & Gregor, 1994; Bosen, 1985; Back,
& Kim, 2001; Lee et al., 2009), 713 =3} 3|
Viistasalo 5 (2003)3} Whiting, Gregor} Halushka (1991),
Hubbard 2} Always (1989)= Zz]= =7k ojrA] FA}
=o|, £, Azt o] ApM|zte] HA Y 2Ad of
o] BigARE 4& & Ao, Parkd} Yoon (2010)°]
ojahd, 71EAtolel] wet FREE, FAREo], FE24, 1
2oL A Ze] 715 E S FE AR st
AL Qi Ak opuEl FEA)7)e] 84 AHle =
T ARE AAEL e tREE o= dAe 29|
A5 sEe] e IHEEE Tl EAE A
O 8A dofzl FFE Bl MBI Ak sh=dl(Morriss,
& Bartlett, 1996; Zatsiorsky, 2000), =W AFE9] 3¢
AAL ZA Al FE5H Eold 23 gade] v A}
AE Ho, dgollx] TAE EAE o]&sle] 5%
(momentum)& ol Ho| AlF|R] Eah= Zo g H I3
2AtHLee, 2003).
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3 8]l & Fo &
Azt AEE 548 B, 3] g2 7 (release angle),
Z}A| Zt(attitude  angle), &7 Z(attack angle), & ZH(yaw
or sideslip, side attack angle)s} 7+ WAE°] T3 8
QloZ 2&(Kim et al., 2012; Maier et al, 2000; Best,
Bartlett, & Morriss, 1993; Bartlett, Muller, Lindinger,
Brunner, & Morriss, 1996; Miller & Munro, 1983)3}=
Aoz RIFEI e, §&4< dYze =7
(release angle)?} AHA|ZH(attitude angle)®] 0°9] 37 Z}ol|A]
7)80] 22 Zow ®WIslal rh(Bartlett et al., 1996;
Best et al, 1993; Mero et al, 1994; Morriss & Barlett,
1996; Lee et al, 2009; Rich et al., 1986; Whiting et
al,, 1991).

] Maier 5 (2000)] 2J3FH 1-3°3-7A7Ztol|A] FHU)
A=t FelsiAl 2, P E GA; AeES
Mero & (1994y> 1°9] ¥AZS B, 73] of
HU M A=A 3] 2 (Campos, Brizuela & Ramon,
2004011 FAZto] Hit 2.8°Z, 20094 S A AXSA
3] A (International Association of Athletics Federation
[IAAF], 2009y 3+ 3.1°9] ¥Z7hs H9aL, 133] b+
AANFANB] A (Chae et al, 2012)01-E FA7Zo]
Bt 2.7°5 Bo|HA AAILZE HAEe] 75 Azt
dejxzte] Wizt fAlE 347 7THAL Helx F
Zo] o]Foix|= EA4E R k. vk ojue} de
= 7k o) vy AdE YEH F W Ale]o] w7}
S YehllEe 2 Ziyaw angle)l]l JoIME & ZHe o
Z5S WAAIA B8] Al Robbins-Magnus &35 Ay 3}
Al sted el migAge JFS = B ol FAK:
zobe] AANAME 5~10°9 o AP A HAI(Best,
Bartlett, & Sawyer, 1995; Best, Bartlett, & Morriss,
19937} 03, Kim 5 (2012)2] dFoMe 7]=0] =&
AeEe] AT oF 6l Helz=rt o] FofRHA, 7153
2 7he] APAQ SA0R 75 AHA IS T
= 8%l g Byskal AT, 8 7Zhe] A7 wjet 8 7}
o] & 7% o w3 S st HsA T Fo
E3(Maier et al., 2000), HHlZ - 3te] & ZH(negative
yaw angley> e] 5ol thek 23 (spin) = el w1
2> 3(magnus lift force)o] EAYste] Fo] F2 o= A
s8] wel Bl A7 #eAle 548 7EAL Sl
(Bartlett et al, 1996), &2] ApAlzte] Z7|gel] wA= 4
ol tieir= B ATFE Sl 353 WES AAst
AL ARE, S BT ES e R e Azt B
e ARl Ane A4S 54 AeTe dide

§79H 4ol F5 olFoltaL, AAl 73718l
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NAVER  BEAN POLE

wEbA] o] A= A 2012 A|933] A=A Al ot
Sk Ankiel gigt Uzl F 1399 A T Xy A
oA 65 m oS 7IE3 A4 9BE UigoR =
T FAbEe|, FARKRE, 1E|a FAME e AL
Qolzt o Az, ¥4zt o 23 AEE 258 2
Mate], Al dRlE A5Es ) @xf A5Ee
H 3o 24 =ger|9} )= kA Yeht
o] Azt BAEE 7)eE FHe 5AS B4
PFS 913 AEE Algshedl Aok
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1. 97 CHAX}
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o] A= 2012 Al 938] A=A Frhet Gl 3
A7) AFE T oA AXlA 65 m oS 7|53
98-S o AL, YL 7t AFEY 2
128 B3t o529 2lAd EAx A7) ¥ 7]=L
<Table 1> 7t}
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N
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R poh
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2. AlE ZH|

B Al ARgE AP et

AL

A 2= <Table 2>9F

Table 1. Subject characteristics

3. 48 EX

o] Aol EAE JARe 20123 #|938] H=AA o
A3 A4S Sony HXR-MC2000 HIt] L 7hd|2} 42 o]
S3lo] g3t PRl F sk ¥k FAE A7) 9
3 <Figure 1>3} 72o] =o] 3m, Z°] 9m, =& 3m9 &
A 5L AR, YL Fhlet G4 60 fields/s=
ZdslH o, MEATEE 250 Hz2 A48T

4. MEH2| W 2 ol

o] 5 54 E45H7] 98 Kwon3D 3.1 =
28-S ol8ste] el w2l (top), ¥ (grip), EF (end)
o] Al A& olgste] = &7k FAREESL FAREo]
£ AREaiaion, Zol 7w 913t AHEE A Z(attitude
angle), 2] Z7Z}(release angle), Z2]3 &2 Z(attack
angle), &% 712717 (medial-lateral angle), & ZH(yaw
angle)y> <Figure 2>9} <Table 3>3} 70| Al&sISIT)

o) AMzt #EE 7= 2918 Matlab2009a ZE21
AS o] &alA A= o] Al EAHE #3H
<Figure 3>& AZXAXFOIN de|=7pA] dAsiion,

J

Height(m) Body mass(kg) Age(yrs.) Career(yrs.) Record(m) Official Record(m)
S1 1.81 99 32 18 83.99 78.60
S2 1.88 105 29 17 82.05 76.63
S3 1.78 82 24 10 74.64 74.64
S4 1.74 93 35 22 76.80 71.13
S5 1.82 100 27 12 74.27 70.42
S6 1.76 95 27 15 73.66 69.41
S7 1.81 88 24 11 70.28 67.17
S8 1.74 76 23 10 69.55 66.48
S9 1.82 86 23 7 67.53 65.09
M=+SD 1.80+0.05 91.6+9.34 27.1+4.23 13.6x4.77
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Table 2. Experimental equipments

Equipment Product Manufacturer

Photograph Sony HXR-MC2000 Sony Ins.
instrument Control Object (3 m*3 mx9 m) VISOL Ins.
Analysis VISOL Ins.

ins ent Kwon3D Version 3.1 Matlab R2009a Matworks ins.

Table 3. Angle definition

Parameter Unit Factor Definition
Z(0) m Height of release Height between ground and the javelin's grip at the instant of release
7%(0) m/s Release velocity Velocity of the javelin's grip
AN0) deg. Attitude angle Angle of up and down tilt of javelin(X axis)
7(0) deg. Release angle Angle of velocity vector at the instant of release
a0) deg. Attack angle Angle between 4%(0) and r*(0)
£50) deg. Yaw angle Angle between V%(0) and J5(0)
JX0) deg. Medial-lateral angle Angle of medial and lateral tilt of javelin(Y axis)

m. 4 a}

<Table 4>E |2 7+ Fo| FAlzol9}l A1AH] (%),
7183 FAREES UERE Flo|th

= 710 FARso|E B, Hit 1.7940.07 me] 0]
oM o] FAlE= ACE YERAL, FFAF S47F 191 m=
7P = AE Bl v IR} s89] A4 1.67m
2 7P B AAoA o] BAlEE EAS Bt F
AbEolel AlFFte] HlgS Yehd 548 HH, Hd
99.8+4.45%% it A7H(1.80 m) B} W zpAlol A 2]
27} o]folA e Ao Uk, AAle] A ol
dej=7} o]Fojx|= HFAR= S, S3, S5, S62 YERGA
o 932 Sd4e P 2 109.8%F AH(1.74 m)ol] B]s)
E2 AHE HRl v F8AF 2= AH(1.88 m)ol| H]

b0
P

Figure 2. Angle definition(Zatsiorsky, 2000) 3 952%9] w2 AAMA =7} o]FoXE B

Bk
El& Az A2, B2 Ag2w] 2%], B3 A 715 AHAR] ST F= gEz e FARRRES
Ak 27, 223 Bae dEl2E AAsiic FHE 54& A, sEEe] 39 Bt 20.09+41.85 m/s

Figure 3. Event set up
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Table 4. Factors of javelin at the instant of release

Height Velocity(m/s)

(m, %) Vi Vy Vi
S1 1.83 101.1 2274  13.64 26.52
S2 1.79 95.2 2032 1635 26.08
S3 1.79 100.6 2257 1197 25.55
S4 1.91 109.8  21.03 13.72 25.11
S5 1.85 101.6 2087 10.75 23.48
S6 1.76 100.0 1830  13.55 22.77
S7 1.74 96.1 1838  12.87 22.44
S8 1.67 96.0 1822 12.58 22.14
S9 1.78 97.8 1839  11.78 21.84
M 1.79 99.8  20.09 13.02 23.99
SD 0.07 4.45 1.85 1.59 1.82

Vy: Horizontal, Vy: Vertical, Vi: Resultant

i 13.02+1.59 m/se] EEollA
< Bt 7150] 7P E2 9
ST} 2652 m/sS HOl B 1)
R $AEE7E 21635 misE
26.08 m/sellA He]=7t o] Foi

2. ato| XMzt

<Table 5> Eventd “g°] “F317]1&7|(up & down tilt
angle, X axis)?} #97127|(medial & lateral tilt angle)

Table 5. Attitude angle of javelin to event

pl kil 10 L

Medial & lateral tilt(deg.)

) | I N N [
i % 10

Tine(ses)

Figure 4. Attitude angle of javelin

of Thek AAI 7 VRl Aol <Figure 4>E AF71%
719} 9770 ek e Wl HHoz ek
2ot}

el Az dste] APFAX axis)ell A vk
317127172+ Eventd 2 AR w37} 7k B #Hx}
& wolvl Fmsw) AR ANYENS Bt 193+
9.85°9] 7l&71ZtolM AXE= Ao JERdD, HdR}
S7F 7B 2 40.7°% PY 2 718718 By, Hdak

El E2 E3 E4
X axis Y axis X axis Y axis X axis Y axis X axis Y axis
S1 224 19.5 29.4 19.2 332 12.6 352 8.5
S2 40.7 532 36.1 36.2 403 21.5 39.7 13.8
S3 11.1 304 244 28.3 36.3 19.5 38.8 16.8
S4 16.4 17.5 253 20.8 344 9.6 334 6.3
S5 14.8 18.5 24.0 17.8 293 13.6 323 10.2
S6 23.5 48.7 34.6 374 38.7 27.9 37.5 24.9
S7 23.7 38.7 34.1 39.7 41.9 31.6 44.6 26.5
S8 14.4 33.1 28.3 334 379 26.3 37.8 14.4
S9 6.98 36.5 34.7 419 46.0 36.1 47.5 30.3
M 19.3 329 30.1 30.5 37.6 22.1 38.5 16.9
SD 9.85 12.94 4.87 9.29 497 9.11 4.96 8.51
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S3= 1L1°Z 7P 2k 7]1&7]0M A H = 548 HS
T}, Az2AxEH0 ZAHE)NAE ElRT & i
30.144.87°¢ 71718 BEiom, @A} S27} 36.1°= 7t
2 FA JeRtaL, J8AF S571 24.0°2 7 2R 7187
7S 1Y

AR ZAR(E3)N = Het 37.654.97°2 7]2717H0]
AAEA S92] - 46.0°2 7P E AAIZS 1ol wbA
of JgA} §59] 7§ 29.3°, 7150] 7 £ HPA} SI
2 33.2%] AAZ e R A EHE 54 Btk = &
ZHE4P] oMz FxH oz o] 718717F AR A&
HolHX H 38.5+4.96%04 Fo] FALE= Zo= e}
WAL, HE2E §90] 47.5°2 7Y F AAI 2R H]l RbHe
7150] 7P £ IFAF S1 35200 AAZllA] FAls
E EAS B33, <Figure 4> Yehd Aalr]&7)7ke]
A wWsts BHH AzlHom o] Asir|gr|zte] AA
WAl o] o2 MYAl= EAS Ho|a ok

AF2(Y axisllA £4H o] 97187174 AojA
T H@A; 7kl B2 AAE HolwA], A2 2E A%
o] FAH(E1)S Hit 32.9%412.94°2 $=07 FHo| 7]&
ARl AN ZA == A o= VERAL, 3¥R}F S27) 7F
F F 532°2 9502 FA 71eofR] AAZE Bl vt
A, YA} Sd= 175 7P 2R 7)27]0A FR| ==
e B Az AFe] AXH(E2)eIME ElRh
e HeF 30.549.29°¢] 7]&7HS Hlom, HEA} 97t
419°=2 7 & AAIZFS 1A, AR S57F 17.8°%
7P A2 Ao R AR H e EAS BT AR &
AE3)IME HiF 22.149.11°2 718717 0] ZrolxmA
S9°] A% 36.1°2 7P & AMZRE HRl Wil @A}
S4¢] 739 9.6°9] Aol FA = B9 Bt ¥
22 FTHEAR Jo= FRH =R o] 7187]7e] &
S AR Hit 16.9+8.51°2 Ho|HA] 9=} s47} 714
22 63°2 B, JFA}F S19] AS 8.5°¢) A ztolA]
fo] FAlE= 548 HAUT <Figure 4> Uehd 4
AHe] HelE B HARlH oz o] FF oz AA|
71 €712 G el #9718 7)7ke] ZolRA
o2 FHZd TRz 5L Hola Ytk

b

¢

D4

oM

o e e
™
2

<Table 6> HE|= £7F ] FA(release angle),
A7 (attack angle)s}t & ZHyaw angleys UERd Ho =,
A7+ Ae718712Hup & down tilt angle, X axis)®]
A7k PE] =7 (release angle)}o] xfo]& HERA Zlo]
o, Q 72 H97]87]7(medial & lateral tilt angle, Y
axis)Zt o] £EHE] Ato]o] HZRS yERd Zloltt,

|27 FAEY 54S B B 33.043.81%04

Table 6. Release, attack and yaw angle (Unit: deg.)

Release Attack Yaw
S1 31.0 42 22.4
S2 38.8 0.9 249
S3 279 10.9 11.1
S4 33.1 0.3 26.7
S5 273 5.0 14.7
S6 36.5 1.0 11.5
S7 35.0 9.6 8.4
S8 34.6 32 20.1
S9 32.6 14.9 1.13
M 33.0 5.5 15.7
SD 3.81 5.11 8.48

=7} o]FoA= B HAL, 7150] 7P 2 9
2} S10] 31.0°5 HQl whd P} S29) S5 FHE
THT Ao g FAEETE G4 JeRHA] 38.8°9)
36.5°% Thh FARZbo] & ZAolA =7} o] FoR|E
548 B2tk = o7 ] 3A7e AvEd, 1
A} bl Be AAE Ho|HA] Hi 55+5.11°2 AR}
S4, S2, S67F ZHzF 0.3°, 0.9°, 1.0°2 FZ7zto] zre E4
< Hl wHHo @A} S9¢] A9 1492 7Y & F4
7to g Fo| FAEE 5L Btk e+ B
o] £xHlE Atolo] AZS UeRd & 7t o= J
A2} 7ol W2 HAE HO|HA] Hd 15.7+848°2 I
2F 89¢] g FAZe] 7 2 54 2 A 2
8 7 1132 7P Fe 4xE By, A S4,
S2, S19] 7% ZF7; 26.7°, 24.9°, 2.4°% thA 2 o 7+
< 7K AL Fo] FAlEE EA4S BAth

V. = 9|

A9 A HIg A-E D7) flEixe 5, 3
W, o) 54, o] A%, A 82, AFH 891, A
AgellA w2 gRIZ7EA| ] Al Rt ohgt EgEr] &
mo} Yelz TRl AR, AR, FARe] i)
3 AA)7] ApA|e 2 7R S FEE oy Hldd
S99 Aszge s AAH(Kim et al, 2012; Park,
2012; Lee et al., 2009; Viistasalo et al., 2003; Maier
et al., 2000; Bartonietz, 2000; Morriss et al, 1997)%+=
d, o] @7 20124 A1933) AFA Mo FrHeE Lk
o gt g2t F 138 F oA AMoA 65 m ol
& 7153 A% oSt Yel= w7e) Fabzol,
BAE, T2 A BEE A0 Be) A
7t 347, 2 7% BEE $5EA adle] B4 BA
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Elp71=

715 AHAR] S = FARRS T FAREo|9]
EAS BHH, o =ole ARl ARET oF 1530 cm
E2 AR D=7t o]Fojxof slal(Bartlett & Best,
1988; Miller & Munro, 1983), Kim 5 (2012)°] <JstH
=Y Az} HFES WdeR 7153 FARzo|9t A
ANA 7150] F&75F 2 7] FARe]l =2 A
AAAE HoliA 7153 FAalzoleke] #EAd-S U
39Tk A 1995 53] ASEIAA A AN S e
A3 Morriss 5 (1997)°1 ©|sH 78.16~89.06 me] 7]
2ol|A o] o7} 1.81-2.06 mE B, 73] olE|ulA|
AdFAUs] A4S BA%E A+ (Campos et al., 2004114
E 7]20] 83.84~89.52 melAl o] Eol7}b 1.83~2.14 m,
113] QAFHAIAIXd At 3] A4 (International Association
of Athletics Federation[IAAF], 2007)°141 78.01~90.33 m<]
71Z2o e Ha 1.89 me] ¥olZ, 1 7P A= 13
3] tlAA A S A HERERE 3HS B¢ 4
ol oJ3HH 84.30~86.27 me] 7|Fol|A] e =ol7t HiF
2.00 mz AlgHQ] 106.8%2] & ApAolA] De]=r} o]
Fojz= 54 HAth

a2} o] AN E Ha 1.79+0.07 mE AAH] 9
99.8%% MALZE AFEHTE e AAdA Y|zt
o]FolA = EAL HYIL, Chae 5 (2011)2] AFoIx =+
WAR(S2)E BAE Aol oshd 72.03 me] 715004
1.76 m(93.6%)2] =o|5 HAATE, o] AFoA= 76.63
me] 7124 At =2 1.79 m(95.2%)2 EIATE, Ah
Aoz AAXFERT B AME BT webA Chae
5 (2011), Kim 5 (2012), Lee 5 (2009), Park (2012),
Young (2007), Viitasalo & (2003)¢] A7AE0] Hirg
ZAAE, |2 =7 dR 9 SR Azt we dEl=
=o|7h thZ2A Yehg ¢ AN AUATFES FAR S
=o)7] fEiME duF e A T8 #ES 7FeS
Sk AHE AHE FABEA =2 AT 7] oFX
(archys A dllof 3= A= & 4 3

N5 7P A L T PAEEE 715 94
g AAE YeRZ E, Kim 5 (2012)2] ATolM=
=866, Mero & (1994)2 r=0.74; 12|31l Viitasalo &
(2003)2] AT E 1=0.882 FAKEET} 7|20 FA] 7]
oJete A3= HolF3 tkBest, Bartlett, & Morriss,
1993; Mero et al., 1994; Viitasalo et al., 2003; Young,
2007). 53] =AY S A4S BA4SE Morriss
5 (1997)°] 28l 78.16~89.06 me] 7] =oA 282~
302 m/se] 25 BT, 78] olHdMAIXSANE] 2
Mg FA3 A (Campos et al, 2004)01A = 7]=0]
83.84~89.52 mollA] 28.5~29.7 m/s, 2007 113] oA}
AAXRFANE] AA(IAAF, 2007)°14 78.01~90.33 m2]

712 E 282~299 m/is, 1238] WIS HAAXFAHI
(IAAF, 2009) A4 7]50°] 81.32~88.95 mollA=
29.0~29.9 m/s, 12]3L < 133] tiAAIS A TAT 3]
E BEA3 Aol o5 84.30~86.27 me 7] EofA]
28.3~29.9 m/sE HSl A} Hlw & wf, o] Aol el
W Axjo] o5l F¥ETTF Hah 20.0941.85 misS B
A3, FAEEE HiE 13.02+1.59 m/s, 29 w2 IS
7t Bt 26.08 m/sollA] D27} o] FOIXHA] 7] 50]
=S5 St 2 548 HIARE AALREATER
o} oF 23 m/se] SEAPO)E HoFT Qi)

53] 113] SAFMIATANS] AAor &% 4
$ 149~188 misE Hit 157 mse £52 B, F
HEERT AFo g &SI} F4E 7120 £ A
° 2 YEpged], o] Aol FASE HeE 13.02 m/s
£ 1ol Z3} vwd ) B Jo|E BT} 71=0] 7
=2 AFA S19] S FHEERT FHEETE U
13.64 m/sE YA 76.63me] 71ES Hel HdA}F $2
o] A% 1635 m/s2 AAILBELNTEL & Afol& Hol
2| FUARE, AUA O R &R 2R HARE B 7]
Fo] We Ao B F ) o]AH FARKEAA 1m/s
o] zlol= 225-3.68me 7= x}o]7t MY (Viitasalo et
al., 2003)5}7] wjizell, FUAFEe] AL E HAyEe
7153} 10 m olde] xfolg HAFa glom, s A4

o] FAEEE A 7] fleixe sAolA B &
FE oX|(archyFEHloIA W 3H 52 B3l Lol &
532 AGA)7lE 7]&(Kim et al, 2012; Chae et al,
2011; Lee, 2003; Zatsiorsky, 2000; Morriss & Bartlett,
1996)°] 275 Ao 2 VeRdt).

FHEEL} FAEE AR o8] APEE FARRR] &
de|zzto] EAS WH HF 33.0£3.81°% FHEEHT
FAoR FHEEErE A4 2gek 202 YeptET,
ol 73] oHMAATHNE] (Campos et al., 2004)2]
Hot 33.5%1 27.7°~40.1°9] FAPHS, 123] WEAAAA
A3 AA(IAAF, 2009004 Hit 34.5°¢] 30.0~42.0°
FARAS], 223 113] QAMIA AN 3] A4 (AAF,
2007)914 B 34.6%0 31.9~39.9°¢] FAPHYES ek
A}t F Zpolg HolA| RUARE, 53] 2 HIAA MG
3](Morriss et al., 1997)2] 33+ 38l 36~42°¢] FAPH
19k 133] thAIAI A3 (Chea et al,, 2011)9] v
38.4%1 35.7~40.3°¢] FAPHSHL 22 Hyjzto g &
AbElE 548 BT

2 FE= agl = B 7w A 22 V1SS
W7l A5 28291 T2 AAz =7t atelll F
ZAzto] ZHe Aol fdk Ao = B (Kim et al, 2012;
Park, 2012; Chae et al, 2011; Lee et al., 2009; Young,
2007; Maier et al., 2000; Mero et al, 1994)3F A3} &

A

fit ot
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2], Viitasalo 5 (2003)2 Kim 5 (2012)°] <Jshd,
A7y} 7153k BAIZE e BEAS TR e e
2 Byd Ak A QAR 53] 29 A AL
A3 AXMorriss et al,, 1997)ME AAlzbo] HF
34.6°2 29~40°] AAZES Holir FAZ o] 345 H
<l whA, 73] oA Al A 3] (Campos et al., 2004)
oM it 36.3%1 25.3~41.7°¢] AA|ztol| F47zto] Hit
2.8°5, 12]aL 123] W SAMAA AU S (JAAF, 2009)0]
M Hat 37.6%0 32.3~42.7°9) AA|Zte 2 FAZMO] Het
3.1°%, 133] ti7AIAIFH3] (Chae et al, 2011)14 =
A ZEo] Ht 36.6%10 35.7~40.3°2] ApM| oA A7)
Wit 2.7°5 Bl A vwd of, o] At veRd ARA
7+S B Bk 38.544.96°2 UER, 1o e g4zt
o] Wt 555.11°% AAALE HAFERT AAZ &
Azyo] & AAA Ho] BAlEE EAS HA

Azl F A% ] w3 Aoz sl FAMA L
Folx= S Z Maier 5 (2000), Morriss 5 (1997),
I83 Kim 5 (2012)0] s, W A4S F
o] gulE H|g AFS wEY] LM e AHom e
A2 AHA fAshE Aol fEldt SRR B 4 A
th A2A2ERY 27K A7 BHH, 3225
28l AJze] ZXH (1S Het 19.3£9.85°, TR A2E] 9
AR (E2)eM = Het 30.144.87°, AR 2= (E3ellA =
et 37.6+4.97°, 123 2= FTHEAR] eMls Hdt
38.5+4.96°%, <Figure 4>l AAE ZAAH &z} 719
B AAE HAARE AXAH o2 AAzhe] ARAA F
o] FHOE MR 5AS Bt 53] IAFA $29]
G- A w] AZE 2 AAZS B9, ST S9
o] 9= AR ZA oA Fo] FHOZ TA MYA=
A7 Bl me, dEl= k] FAZME FA s
pFe AZ22RRE ] MRS AA A8k 7]
EFH9 a4o] 87Ee ZoE Yehgth

ok ollg} MFES 71FeR Fe| Tzl 9
oM = HEPA} 7hol] B HAE BAPA|RE, 222 A
Zke] A (E1)yS Ht 32.9+12.94°, AR 28] 0] )4
(E2)0M =t 30.5£9.29°, A A2 FAR|(E3)elM= Hat
22.149.11°, 28] HE= £7HE4)] JoAXE He
16.9£8.51°9] AA|ZLS Hol|A o] FRlH oz F2 o
2 AAE Ae1er1 g Fo] $S5uFgeE A
Al 71&01x] AAlA AR AR FA o] o]Folx]l & &
gz oM E ARFo7 FHZ FRe 5L B
FATHFigure 4), 715°] w2 3=} S6, S7, 123 S9
o] 7§ "ylz &7 o] wWEkzte] 24.9°, 26.5°, 30.3°
$502 7€l AAZE Bl mEr AEsE WEkd
AL HEME S FHEF 7R AAE wHEooF )
= Zo8 YEhst

53] Yoz 7 3o vl dsiel 37190 ¥4

(wind speed)z} 2] A4, 215 (vibration) 52 -2 o
29l19] F7]9 8 aerodynamics)?] £430] A E|o]of 14|
T YSH F BRF Aleld] 7S YEE & 7o) B4
< AEEY, 8 7he Fo Mg LAAA HE Al
Robbins-Magnus &35 AYSHA ste] o] H|gi A
% 3K(Best, Bartlett, Sawyer, 1995; Best, Bartlett, &
Morriss, 1993y & W¥5F ofu2} =27k oF 10%9] &
74 o] A Foll tigh 3d s v, 1o e 7t
S WINA FH A-E A= s 283t
o, FAREEolo] AAIME 5~10°U w) A< #A 7}
Qe AoR BIHT W, Kim 5 (2012)8] AFolxe
7150] £ AFE] A F 69 8 7oA del=vt
o|FR= B4 HAL, 7153 & 7] dAlA A
FA EAL B wjet 715 AFARJ] FFS F=
f8Rlog WY ot v & 8 7+ "z T &
fraste] H]IAR7F Fo] S5 (Maier et

al., 2000), WFHZ — 7ke] @ Zh(negative yaw angle)
ol AEe] digh Z2¥(spin) o2 ol wpzEs 3
(Magnus lift force)o] A3l FHo=2 Fg == 2
ezt H@ARL FoR e §AS TS 3
(Bartlett et al, 1996).

o] <1roll YRt FuUAFES] 2 Zo it EAS B2
™, Hah 15.748.48°Z Maier 5 (2000)°] AAIEH 5~10
ZAEHt & Az B, 7150 £ A}t Sl
S2, S49] 7§~ ZFzb 22.4° 24.9°, 26.7°% 71=0] W& A
FEHT T 2 AAIZolA dejz F2o] o]FoA=
Zo 2 VeI Bartlett 5 (1996)2] Aol ZRA4
S0 A9 Hat 9.64°0 & zHS WOl v $RAFE
o] 7%= 32709 A2 8 7+ HYA, 53] 2WAA
S FANE] (Morriss et al,, 1997)014E Ht 7.0%]
~14°9] M7 BSAL, WG| 2EES] A9 H 4°
8 Zhol|A gzt o]Folx= 54 BT 123
S DM AN FAN S (TAAE, 200900 = HE 9.1°=
6~13.3°¢] HeHollA Dej=r} o]FofA= AoR e
3, WL AES] 74 HE 8.6°5 K A vlw &
, =W AFES] AZte] & 5AE HolwA Hz
ol w3 S Est] vgAYE @A ske
< HATtHMaier et al., 2000). W o] Aol
G2 AFEe] e 715 S fEiMe HEs
22+ 18712, 2971871720 fAlste] 347
8 7h& M she AoE yERtTh

ol o] &S FFenH, o] &£ gz 17k
AN FARLE, FAME, FAREC] 18]l TR 7] A}A|<h
e 71 BAE B b8 Al el T8 &
3T, o] WIS 7 AE g eJsiA] vlg At

(=]

Z o7

(=)

r

[
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AREe AR W HAPAFolM Barse] gt} o] A
TolA =GR AFEe] FARRRIF e Az 3
e QRS BT Al ofshd, 7|5l 7P =A%
FE T PSR AALYE ARt dFes
2~3m/s ZaL, Aol Hjs] vk ApAlellA D=7} o] F
oARe 5A4e Btk 53] Fo Az A-ds] e
det71&717ke] Al YeRbEA o) mE FA7e] &
545 BAN, 29718717l loiM= AgZo] 7k
IS BolA &3 IR 7ZolR]l AHE B
of we} o] ngRR YIS F= & Zo] dAFS
2 %] 2 ZH(negative yaw angle)S HolAl= &UHA|
T dUEeRE & 8 7S Bo Y] WY S st
of Zol vigARE FA ke AR Ytk webA
= AeEe] Af e FAEES A4 s] S 9
AR SHF o] FARKE =o]7] flal AR -
7 AdE AR A e s 2EE o
HARE, o] A-HE AAE A e ddd A
g 717 ZHe] Bag Aoz Az,
V. &4 £
o] A= At 2012 A1933] A=A AR ARk
oF ek FAb T 1399 A F oAt 2ol 65 m
oPFe 75T Ag 9EE e R = #7He] FA
=o], FAKE, 28]3 A (release angle)?t ¥HH =
ARSI} o] AAZHCSE 1€ 7], up & down tilt angle,
X axis), &4 ZH(attack angle), %718 7]ZH(medial &
lateral tilt angle, Y axis), & ZH(yaw or sideslip, side
attack angle)?t ¥ 258 Q1S A s, Al &
YE MAFs3 Fi JA AeE] 54S vaFoEA
TaEziel ez el Yeiue el Az &
g 7led 1o 5A4e sk A71E s ST
AeR Agskedl 3tk olF f1El 60 fields/s® EF==
Sony HXR-MC2000 H]t]e. 7h|2} 4] & o]§3te] &g
saler, el we(top), 228 (end), 2|3l ¥ (grip)°l
st 33 HEE 47] 918 Kwon3D 3.18 22135
ol &3ttt & 73 HAHE A (Es1E7], X axis),
Y zzy, FA7E #F9712717F, 8 7ZFS Matlab2009a=
ojgste] AEF A vt 22 4ES EUth
2o AHAQ FEL FE FARS F FASES)
B 2608 m/sE Hol AALYE AFERT oF 2-3m/s
o] ke FAKKEEE BT FAREold] JoME Hea
1.79£0.07 mZ 217gH]2] 99.8%2] Fo|o|A] FARH o] o]F
A= ASE YA, AAIDEE AssErt W 9
2|4 |27t o] FoR e EAS Btk FARe| 9l
oME AALRE AFERt 22 Hat 33.0£3.81°9 F

AZhe B, ol &% 4EF &t iy

AT 1= O

[e]
2 A 54S noth 3 2% 28 ANCE)e

it 5.5+5.11° 283 & 72+ Hit 15
A E MFERT AL T4 22l 8 7o) 2
Aol A o] FAE = 54E BATh
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