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ABSTRACT

The purpose of this study was to investigate the relationship between distance and factors of javelin in korean male's javelin
throwing. To accomplish this purpose, the analyzed trail selected total 29 trails (subjects 9) recorded more than 65 m in the 93rd
National Sports Festival. The Kwon3D 3.1 version was used to obtain the three dimensional coordinates about the top, grip, end
of javelin. And the kinematic data such as projection factors and direction angle of javelin calculated using Matlab2009a program.
The statical analysis on the records (n=29) were used to Pearson's product moment correlation coefticient. There was a statistically
positive relationship between the records and horizontal velocity (r=.866, p<.01), height (r=.541, p<.001), height rate (r=.373,
p<.05) and horizontal displacement of javelin (r=.749, p<.01), but the medial/lateral velocity showed a negative relationship to
r=-.663 (p<.01). The attack and yaw angle showed not a significant relationship between the records, but the medial-lateral tilt
(El:r =-.557 [p<.01)] E2:r=-.629 [p<.01], E3:r=-.528 [p<.01]) and attitude angle (E2:r=-.629 [p<.01], E3:r=-.619 [p<.01])
of javelin showed a negative relationship between the records, as well as the projection angle of javelin (r=-.419, p<.05) showed
a negative relationship between the records.
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ole 7|ECIAAT, GA7] Ao AN EAHES
Helo)] wet A4 A3lE EATHKim, Ryu, & Park,
2013). 7189 FAE 2ol T WelEe] HaHow
Agshed, 2, G5, 3] WEsh 2 @A) 3434
=4, o QA A% B4, 42H e a2l AY
9 ARY B4 7168 B4 5 D9 2] 28w
UH(Kim et al., 2013; Kim, Ryu, & Lee, 2012; Young,
2007; Viistasalo, Mononen, & Norvapalo, 2003; Bartonietz,
2000; Maier, Wank, Bartonietz, & Blickhan, 2000; Morriss,
Bartlett, & Fowler, 1997). Young (2007)°l <]shd el
A7l Ank, 23k v Al FE 2] vl &2 Al
7ol B2 ¢l (force)o]l BT FHOEA, I}
(power)&Ql =RollA §(force) X}t &= (velocity)’} T2
F Jee she A0 nIs %], FAlso|g} A
A4 F Aole] AAF B4 AL A A 3
4, Qo= el Al LEF WAL ALY 5
L E9E1% Felx el 29, Y, 2Y 5
o] TQo3A F-&stth(Park, 2012; Lee et al, 2009;
Young, 2007; Zatsiorsky, 2000; Kaufman, 1999; Rich,
Gregor, Whiting, & McCoy, 1986).

=8 o] vjarge 298] Sue) D)z 704
QA7) Ao SlallA] UERRs 715 S0l ejs) 24
=d(Kim et al, 2012, 2013; Park, 2012; Lee et al, 2009;
Back, & Kim, 2001; Mero, Komi, Kotjus, Navarro, &
Gregor, 1994), A3 Aol A= e FAKE, FAR)
%, AL FAREole] FARAR], A 71871, SHAIS} A
o] A7}, o] AAZta} B o] Q15| o aRgo
olafir Hlg Agl7t AEe 2 0E BAskal JTKKim et
al,, 2013, Kim et al., 2012; Park, 2012; Campos, Brizuela &
Ramon, 2004; Viistasalo et al, 2003; Zatsiorsky, 2000,
Whiting, Gregor & Halushka, 1991).

Park (2012), Lee 5 (2009), Young (2007), Morriss2}
Bartlett (1996), Zatsiorsky (2000) & Z& A3atE<] ¢
sHH 8421 dA)7] 2= AA "Blg FO0=2 WA=
Zo] MeF3 3Ee Ed(torque)s IA T 2A Ao
7 EFE ol HoAAF sk, =l FdA7] A
9] 7d-%(Lee, 2003), AR 2A] Al 253 Blold 2
2oL ZA ] dyde] v BAS B, sglolla dAld
EIE o]g3l] d& 2FF;( momentum)S ELFO 2
of o] A7IA] ks wAKS AT & slElE
AR ko' o] AlA|lF4lo] Ao R X1y
A sta, sl8lE EAH FJox A (Béticher &
Kiihl, 1998; Bosen, 1985; Lee, 2003)0llA] =5-2] &2
FEHYoR EAES WA= Zoltt ol g dele ¢
3 HE Ede UA= e dFEA Y a3
(whip effect)Z & &S W] U9 B 5852

2 AorFleaA Ao L5aAE de Ao T F
A tHPark, & Yoon, 2010; Young, 2007; Zatsiorsky,
2000; Bath & Kearney, 1996; Kearney, Bath, Prasad &
Yuan, 1993).
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w9} 7153ke] BAel oI Viistasalo 5 (2003)2] A+
M= r=0.88, Kim 5 (2012)014= r=.8662] = &
AE HoldA 7|5 A 7oste ZAeg Uehli
A

o] Aol wHH ol 7t acly W eF 54
S AHBEH, A7 (attitude angle), FAM (release angle),
A7 (attack angle), 28] 2 Z}(yaw or sideslip, side
attack angle)°] 23 QAo F Z&(Kim et al, 2012,
2013; Maier et al, 2000; Best, Bartlett, & Morriss, 1993;
Bartlett, Muller, Lindinger, Brunner & Morriss, 1996)3}
|, A2 FAREe] Zpol’l FAzto] 0l 77k W
F7E fAlskE Aol B8FQ TR B F Ut
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3.1°, 283 A 2011 AIAISAA AT S]] A4 (Chea
et al, 2012)° F7ket A4Sl o Hat 2.7°2 A
Akt FArzEe] WFzto] fAlRE 3 AZES HolA|Rh =
W oz} AFES A3 Lee 5 (2009)2] A7olA ¢
Aae "t 8.1°, &9 AFE Bt 93°%¢] 34742 B
AL, 9238] A=A 7FeE oAz A7) 117¢] A4
52 e R 48 Kim 5 (2012)9] AFox= 34
Zto] et 4.5%0x Fo] FARE o] AALRE AFERt
i A7) & EAS Btk Jul JxdeEe] 54
S AT Park (2012)% FA7ZF0] HiE 6.0+£3.52°% %
AA A E ARt ta & 725 Bled], ol %
< gezztow Qe ¥Aze] & Zleg Hisielth

53] o] v} AHE 2 Ziyaw angle)l]l LoiA,
5-10°9] & 7} FAREESRe]l AAleM AF 2 B
(Best, Bartlett, & Sawyer, 1995; Best et al., 1993)&
Holz|wh, 8 Zto] & A% Fo ¥F s st
(Maier et al., 2000), —2] £ ZH(negative yaw angle)<
Feol A= tist 2H(spin) o2 Fol| vlaTs §
(magnus lift forceys XA Fo] F2A 53 "0
v A7} ZolthBartlett et al, 1996). 200981 A
ASFAFAd3] Aol 7R ARAFES B4 A
T(IAAF, 20090l ©]3HH, H 9.6°9] 8 7S BHGARE,
HEB|2ES] A9 HiE 12.1°2 v 87| & EAS
1ol Azt &) Bartlett 5 (1996) ZHXA4(9.6495 K
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Table 1. Official record of each throwers

1th 2nd 3rd 4th Sth 6th record

Rank1 PHM 75.85 78.60 74.82 - 74.57 75.80 78.60
Rank2 JSJ 76.63 X X X X 76.63
Rank3 PWG 70.83 74.64 X X X 70.14 74.64
Rank4 KYH 70.84 70.41 X 68.52 69.90 71.13 71.13
Rank5 LHM 68.26 X X 62.57(x) - 70.42 70.42
Rank6 LSW X 67.10 X 69.41 67.32 68.62 69.41
Rank7 LHW 67.17 66.10 X 67.17 66.59 67.16 67.17
Rank8 KTY 66.48 63.04(x) 66.28 - 65.61 65.30 66.48
Rank9 KDH 61.98(x) 65.09 X - - - 65.09

o - AFGT)ETE 8 o] A2 AIE HUSL,  Table 2. Experimental equipments

Morriss 5(1997)°] 17l oJsd 1-14°2 A5 2kl Equipment Product Manufacturer

B ZolE HIANE HEB|AES] - 4-7° Alo]oflA Photograpn SOy HXR-MC2000 Somy. Janan

gel= o] olFolE AR Busha Ak instrament OO OBIeSt 607 oreg
U oz} A5 ANFE BAF Kim 5 (2012) (339 m)

o @relie 2 325202 A Tun e e A T RyED V3T VRO Kone

HE BIA, 7153 44 BAE HoldA 7]Fo] 9
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58 o= 7153 o] Wkt #AHE AAEE A <Table 2>9F 7] Sony HXR-MC2000 HIt]Q. 7hH|2ket

T 8-S wlgk AAe Stk olE fJal o] 7= Kwom3D 3.1 ZEI#, 72]Y Matlab R2009aS ©]-8-35F

933] A=A Frkeh 1389 @A Aes FoM o E4sinh

7153 A 98E o2 IAA7IFE 6
A ZV17HA] AJZ7E 297) A1719] 7)1E3} BAlERo), BAS:
%, 2EAL FAE B FARaRlS ] Wkt
AE A7, BAVzE, 247 aEa 8 2] B B
Aate], Ax7] o] 7144 S gukg o] v
g AAet 4718 FEE 1T ARR A=
it

II. Q14 gt
1. 947 CHARRE
o] ATE 938] AR BN WA FEA| 7] M

= (height: 1.80+0.05m, body mass: 91.6+9.34 kg, age:
27.1+4.23 yrs., career: 13.6£4.77 yrs) & Aol 75k 9

Als]

3. Hx}

FFEAS 98] 60 fields/sZ #9 == Sony HXR-
MC2000 H|t|.Q. 7hi|2} 4iE o]8-ste] EFaalom, 4
Al ok 7 HRE A7) S8 =o] 3m, 4]

9m, % 3me FAK 5 HAskATH(Figure 1).
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Table 3. Angle definition (Zatsiorsky, 2000; Kim et al., 2013)

1

MVER  BEAN POLE

Figure 1. Setting of control object and camera

Parameter Unit Factor Definition
A40) deg Attitude angle Angle of up and down tilt of javelin (X axis)
#(0) deg Release angle Angle of velocity vector at the instant of release
a“(0) deg Attack angle Angle between 4%(0) and 7(0)
S40) deg Yaw angle Angle between VX(0) and J5(0)
J0) deg Medial-lateral angle Angle of medial and lateral tilt of javelin (Y axis)

‘

Topup

Akm) of down
ak(0) \
*0)
z 1*0
.BZ(U)
i
= )

Figure 2. Angle definition (Zatsiorsky, 2000, Kim et al., 2013)

FAMZ (release angle), 327} (attack angle), 2% 712712
(medial-lateral angle), Z2]3 2 Zh(yaw angle)oll gt
B2 AAE <Figure 2>9} <Table 3> 701, o]
2918 Matlab R2009a X2 13-8- o834 A=E3ST).
o] dAFelA] BAE PR i Ao =27k A
Aagen, E1e @ % 23X, E2e AAE 2, B3E
dyz £7o 7 A AEE FAlgo], FAKLE,
a8]al FAzERe] ARSI o] WiEkzby AE A}
Az 347 a3 2 7o) 2538 2919 7153
HAEZ FHE7] el SPSS 160 A Z2I(IBM,
USA)®] Pearson®] J¥HEAlS Fall A5 silom, 79

TS 052 ARSI

nm. &
1. &o| 0|2} oSt

<Table 4>= HE = =7+ ] FARsolel A14H])(%),
a8]3 7123ke] BAE e ZlolH <Table 5>= A|A]|
W ZR oA | 27bA] Fe] e ML ek 2
719} 7153} IAE YERA Flolt).

)= F7F o] FAlEolE HH H 1.7320.09 mol]
Al o] FAlEE AFOE e, Al g vl&
(%)ye B Ha 97.0+5.01%2 D= Eo]7} ARxle] 4l
AR 2 2AOA] FAEE 5L B 715 F
Abzolete] AAE A4S Aol of5hH, 7|15o] &5
5 =2 FAMEE HolHA 7153 FHBA(=541,
p<.001)Z HAT}.

Aol M E =373(p<.05)2] FHAAES HolH
A A7l frAkg FAREC)7E 7150 £& 54S Bt

58] AR ZRJeA D=7 o] £HI 77 o]

BUNY 542 AR, FHEse dloiHE B
0.710.11 m 7= 34e] A7} T e 54 6l A

A slok e Ao vekgrh 71%0] F2 ANFE
o 1.40£0.17 mZ oh2 AFERT A7 71
2 RYW, 7150] HLSE FHANL A 54

siet.
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Table 4. Height and rate of javelin at the release moment

A®=5) B@m=l) C®3) Dm=>S) E®m=2) Fm4) Gm=4) H@m4) I@n=) M=SD
st m 1.74 1.79 1.67 1.83 1.64 1.70 1.67
S
% 96.1 95.2 93.8 105.2 90.1 93.9 96.0
ond m 1.83 1.79 1.81 1.67 1.6 1.78
n
% 101.1 100.6 104.0 94.9 88.4 97.8
m 1.75 1.64
3rd
% 96.7 . . . 94.3
m 1.78 1.76 1.74
4th
% . 102.3 100.0 96.1 .
m 1.81 1.75 1.63 1.68
5th
% 100.0 100.6 . 92.6 . 96.6
6th m 1.79 1.63 1.91 1.85 1.61 1.62 1.62
% 98.9 91.6 109.8 101.6 91.5 89.5 93.1 .

M m  1.78+0.04 1.79 1.70+0.08 1.82+0.06 1.75+0.15 1.674£0.07 1.67+0.07 1.65+0.03 1.78 1.73+0.09
SD o 98.6+2.13 952  95344.68 104.4£3.49 95.9+8.16 94.7+3.78 92.0+£3.65 95.0+1.58 97.8 97.0+5.01
Correlation of height (m) r=.541**, Correlation of height rate (%) r=.373*

P<O1¥% p<.05*
Table 5. Horizontal & vertical displacement difference of grip from support leg landing to release moment (unit: m)
Am=5) B@m1) Cm=3) D@m= Em®m=2) Fm=4) G@m4) H@m4) I M4+SD
st Hp 1.27 1.38 1.24 1.47 1.18 1.21 1.28
s
Vp 0.69 0.75 0.67 0.85 0.64 0.60 0.70
ond Hp 1.65 1.16 1.39 0.99 1.22 1.06
n
Vp 0.8 0.80 0.89 0.71 0.57 . 0.77
H 1.21 1.1
3id 0
Vp 0.65 . . . 0.63
Hp 1.38 1.11 1.04
4th
Vp . 0.87 0.86 0.67 .
Hp 1.47 1.38 1.03 1.21
5th
Vp 0.73 . 0.81 . 0.75 . 0.69
6th Hp 1.38 1.28 1.21 1.48 0.99 1.07 1.04
Vp 0.71 0.64 0.92 0.81 0.69 0.58 0.65 .
M Hp 1.40+0.17 1.38 1.23+0.06 1.37+£0.10 1.33+0.21 1.03£0.06 1.14+0.09 1.16+0.11 1.06 1.244+0.17
SD v, 0.72£0.06  0.75 0.70+0.09 0.87+0.04 0.73+0.12 0.75+0.08 0.61+0.05 0.67+0.03 0.77 0.71£0.11

Correlation of Hp r=.638**

p<01** Hp=horizontal difference, Vp=vertical difference
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Oﬂ};
AT

EE
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A
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= 57k A% )9 8

23} B3}

7)ol
2, 22l A=

oo

= By
weh 7123 9
o Vehg
= 7153l 4741(

(Vo) 7183kl #A7} ke

I, 7180] @¥&4sE £t 2
e AEEE A
THEZ(Vy)Pll A=

&5 1Yo
A sfof ke A
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749, p<01)elA H& ZAAAE B
ERaL, 7150]
= *Jz“ E7P e 5 é% RO Qi) 58] FAEE

S-S BoFL 9l%0l, 7]
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Table 6. Velocity components of javelin at the release (n=29,

Table 8. Release, attack and yaw angle at the release moment

M=£SD) (unit: m/s) (n=29, M+SD) (unit: deg)
Vx Vy \'7 Vr Release Attack Yaw
A (n=5) 1.3 20.9 13.0 24.7 A (n=5) 31.9 1.8 73
B (n=1) 24 203 16.4 26.1 B (n=1) 38.8 13 1.1
C (n=3) 26 20.6 12.8 243 C=3) 319 74 11.6
D (n=5) 1.4 204 142 24.8 D (©=5) 34.8 24 33
E (n=2) 0.9 19.6 113 27 E(=2) 299 3.5 6.7
F (n=4) 4.6 17.6 12.9 21.8 F=4) 36.3 22 o4
G (n=4) 35.3 8.3 12.1
G (n=4) 42 18.0 12.7 220
H (n=4) 35.5 43 32
H (n=4) 4.0 17.3 123 212
1 (n=1) 34.1 13.9 12,6
1 (n=1) 6.0 174 11.8 21.0 D 2 3 20
M+SD  2.85+1.60 192+1.74 13.0£1.15 232+1.75 2.76 3.52 3.80
Correlation r=-663** r=.749*%*  r=141 r=.811** Correlation r=—419%* r=-360 =011
p<01%* p<.05*
Table 7. Attitude angle of javelin to each event (n=29, M+SD) (unit: deg)
El E2 E3
Attitude Med/Lat Attitude Med/Lat Attitude Med/Lat
A (n=5) 29.7 16.0 324 10.8 33.7 79
B (n=1) 352 36.6 39.0 21.0 40.1 14.1
C (n=3) 24.1 29.6 35.4 228 39.3 19.2
D (n=5) 26.7 19.5 36.0 11.4 37.3 56
E (n=2) 253 15.4 30.3 126 33.5 7.6
F (n=4) 352 33.1 39.0 25.6 38.5 22.1
G (n=4) 34.6 383 417 32.0 437 24.4
H (n=4) 30.3 30.9 39.1 227 39.8 14.6
I (n=1) 32.5 417 453 36.9 48.0 30.8
misD 3l o2 303 549 393 779
Correlation r=—289 F=—557%% F=—644%* F=—629%* r=—619%* F=—528%*
p<.01%*

<Table 7> <] Wzt AAs)] 3 & 2R (ED), A
Ak ZR|(E2), 2813 E2l= 7HE3) Fel AAZHup
& down tilt angle, attitude angle)s} Z$-71-27]1ZH(medial
& lateral tilt angle)e] =719} 7153} Wekztate] AAE
yeRd Zloltt. e AA|zte] A7)1E Awnd, 3 o 2
Aol oAM= HE 30.144.20°S BAA T, A A2 2HA]
ol ME HF 37.0+3.95°, 2|2 DE|= 700 ol H

7 38.5+3.93°2 HZH o7 ApAzto] AR = EAS B
Th(Figure 4). 28y XA 229} |z =7 2pA| 2t
7123 FA YdAME =629 (p<01)SF =619
(p<01)2] F-AAAE HoldA 7158 FIA1717] s
= AAZHE A fREoF she AR YERsT
9718717kl oA o 2R oAM= Het
27.149.12°5 HAARE, AR ZR| A= Hat 20.1+8.49°,
2o gz w7kl loiA] W 14.8+7.79°= A7kt
g AzH oz #97)g7)7te] HoAE 5SS Bt
(Figure 3). &y} 7|153e] #AE AHEH 3] @& 2K
of JoIME =-557(p<01), AAL A= =-629
(p<01), 2L Y= £7HE =-528(p<0)E 7|=F=
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Record(m)
2 = = =

B4

Medial/lateral velocity(m/s)

Figure 3. Correlation between record and Vx

80

= = - -

Record(m)

=

R Sq Linear=0 56

6415 [6 7 18 g il 1
Horizontal velacity(m/s)
Figure 4. Correlation between record and Vy

<Table 82 ¥|= &7+ 9] FAFZH(release angle),
FA7Z (attack angle), 2222 & Zh(yaw angle)?] =719}
7153e] AAE YERA Aotk

= =7+ FAMEY] A4S B He 34.242.76%0A4
Fo] FAlEl= EAS B, o] Aol verd 7153
o] AA) oa A r=-419 (p<.05)2] FHTFAZS Ho|HA]
715 e fsiie FAEES A Slof ke AeE o

Ehttt. A} FARe] ApolQl T4 A7) A
B, Bt 4343.52°5 HolHA 7153 v
(r=-360)2 HAAT, 7150] F2 Ast B 4+
13°5 B9l 2 7153ES Aeie a44= 2 8
oF she Ao2 yEyi.

71271743 el SEEE Alold] 7S vER &
ZHE Bt 8.043.80°8 WERNHA As 7ol B2 At
S 2ol wet 715 ga v WAlE B3l

V. = 9

HRA7) 7150l wlAlE 291e 44, A2H, A 2
A, 725 |A7) e 1ed ale] BgHow &
gaktl, o] Aol 038 HAH FrHe WA} A
FE F 65 m oS /15F A% 03 O 13
715 G AER A 207 A7) e =

2oL g Ztol ik o) Wzt dEE 54 7
o] FAE FAEUT o5 Fall GA7] AAle] 7=H
SHolA SuE ol WIS ANst] A7E
A A5=E AlFst=t Utk
71500 FHAR IS T FARRS] T FAEEE
7150 7P A B Fe QRIeE VIS UwHE B
AZ Y2 dEd, Kim 5 (2012)8] dFoA =
=866, Mero & (1994)2 r=0.74; 123 Viistasalo %
(2003)2] AToM = 1=0.889] = HAAE RHAFT
(Best, Bartlett, & Morriss, 1993; Mero et al., 1994,
Viistasalo et al., 2003; Young, 2007).

o] Aol et St AeEe] A £59 5
AL B, J955(Vx, Figure 3)7F B+ 2.85+1.60 m/s
(r=—663, p<OHZ 7|53 FHAAE HAI, THEE
(Vy, Figure 4)°ll dole H+ 192+1.74 m/s (=749,
p<0Del BABA, 2 FHEE M= Ht
13.0£1.15 m/s (=14DE 7153 A7 §le 58S &2
Aok 2y FEEE QoA W 232+1.75 m/s
(=811, p<ODE 7153} =& AHIAE A=, AA
SATANE] Aol gt dRE AeE9] - 282
m/s®] 2] £ =(Chae, Yoon, Lim, Lee, & Kim, 2011;
IAAF, 2009; IAAF, 2007; Morriss et al, 1997,
Campos et al., 2004 Hol= A} H|wE of, =] 4
TE AT A2 AAE HAFA Utk | mise
ok 225-3.68 me| AElE 7K Viistasalo et al., 2003)
AI717] wizell, AL E HA5E34e] 715 2polE 9]
7] flEiM= Aol B e e TS B9l
Fo] ALAIE 7]1<(Kim et al, 2012; Chae et al,
2011; Lee, 2003; Zatsiorsky, 2000; Morriss & Bartlett,
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p<05)Z 7|1Z3} FZ 37 (Figure 6)5 HIATH ez o
2 A dE AFERT B2 Folda] HE|=Tt o]F
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THKim et al, 2012; Chae et al., 2011; Park, 2012;
Lee et al., 2009; Young, 2007; Viistasalo et al., 2003).
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al., 2012; Park, 2012; Chae et al., 2011; Lee et al., 2009;
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o frelabAl g, o] A7l Lk Azl ols
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e o] dAtellA 7153 FARe] BA (Figure 7)
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