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ABSTRACT

Objective : The purpose of this study was to investigate the velocity conversion coefficient and invariance for the optimal phase ratio on the performance

of the women’s triple jump.

Methods : Three-dimensional kinematic data were obtained from the three finalists of the women’s triple jumper competition at the 2011 Daegu IAAF World
Championships. Computer simulations were performed using the biomechanical model of the triple jump to optimize the phase ratio for the longest actual

distance for all athletes with altered velocity conversion coefficients.

Results : Top elite triple jumpers showed better technical consistency at the phase ratio. Also, no consistent relationship was observed between the loss in
horizontal velocity and the gain in vertical velocity across supporting the three phase. In addition, regardless of the magnitude Al, all athletes were optimized
with jump-dominated technique. Finally, as the magnitude of Al increased, the athletes showed better performance. The obtained overall distance jumped

showed the longest actual distance when the optimal phase ratio was transferred from hop-dominated to jump-dominated(the step ratio was 30%
when the optimal phase ratio was transferred from balanced to jump-dominated(the step ratio was 27%~

~31%), and
20%).

Conclusion : Future studies need to be conducted in order to explore the active landing motion and the inclination angle of the body with the velocity

conversion coefficient simultaneously at each supporting phase.
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[.A &
A7 Ul 7S] BokEE & shutEA mE AvEE
Agate] Al He AxE Fs] it 7]y Ago] &
T F2olthLiu & Yu, 2012). AlY#7]9] 7& 48&
7t AYE S5 AR Ural o) HAERE dlst

Corresponding Author : Jae-Kyun Ryu

Department of Coaching, Kyunghee University, 1732
Deagyeong-daero, Giheung-gu, Yongin-si, Gyeonggi-do, Korea

Tel : +82-31-201-3765

E-mail : ryu69kor@khu.ac.kr

£ a7z Z43vish KHU-201307002] A1l s a7Aw]

o] 7l&& Wt glom, & Az, Ax 4xd
2~ ¥(Hay, 1992)°0.%2 &3ty 18]3 &
T w4 Tl weh @E7] A v

o] O 216 ]‘— /\11 o) 06:] JJ—O]

W
~
B e
-
N o

3
_l
fnj
it
o2
o do
ofk

01-_4 @zﬂ-}\]y] H%l %
Yeadon, 2010). Al¥+=7] 77183} %ﬁi% ?i?LEJ T
A eQowe FER UTEA T

AN 7P 7R ARE A | AR g9t 7+

o A HAEAZ 2HT

rsL'
X
Z
@
:3
5
=
[s}=}
M @e Mo

()
mi
=2
X
3l
=
>
(B ool

Copyright@ 2015 by Korean Society of Sport Biomechanics



40 Jae-Kyun Ryu - Jae-Kwan Chang

T H3Kgain & loss velocity), 181 &% TS &
st HA 9 AT Ve A%t 2 e ¢ vE ¢ o
2o A5 23 w331 QthAllen, King & Yeadon,
2010, 2013; Liu & Yu, 2012; Song & Ryu, 2010).
A7) HA9 =Hn]7l HA H Ag)(actual distance) ]
& A, Al = A a8AQ Bl e Vs
lo® AL QA areEolAof gt} ot FHl=
A ] Wl - AEE A Alole]
7F Az SRAQ B Q7] wiiEel A iR A}
of Agret sAnl7} EAS(Liu & Yu, 2012; Yu, 1999;
Yu & Hay, 1996; Ryu, 2005; Song & Ryu, 2010), 5%5-52)
S5 Agk Alo]o] AY wAelM e 7E71E S A8l
o] glon olF #AE V& fEs @@&‘E—E}(Lm &
Yu, 2012; Yu, 1999; Yu & Hay, 1996). “18]1L Z} =7
T sl JA8 olF A7E A e
o g3 ?21#‘: *}OH A% WAz A5z =HnE

itk 3SitHAllen et al., 2013). 3k Alvk

e
=
3|

2 o

o

R84

}:o

N
4]

> b
}IL,_A_‘FE

7 o] A% A Aolel] BAHOR £
g AV glow de o sl e ¢ sl Hlsl 8-
TAEKLE A8 nlgo] vl si9ivk 53] AldH7] & A9
gold Aol Ha ¢ A9 71Eo] ZF = A|x
Xl LEeUAE F7H171717F golsithz olfo] St
319 ChAllen et al., 2010). o]AE A7) ARBATEL o
PE ArES deE NI A7) T 7P 2 715s 2
3 AZIE BN AR AdEete] 858 252
ol MlEE FARSle] 11 5A4ES Rl ol#eh
T4 @JJM 7150] et A sl o Fe
A 54% deled A stk 28a olest AvE
HpEro 2 737]2210] 53k Mg FAsle] Rd2 A|A|9ck
& 3l 215 Adp] flsiMe Harlse] Ay
ofokgitt. et A71ge] Sk Ze # wel A7)y
o= Brhy) wrke deht Qg QU A7 B}
xko—x]é Brlsh= Ao nlgAe Aol
1 S ﬂwgf WA £5020 g 7h
5] 7E A S]]
oH L= b s A3ty A=

12 4
o
2
>~
el

A e A 18] 24 4% el A 42
st gl ARdelel, 371e] W A5ES & s 97
2 wet $571% 599 Fhade] dofg & A o
0] A55o0] Fgo] B ATH Aeleld] 5716 2715k

o,
N
Wi,
ne
2
=2

371 3 Bl @Al A8sl] Al v

o & g Apleh 19
o E712 A o= 475 FUS o) 54 we ¥
A7]eA 7] =0 om%»a}x]

231 7 WIUM A719e) Aolrt AR g 2

A stk o] Ao EALS Ay AAAERE 7 e
TS ARl S5AS B Ve 89 43T A
7] 2 AR AEetel] SEEE E(loss) Y &SR 0]

S(gain)Ato]9] & Al (velocity conversion coefficient)E
ARt A8k © SnlE AR Zlolh

1. o o

7] Aol Rt 191014 390l o
oz AAsilcy 49 A7 ]*(tnal 2
s hds] s farlz)ek Tmlﬂi o
A Ao FEA o2 3719 A7
A| ] A ZTHTable 1).

o] 3¢ A= 2011 T A l # Ay 3] 011} At

g

2.

>
fuicc)

612l Sony HIH]27FH2HPD170)+= 60 frames/secS] 2%
58 337 vl 3(three) AEZPOIEM ReARE 2
A7) 58S sk Rk 1970 AIA A
LT(Direct Linear Transformation)® 3= &3f 32
FRstl FAN 52 FEl 3Akd A 3t 2319 A
A7) Slsto] #ofol AREHST
ot vt ebete] fIXe} SAE E1ke] 1A %
<Figure 1>¥} o] AAJslglal, vt eshel= #%e] &
WeElle WAE] st 23 Witel kAl Alzbst FhdlEt
e vRIAE olgsto] uAAZTE T8ar 3uie] FhHlet
(camera 3, 4, v S5 TEE wh ddE UYdsto] &
G Tl FHHEES Sl FHEE Kl A £9
$t o] anchor points”} ¥%=% dto HYGsIGiry HlH] Q7|
2} =EAIZRS 1/500 sec® AGSILE EeEY] RS wet
A AR 7708 BAIR BelA 8470e) FARES BRI
PRA ) 3(three) AESRO|E, &, AR 2|3 HE7) FEEHE
e g% Ag)Bgold A& (calibration volume: 25 m
long x 1 m wide x 2 m high) ©& %hzo] 7H2} AgjHgo]
Mol ARSIty ZzlB o] QA= 1.04 em$lth

mlo
g

ko2 rlr



The Velocity Conversion Coefficient and Consistency for the Optimal Phase Ratio on the Performance of the Women’s Triple Jump 41

Az Jole XFs SR Y5 Ak ok Ht) e glo]Ze] =3te A 23 AHE A7 trials) >
WS T97| FR2 eEFoRE AASY, YES S227]  Kwon3D Motion Analysis software(Visol, korea, CO)E ©]-8-5}o]
29} B 2FS Tk o ANt 252 & AER Fusampling frequency) 60 Hz= TA|EF] Y (digitizing)
+27] T2 Ao Awsiy $1% W STt

ok
o
%
o
ofr
—_/
¥

Table 1. Heights and masses of the subjects and official distances, actual distances, phase distances and phase ratio of the trials used for the
computer simulation

Subiects Height mass Official Actual Hop Distance Step Distance ~ Jump Distance Phase Ratio
! (m) (kg) Distance(m) Distance(m) (m) (m) (m) (%)
14.94 15.13 5.74 427 512 38:28:34
14.68 1495 5.69 4.09 5.17 38:27:35
Olha 1.76 58
14.65 14.87 5.63 4.15 5.09 38:28:34
14.48 1472 5.60 4.01 5.11 38:27:35
Foul 15.07 528 4.10 5.69 35:27:38
1472 15.07 533 4.24 5.50 35:28:36
Foul 14.75 534 4.10 5.31 36:28:36
Olga 1.83 62
Foul 14.89 527 420 542 35:28:36
14.89 15.13 540 426 547 36:28:36
14.54 14.83 553 3.87 543 37:26:37
14.64 1491 5.81 3.96 5.14 39:27:34
14.67 14.85 5.58 440 4.87 38:30:33
Caterine 1.80 70 14.81 15.10 5.70 427 5.13 38:28:34
14.84 1497 544 436 5.17 36:29:35
14.80 15.10 5.76 4.14 5.20 38:27:34
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Figure 1. Multi-camera experimental stet-up for a 3-D kinematic analysis of the triple jump
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Takeoff Touchdown | Takeoff Touchdown | Takeoff Landing
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distance distance distance
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Figure 2. The last three strides of the approach run, takeoff and touchdown distance, landing distance, flight distance, each phase
distance, takeoff and touchdown height and actual distance. TD: touchdown, TO: takeoff, BID: board touchdown, BTO:
board takeoff, STD: step touchdown, STO: step takeoff, JTD: jump touchdown, JTO: jump takeoff and LD: landing
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Fleto] ] (polynomial regression aHaIYSIS)a oby\l A50] B BALE SAS ver. 6.1 7 27 57]%|(IBM
SEAMATA)Y 232 AFH] S8kl 4 AFE0l o cop. USA)S ol4dte] 48H9T, §I5FE a < .05
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Table 2. Regression coefficients(A4,, A, and B,) for the linear relationship between the loss in horizontal velocity and the gain in

vertical velocity, correlation coefficients(7”) and P-values of the overall regression

Subjects A, A, B, r P
Olha 0993 -1.498 2.275 0.98 0.020
Olga 0270 0277 -1279 095 0.005
Caterine 0.888 -1.630 -0.095 0.87 0.046
Table 3. Optimized phase distances, phase ratio and corresponding overall distances(hop+step+jump) jumped
Subjects A, g;ﬁtacrlli D?sct;unacle Phiase disance(m) Phase Ratio DIO;’;?BC
(m (m Hop Step Jump @ (m
14.94 1513 491 513 6.38 30:31:39 1642
14.68 14.95 4.65 4.86 6.14 30:31:39 15.65
Olha 0.993 14.65 14.87 4.35 497 6.25 28:32:40 15.57
14.48 1472 4.75 4.87 6.42 30:30:40 16.04
Means 4.66 4.96 6.30 29:31:40 1592
Foul 15.07 4.50 437 6.89 29:28:44 15.76
1472 15.07 5.01 4.35 7.08 30:27:43 16.44
Foul 14.75 5.10 4.46 7.17 30:27:43 16.73
Olga 0.270 Foul 14.89 4.68 3.96 6.63 31:26:43 1527
14.89 15.13 4.68 471 7.13 28:29:43 1653
14.54 14.83 481 451 6.52 30:29:41 15.84
Means 4.80 4.39 691 30:27:43 16.10
14.64 1491 5.46 5.19 621 32:31:37 16.86
14.67 14.85 525 493 6.27 32:30:38 1644
. 14.81 15.10 532 5.16 622 32:31:37 16.71
Caterine 0.888
14.84 1497 4.9 4.72 6.52 31:29:40 1623
14.80 15.10 520 5.10 6.17 32:31:37 1647
Means 524 502 6.28 32:30:38 1654
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Figure 4. The relationship between regression coefficients: A, vs A,; By vs A;, The four regression coefficients inside of square

used to females data of Yu(1999)
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