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ABSTRACT

The Kinematic Analysis of the Hand spring forward and Salto forward straight with
3/2 Turn on the Vault

Yeo Hong-Chul* - Yoon Hee-Joong™ - Ryu Ji-seon* - Jung Chul-Jung
(Kyung Hee University* - Korea National sport University** - Sungkyunkwan University)

H. C YEO, H J. YOON, J. S. RYU, C. J. JUNG. The Kinematic Analysis of the Hand spring
forward and Salto forward straight with 3/2 Turn on the Vault. Korean Journal of Sport
Biomechanics, Vol13, No3, pp 47-65, 2003. The purpose of this study was to investigate the
differences of the kinematical and the kinetical factors that calculated from preflight to postflight of
salto forward straight 3/2 turn motion between skillers and less-skillers. Four 5-VHS video cameras
operating at 60Hz were used to record the performances. Five elite male gymnasts were participated
in this study as subjects. three-dimensional coordinates of 20 body landmarks during each trial were
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collected using a Direct Linear Transformation method. The digitized body landmarks were smoothed
using a Butterworth second order with low pass digital filter and a cutoff frequency of 10Hz.

1. A skiller, got a high score for performance, showed shorter time and faster horizontal
velocity than a less-skiller at the board contact. also, a skiller extended quickly his knee and
hip joint after contacting board for preflight phase.

2. A skiller revealed faster time and horizontal velocity the vault from taking off board than a
less-skiller. A skiller took a long time and high distance to get the vertical peak compared
with a less-skiller.

3. For the second phase, a skiller, who executes the most optimal motions among the subjects,
displayed a long flight time, a high height, and a far flight distance as well as maintaining
consistent horizontal speed even at the peak of post flight. On the other side, a less-scorer
displayed a slow vertical velocity, distance and a short time at the point of take-off from
vault as well as low height at the peak of post flight.
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00 A= T H19 71e54E JAste LAegd

= = MO
AA A7 (cn) A% (ke) B () Hel(y) 54
s1 165 » 32 9.45
52 170 62 18 29 9.15
53 162 57 17 27 93
b 160 59 14 23 92
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M 163.4 59.8 17 27 922
sD 463 288 360 409 0.31
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LER HHE A5 Sde Ak

HAE dehith
# 3 2 ohlld AR EAe SEeR (Eh) © cm)
Subject Phase BTO VID VIO Peak LD

s1 65.7 137.7 2123 3702 661.7

s2 624 1621 284 3504 5874

3 58.5 1171 1876 308.4 494

54 541 1074 1741 2944 4862

S5 613 1281 1948 3058 525

M 604 13048 1944 325.84 551.94

SD 436 21.03 21.12 32.73 72.65

BTO=Dboard touchdown; BIO==board takeoff; VID=vault touchdown; VIO=vault takeoff.
DL=landing
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E 4 2 chld MAEMe SEe (48] : on)
Subien Phase BTD BTO VID VIO Peak

St 99. 1225 175.3 2308 3111

52 98.6 1157 182.8 236.7 299.7

3 95.7 112.7 159.9 224 3049

4 U4 1127 166.1 235.7 290.8

55 954 117.7 175.6 2298 2849

M 96.74 116.26 171.94 231.08 208.24

SD 224 408 897 570 1052

BTO=board touchdown, BTO=board takeoff, VID=vault touchdown; VIO=vault takeoff.

TER olF, THE, Tulol§ 39 3 WYe A3 dFFAdEgs HEHoE FER o
A AAFA 3 W= F 3 A2ue} peak] ¥ AXE el b mrtE HEI 9
A7} ¥ 1 WE blockingo] o]FA|H A2u|eke] 4T F= Ho2 AZHr).

2 7t AHBNY &5

1) & A AAFA 945

7 FRAE0] BAE AN B¢ AAEH FREE HHE Y AE <E 559 2k
B S5 Z oY MABANe sEET (SH : mys)

Phase
Subject BTD BTO VTD VTO Peak
S1 8.32 453 6.19 3.3 447
S2 8.09 5.36 5.45 3.09 3.73
S3 7.85 5.00 5.47 248 2.69
ol 7.68 416 434 2.69 3.50
S5 7.53 4.26 488 294 329
M 7.89 4.66 527 292 354
SD 0.32 051 0.70 0.35 0.65

BTO=Dboard touchdown; BTO=board takeoff; VID=vault touchdown; VTO=:vault takeoff.
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olgid Az} Bio] &3 Takei(1992), A4, ¥r97(1994), AR5, 9433(199)8 =v} o)
Al FALEE Takeiv 298m/s0]3, 74, wgzlo) A3 Fo2r 4L 39m/s, 2& %
& 351m/s2 Uelston, 134, FAe a7 2% T} o|FA 3 £EE 310m/s22 g
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E 6 2 Y MdEMel $xag (ctel = ms)
Subject Phase BID BTO VID VIO Peak

S1 -42 419 3.43 3.87 -12

S2 -32 3.77 3.18 32 -7

S3 -60 397 3.58 3.90 -6

4 -31 3N 3.76 3.24 -44

S5 69 4.46 299 314 -2

M -47 4.07 3.39 347 -2

SD 0.17 0.27 031 0.38 0.17

BTO=board touchdown; BTO=board, takeoff; VTD=vault touchdown; VITO=vault takeoff.

3 7 9A Pi4E
7 WPASe] FAL AN FX AAFY TASE 98T U Qe <E >3 2ok
AAFAY FHEEE ARG, TER 254 AYAE F TSR Slo] A BEA ol
s9lm, ASHA S57h 7Pg maA) Ueston, e AFNE R5F Slo) Me W, A
W2k $57F ko PASEES Uehich B3 518 Eob o] AN A2elol Aol §
S5t AA SPARTE B2ZA Veksth
oeg AT AT wBF199), WEEQ0Y, RA5, A0 ¥ AT F3} Mok
FEH AHARE AR peakAlhA] FHSEH AAH LS ) Ueksta, 53] 78
A

53
=%
=

4

B HEANE vt AEAAE o LA R} waA ey
B 7 02 oY A EAe BeEE (cH9 : m/s)
Subject Phase BTD BTO VID VIO Peak

S1 8.33 6.17 7.08 515 448

52 810 6.55 631 446 3.74

53 7.87 6.38 6.53 4.62 270

$4 7.69 573 574 422 3.53

S5 7.56 6.17 573 431 3.29

M 79 6.20 6.28 4.55 3.55

SD 031 0.31 0.57 0.37 0.65

BTO=board touchdown; BTO=board, takeoff, VID=vault touchdown;, VTO=vault takeoff.
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S0l £0} A27A ASPA S5 PHEE FOE W ISR S1e £E7b FokEE
Aoz Uthgor ISHA Slo] PASEA FkE RS FEH o154 E5t Y2
FREEAY GEIRTE FASE A F7PIAT drkn AZHEch Ao £3%o)
£ T537 S10] Sllem et 7bE £& 9AE Yepion], 53] sle Avlehr) 33
SRS} WA det Ao peakAle) $ASET FNAE AR FHEEE §7)
s Aol oA Ao Azdc

3 4% Qo

1) Zt 244 2ddg

7} JEAS0] TS AN B¢ UG A9 Aoz AHod Az 4 @AE Z4
THSE Jehd AL <# 89 2rh

134 e 4WRY, FER W24 YAS ) w@AL4e Z Rorh glon), FEW o
A DEAA S17 ASHA S57tel ok 30°A L] xolE BRyYown, Trl HEA S2, S4z7te) ¢
%o 2 Aol yehgos, Adicky zwade ASWA S M3 2 e vEd.
Takei(1990), ¥}3%(1993)5 n#AZLL T2W HEA| 38°9 Zo]E BHPYy, FEH 0|54 30°9
o7k Yehgon, kol &3 oo Me vlkdt Ztxrt vEyT

¥ 8 0z e a2zt (EH9f © deg)
Subject Phase BID BTO VID VTO Peak

s1 105.4 15222 147.1 1663 165.6

52 1044 1459 132.2 161.1 148.4

3 107.9 1495 157.7 147 1694

54 1094 1366 168.1 1585 161

S5 1009 1153 159.7 164.7 170.2

M 10558 139.90 152.96 159.52 162.92

SD 3.26 14.% 1381 763 8.90

BTO=board touchdown; BTO=board takeoff, VTD=vault touchdown; VIO=vault takeoff.
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Aoz dggo] wo 38 o 4A7 g2r] fioz A44n. 1547 S1& 758 °F
A LBAZ) A vEhd Re FER AEAN TE2W 0)FAZA nBEZ) AAFAY 7
SEG FAEEY 9% 2 7 A0 A4dn £ g JPAs 2o 73R AFAMAE

THEEE WaA 1_535121‘3} FER o8N FHEES AAAIL FASEE Fo 39 ne
=it AEA gElE B34 29 ALY 2R AN JAFS FHIA AR e 2EF
= TY%c Aoz Ytk A3 59 Atde 78R oFA ¥ ZAx7) HEUe ¥
T Holx gl 7ER oFA FRETE FEAI)A Rt A7 2oks} s FHEN ZF
=E27E 44 & 7 ) UEd Aadgd & 9%E Fe Aoz AhEn. 75 o154 1
Aol UF ze Z¢ w2A FHEEI JYHo kop JFA ABARdE AHH02 F¥S

€ 7F e, A¥ELL 7Y B2AE dhed AAE 2E & ] Wi ndd 48 27
o] Fato] AA|Hojof Frhu Azt | |

P

mlm

2) 2 A ez

Z BgAee] TS QA 5o WE S sEY didez HE £@EZe 7 dAE 4
EHEE Ued AL <® 7 2o
Y oA ASHA S5t tdE g¥xE B 80| FIHE AHA o]FS 3 AeE
Yelt T, o} JEFA 1537} S1& S4BT oF 35° Zhg B S1& RFETAH0] OE HPAE B
o FR2A Qe Ad2 AU 53] ASHA b= FER )54 £@E] FHJE AR
Ueston, ol Az A7AA 2] Hed B ope} £@AE] §d o}ﬂ}i TERS olF3}
A HE, 18- 9%E £ F Ak A2 ASHA S TER o)FA uE JPASERT 1
wAZo] o 30°9 Ao]F Holx U%ler, wely FEF oFA TES é\’/] ¥ FogH Zut
HEA ME VAEEE FAT Y& Aoz A4t

Nl

EQ 4 oY sxdz} (£t : deg)
N BID BTO VTD VIO Peak

51 1499 17 1369 1669 1696

2 1415 1635 1615 1678 1712

53 1604 172 1704 170.1 1708

%4 147.2 1694 1749 166.1 173

S5 1449 155.2 165.2 1755 166.1

M 148.78 166.42 161.78 169.28 170.14

SD 719 717 1481 3.79 257

BTO=board touchdown; BTO=board takeoff; VTD=vault touchdown; VTO=vault takeoff.
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3) 7 A F3HZ
4 JPAge] FAE AMdte T AL Ago] o= Fddez Yod FadY =}

3% S99 = ¥3E vepd AL <k 1009 2o
E 10, 4 e =a"zt (chl - deg)
Subject Phase BID BTO VID VIO Peak

51 1533 1629 153 167.1 70

2 1483 1425 1558 1608 792

3 117.2 1398 1517 1518 835

S4 1105 121 1248 116 1114

S5 1093 175 1425 1626 1173

M 127.72 148.46 14556 151.66 9228

SD 21.36 2073 1263 20.70 2083

BTO=board touchdown, BTO=board takeoff; VTD=vault touchdown; VIO=vault takeoff.
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E 112 ool Anuz (£49] : deg)
Subject Phase BTD BTO VID VIO Peak

s1 1055 1308 1162 151.8 237

52 1024 1197 119.7 152 472

3 883 1197 1143 1417 472

S4 95.8 1192 119 1157 349

S5 97.3 1487 1276 1523 425

M 97.86 127,62 119.36 14270 32.86

SD 6.61 12.76 5.09 15.74 1286

BTO=Dboard touchdown; BTO=board takeoff; VID=vault touchdown; VTO=vault takeoff.
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