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A Kinetic Analysis of Kasamatsu Stretched Motion at Horse Vaulting
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ABSTRACT
This paper aims to closely examine how the difference of kinetic variables by take-off state of
Vault Kasamasu stretched motion would have an effect on the rotation of the post flight and
landing. For this, this researcher made 3 time performance of 3 national artistic gymnastics
athletics the subject of research, and as a result of a three dimensional analysis using the high
speed video camera and measuring the force applied to the board and the horse and comparing

the kinetic variables, got the following conclusion.

1. The more skilful, the motion at contact board, the shorter the time and moving distance of
the pre-flight becomes as it has a rapid access to the board, and converts to vertical upward
motion. On the contrary, the big motion according to the increase of moving distance and flight
time increases the force applied to the horse, but makes the body fall forward, resulting in the
decrease of flight power.

2. At the time of take-off the horse, rapid ascending velocity and maintenance of the body
angle close to vertical state increases the time and moving distance of the post-flight, and enables
rotation motion in the air. This is the result of enlarging the shoulder angle, lessening the body
angular velocity and approaching to the vault for stronger Blocking motion. Also prolongation of
contact at the board and rapidity of the body angular velocity causes a barrier to the maintenance
of Blocking angle, and has an side effect on the increase of post-flight and flight height.

3. At the post-flight, enlargement of twisting distance before peak, rapidly finishes the 1st round
twisting motion, generates proper control of the position and velocity of body CG before landing
and enables stable landing motion. On the other hand, passive twisting motion and short flight
distance at the initial state of flight rotation focuses on twisting motion and rotation motion to

the end and induces unstable landing motion.
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Table 1. Characteristics of the Examinee

W HK(cm) R E(ke) Effin(year) R (vear)
S1 163.5 59.9 16
S2 165.2 58.9 13
S3 166.5 58.5 13
M+SD 165.1%=1.5 59.1%0.7 22.1%+2.1 14+1.7

2. ABEOER

1) BB 0 (board contact) JHHE : 01 4 —
XEEATOR CLF ; O1 & —#H) IC#EmL Tn
% [X[H.

2) % 1 (pre-flight) K : O & —RBkER NS
BkES 2 F W] £ T OB X .

3) #F (horse contact) R : FAVBKE ICHfil L
TWB X .

4) % 2 (post-flight) i : BRBEEFRN S E2i<
T ik 9% W] & C 0D 22 Fp Al i 5 8 [X .

5) i (Peak) : % 2 J5 T D2 HEHE D H T Bk
FODEREIT T2 D B,

6) RARER] - O ¥ —MRICESEEML T 5K
e BRI F D Ml L T B KRR,

7) WZEREE c OoAa Y —IREEA U DR S BREE T
Kk T o 2R R CBSBEFR N S <y N
WG Thdy o 72 Ref.

8) JEBAEIA © KBR & MR HH A

9) JHEAEIA ¢ b & RARDS RS AR £,

10) ks R Je U zedralfi /4 (body angle) : &
D & BRI 5] E ik <ERAYY il & pkd 5kt £

11) PRty &k (body angle) : FoHi & &
RAR 2 B HRASY il & R 9o A,

12) 03D 4 (twist angle) : Xiifi & ik T TE 6 & ke
F4E D1,
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ARFFEN O Tz TR | I R 22 0 & o AT & 0 e
oo ¥ —REBKE R ORIEEMTHEINT, £
DFFEM7ZFIHIR2DL S TH 5.

Table 2. Characteristics of Experimental Equipment

F 24 5 e
5 2510 - Bk G 52 77300 =V &5
W =R
B0 RE 25 0k A/D Mz PCL-812PG Advantech
I a—F— SPC-7700P Samsung
Software ZRE
Camcorder 2 & Panasonic
AG-195MP
Control object V-tec
=NV Variable control object
e et Lamp indicator WEERE KT
S-VHS
Video tape SKC
VCR AG-7350 Panasonic
Monitor PVM-1942Q Sony
PAY (=S oy 25
BT [z e TRl =t/ A N Kwon3D Ver.2.1 V-tec
Computer 486-DX LG
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Table 3. Biomechanical Factor of the Second Jump Stage

subjects

S1 S2 S3 M+SD
variables
Time of postflight, s 0.90 0.84 0.84 0.86+0.03
Dist, postflight, m 3.63 3.16 3.26 3.35+0.25
CGht at peak, m 2.72 2.63 2.63 2.66+0.05
Rise of CG, m 0.30 0.24 0.26 0.27+0.03
Ave. Vg of postflight, m/s 5.10 4.81 4.88 4.93+0.15
AngD of body angle to peak, deg 407 408 407 4071
Twisting AngD to Peak, deg 342 277 296 58+35
Twisting AngV at Peak, deg/s 408 393 757 519+206
CGht at TD, m 0.54 0.60 0.67 0.6+0.06
Vg at TD, m/s 6.81 6.31 6.21 6.44+0.32
Hip angle at TD, deg 130 135 140 13545
Body angle at TD, deg 51 56 58 55+4
Twisting AngD to TD, deg 534 525 525 58+35
AngV of body angle at TD, deg/s 69 296 68 144+131
Twisting AngV of hip line at TD, deg/s 9 431 113 144+131

Dist=Distance, CGht=Height of body CG, Rise of CG=Vertical displacement of body CG from TO to peak of post flight,
Ave=Average, VR=Resultant velocity, AngD=Angular distance, AngV=Angular velocity, TD=Touchdown on mat.

% 7= B iRl 4 7 13 S243296deg /s THLOD B BR &
B XDIEFICRLSBEIDN, RFEDVRD fMAHEILS]
M9deg/s T—&HEL, S27/343ldeg/sT—HFHR<HD
NnJz.
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TEAZEMTELIELEEZOGNS.
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RO ES) & OV ER 2S5 2 EITEoT
f, NEEREHEMEZFFEIED L THLNL.
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RATIT<ENNENWI LEZEABND.

2. a1V BE
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FAIlTEE, BAY 0 RKEIZ0RIC 2 BRE N
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Table 4. Biomechanical Factor of the Take off

subjects
S1 S2 S3 M=£SD
variables
Time on board, s 0.10 0.10 0.10 0.1+0
Horizontal DCG, m 0.63 0.55 0.65 0.61+0.05
Vertical DCG, m 0.24 0.24 0.26 0.25+0.01
Vg at TD, m/s 6.16 4.67 5.14 5.3240.76
Vg at TO, m/s 6.59 6.65 6.66 6.63+0.04
Change of Vy on board, m/s —0.62 0.85 —0.41 -0.06+0.79
Change of Vy on board, m/s 2.88 2.81 2.74 2.81+0.07
Hip angle at TD, deg 129 122 108 120+11
Body angle at TD, deg 78 80 82 80+2
Body angle at TO, deg 127 123 132 12745
Ave. AngV of body angle, deg/s 480 413 494 462443
1618+314
Horizontal forces, N(B. W.) 1760(2.99) 1258(2.18) 1836(3.20)
(2.79+0.53)
10073+1349

Vertical forces, N(B. W.)

8799(14.97)

11487(19.88)  9935(17.31)

(17.39+2.45)

DCG=Displacement of body CG on board, VR=Resultant velocity, TD=Touchdown on board, TO=Takeoff from board,
VH=Horizontal velocity, VV=Vertical velocity, Ave=Average, AngV=Angular velocity.

A & — WA D B DB 13 S1A3129 T— /K &
<Hlbh, OA % —HEfl & BERERE D B R 4138374
HO2E L12E T —HAE<Bbh, FHEKRAHEE
HS3H1494deg/s T HR BN/, —FH, O15—
BiZmzx 5N s m KN % & < BRIV mAKE 38
B OIKE D2.79+0.531% TH O N A EE I 5
BREDIT39L245(5TBbN . Rk AEENIT
RABBETHNEH DT EREHEHONIEHZER
.

ZOEDERICINI, SI0HEO1 Y —HRIC
BEMNWTHERLS EAZNTTERET 7T 2iEH)
EHEEIETBD, S20HH 010 5 —RITEL BT
T5ZEITET, BAYNTBUT 2K EEE 2R
bS89, FRO/NSRBREESNFHEINZ. N
WEAREGHR K DIFEESRIICREFOHEHN ST
BMEER I TEDITL, 015 —REKEER: O & K[EER
AENZILRDBELDICTHIETHDLN., £72S3
DEETA Y —RD L THARDEEHEZ R, £z,
HIKOBEENMNZREL TSI & THRBEETRO&A
DEEEANRKELIRD I DT> THREE 2 R <1
mxgsZ & THOLN.

3. 51 B@E

55 1 R OEEFRARORERZBD L 2 &1F
REDLDTH 5.

x5 ITKIUE, FRATHERIZS1230. 18 Tt D #5835
b X 0E<HbN, MIEAEXS1A0.51mT—HFE <,
S3730.66m T —HFE S HONLLET TR MITES T
HS1F1.63mT—FIL<, S3IL.72mT—FE < HbD
NTz, F7= RO [EE A FEEEIES 12760 5 T il D # 5k
Bt X0 /NS <BbNiz—7, FEROMEHRAHRET
S173696deg/s T—FH R < EHb /.

DX REERICENE, SIOBEENEKMORN
IS IREE ORHER ALY Z & T HRD [RlfLET) AR
<WHHEINZ. TNk O LikZz R SECCEE
FAEE TR IS 2L THRICEICTZDLH)
EERZETTHIOICLAEKRERSNS. £z
S2&S3&E— IR DB EEREZ K & < I iz
el 2 & < U CHMREEREZ NS 8 2 0V 5 R0 FBnE
B 2 XTI 22D REVNEZDHZS5T I ETH
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Table 5. Biomechanical Factor of the First Stage

subjects
S1 S2 S3 M=SD
variables

Time of preflight, s 0.10 0.12 0.12 0.11£0.01
Dist, preflight, m 0.51 0.58 0.66 0.58+0.07
CGht, of preflight, m 1.63 1.67 1.72 1.67+0.05
AngD of body angle, deg 60 o4 64 63+2
Ave. AngV of body angle, deg/s 596 537 537 556434

Dist=Distance, CGht=Height of body CG, AngD=Angular distance, Ave=Average, AngV=Angular velocity.

4. BB BF BE

Bk 55 T Je T Ry D JE B 1 E AR OFE R ZEBID L -
ZEIFERE6DLDTH%.

6 1T XTI A FRFENES1230.278) T il D 4%
BEEEIVESHbN, KFEEIZ1.16£0.01mT
HO, BHEBRBFEIELL Tz, EEZEIES1H0.78
mT—HAREL, S3N0.66mMT—HFEIHbN, £/~
R0 D A R EE IS 1Bk S 35 FH55.73m /s T— &
BBl 72720 T < BREHEFRF I ©4.48m/s Tl
DOHErEE IV BELHbNni BEAZIEIUIL,

P& FREOSHIZI0E T—HRE <, S21F124E T
—FNE<Bbn, BREEEFRHICHEU <SHZ1258
THoOHEBmRELE LD RELTbNk. FikfMaE X<
Riud, BkBEFROS213 4 ET-&RE<LIHDN
Te—7, S1&S21I30 ET/KEZMITAZBEDOLTH
0, BKEEETREEOSHII2TE T—FH/NE L, S3i3144
ET—HREIbNL. FEHHERMFEIZS]
M471deg/s T—&FEL, F/z, S3A%6512deg/sT—F
BB, —H, kBT snsmRKhzE &<
RV RAKENIARED1.63+0.135 THHNZZL,

Table 6. Biomechanical Factor of Touch Upon the Horse Vaulting

subjects
S1 S2 S3 M=£SD
variables
Time on horse, s 0.27 0.28 0.28 0.28+0.01
Horizontal DCG, m 1.16 1.16 1.15 1.16+0.01
Vertical DCG, m 0.78 0.71 0.65 0.71+0.07
Vr at TD, m/s 5.73 5.55 5.61 5.63+0.09
Vr at TO, m/s 4.48 3.98 4.17 4.21£0.25
Shoulder angle at TD, deg 160 124 140 141£18
Shoulder angle at TO, deg 125 110 109 11549
Body angle at TD, deg 0 4 0 1+2
Body angle at TO, deg 127 141 144 13749
Ave. AngV of body angle, deg/s 471 486 512 489+21
948+63
Horizontal forces, N(B. W.) 879(1.49) 1002(1.73) 964(1.68)
(1.63+0.13)
1474£167
Vertical forces, N(B. W.) 1553(2.64) 1282(2.22) 1586(2.76)
(2.54+0.28)

DCG=Displacement of body CG on horse, VR=Resultant velocity, TD=Touchdown on horse, TO=Takeoff from horse, Ave=Average,

AngV=Angular velocity.
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BAREE NIARED2542028F THbON. £72S1
13— HNIIKES (149F5) 2B L THD, S3F
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ZEMTELFERTHD, £ IUIBEEFRMHZ
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MEEN T WALE & R T 5 2 & S FRRFICHETHE %
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TEWREREZ 12T 5 2 & THbN . RN EE
TH5S20854, BAHU0 LK, JFEBEEZ R T
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A< D125, ZHUIBKE A O AKCEE 112 K
ELBBEIICL THEROBEEEZETIE, #H
BRI SRS ZBEF T2 K51k, =
DOFER, kL EHEETIORMEEZBZE L. S
3DYE, B RETHERINAZRENEECILST
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