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Objective: The aim of this study was to examine the relation between swing phase and airborne
phase of Tkatchev motion which was successfully performed with following motion by excellent
middle and high school athletes in horizontal bar.

Method: The subjects for this study were 8 male middle and high school top athletes. After
their Tkatchev motions were filmed by two digital highspeed camcorders setting in 90 frames/
sec at the 44th National Gymnastics against Cities and Provinces, the % lapse time - lapse time
of each instant, inferred maximum force acting on horizontal bar, and other kinematical variables
were calculated through DLT method. After the relations among the % lapse times of each instants
of downswing-start, downswing-finish, whipswing-finish, release, peak-height, and lapse time
of regrasp, the relation among maximum force acting on bar, % lapse time, peak height, and
the relation between % lapse time and release height were examined, the biomechanical timing
characteristics of Tkatchev motion were as follows.

Results: Firstly, it was revealed that the whole lapse time was 1.62 + .06 s and the correlation
between the % lapse time of downswing-start and % lapse time of release was .819. Secondly, it
was revealed that the pattern of COG path was shifted forwardly and tilted 11 clockwise from
origin. Thirdly, it was revealed that maximum force acting on bar was inferred in 2,283 + 425 N
(4.7 + .6 BW) and the correlation between maximum force and peak height was r = .893. Lastly,
it was revealed that the horizontal and vertical component of body COG velocity was -2.14
* .29 m/s, 2.70 + .43 m/s respectively, release height was .49 + .12 m, and shoulder angle was 139
+ 5 deg, and that the later the % lapse time of release, the higher the release height (r = .935).

Conclusion: It is desired that the gymnastic athletes should delay the downswing-start near
the horizontal plane on 2" quadrant because the later the % lapse time of downswing, the higher
the release height. After all the higher release height could ensure the athletes to regrasp the
bar safely, the athletes should exercise to make downswing-start delay.
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(dismounts) & CiYot QAEE ZEst Z=O0|H(FIG, 2017),
0| & Tkatcheve HE0M E&
20| = 2 223{ & I} 2
T g0t H2 OFF OHA
Q47 ZEE HE9| 7| ).
(2006)2 Tkatchev 7|22 48& fIoiME= & Ol Al 3
A5 oot Z2% MIAlZt, 22Xl 332d, dgn
= CHAl 8 Mol oHEdol e EICt SHRIL X|g7HX|
Tkatcheve| =Lff QI =2 HHEH, Kang, Park, Kim2}t Choi
(2001)2 HEYLZO|MO| Tkatchev SEHS 2A4I5HHAM = HO|
H 2ot 24 Gl 2te Holt MKESAel £=9t
= Tkatchev

HAISERD, Kim (1998)2 'HE:2E
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METHODS
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Figure 1. Consecutive instants during whole interval

2 oifo| Rzke BSY| T7HI HBY| TR TEED, 4 =7 M7
2t {2 Ohent 22 w7 S22 T EICHFigure 1).

HAY == X! X}M|(Vertical Position; VP2 Z&7|7F 7i 2 99| HOIES SPSS 1802 O|&310] descriptive sta-
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A AMHO| X7t £l Downswing-Finish (DF), 1&E =30| St ZOfol dlut MASAol HH =012k &A, % 224
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Z

(Table 1)dF 20| downswing2 1Q2| 80 + 15% A8 A|ZH0]
A AIZSEO] 2QQ| 40 + 14% A8QA|ZHON FZEE|1, whip-
swing2 H& StehE XLt 3QQ 59 + 21% 22A|ZH0|M &
2E[E A= UERLE O£ 4Q2| 30 + 7% ~QAZH0
M, 2|13 NSl =017t 27t &= FE2 4Q2 81 +
7% 2L A|ZHOf| A LIEFGCE Downswing®t whipswing2| % 2
QAIZHS 0|40t A % AQA|ZHO| HIs) Tzt H|@E 3
A LIEHRLCE 2|0 =7 XMERE downswing EETHX|
o 2QA|ZH2 41 + 03 s, whipswing ZHO| AQ A7t 37
+ 03 s, pullback =5H2| AQA|ZF2 27 + 03 s, airborne =
Dol £QA|7H2 58 + 04 s, 2|1 7|& THQ| £2A17H2
162 + 06 s=2 LIEMGCE

Downswing A|Zat B2, whipswingl| T2, 0|2t HH
O| % AQA|ZtD} Xh=0| AQA|ZL 7Ho| ZAE AotH7| ¢
off datEME HAISH Aib= (Table 2)2F 20| LIEFGCL

(Table 2)2 Z0| downswing A|&1t B &, whipswing & 11
2|31 Ol AQAIZH 7= 52 F& 20| LIEtLK(, = 820,

http://e-kjsb.org



124 Kyu-Chan Lim

Table 1. Descriptive statistics about % lapse time at each instant and phasic lapse time

KISB

% lapse time

Lapse time (s)

DS/1Q DF/2Q WF/3Q RL/4Q PH/4Q RG/1Q VP-DF WP PP AP Total
S1 93 59 78 31 80 .26 A1 .38 24 .61 1.64
S2 73 32 53 23 77 21 40 37 25 .58 1.60
S3 88 56 57 32 86 23 .39 31 .29 .53 152
S4 100 51 83 42 78 24 46 .38 25 .53 1.62
S5 71 43 78 33 84 29 A1 A1 24 .62 1.68
S6 82 32 58 26 87 .28 42 .38 .26 .63 1.69
S7 50 18 24 17 85 22 .39 .38 .30 .60 1.67
S8 79 30 36 33 67 16 .36 .36 32 .53 1.57
M 80 40 59 30 81 24 A1 37 27 .58 1.62
SD 15 14 21 7 7 .04 .03 .03 .03 .04 .06
Table 2. Correlation among % lapse times and lapse time
% lapse time Lapse time
DS/1Q DF/2Q WF/3Q RL/4Q PH/4Q RG/1Q
DS/VP 1 820" 727 819™ -179 152
DF/HP 1 804" 702" 110 .364
Lapse % time WF/BB 1 7 158 654"
RL/4Q -313 .095
PH/AQ 1 759
Lapse time RG/zZP 1
*p<.05, **p< .01
r= 727, r= 819 r= 804, r=702; r= 711), downswing A|%f =3 XMZEH &4771X| 9] | 22A17H2 100% AlZIC 2
It B2, whipswing 29| % A~QA|Zt0| =M O] % A HEESSH 2t &= A2 TABSE A2 (Figure 2)2F ZLF.
J=0IM LIEFE 243 20 MMFHe ol HA mE2

QAZIE 2T =OMH Ol AQAIZIE =& Z0| S5~
I, MHEY - % 28AZHHE Foloh H#0| AUATKr =
-179; r=.110; r = 158, r = -.313). 2|11 whipswing Z &2}
UHSH EH % 224200 A4 2242 ZHol= FE
20| LIEFLK(r = .654; r = 759), whipswing ZE2} AK|E
B % L2QA|ZH0| WEM A4 AQA|IZHE 2D £OH
= 2QA|7H0| BItSteE Ao 2 YWSMLHr = 654 r=759).
2. HH|IZH o|F HH mfHut =2t S= 2ol A
AABL| OlF HA THS YOLET| Qs 2E =T

=2
LRIAA MHS YL =1 7% /K| ZHEE ensembledtRA L
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2d ztEA 2 2oz QEZOoZ 2X0] 11A|
goz MF R&e EUCh 12|21 2Q0ME downswing2l
718717t 0% 7HitE A2 & = AL, 3Q0M= =43t o
Hel XU E pullbackdto] O|dt= AE & = ASH,
4Q0Me MHB el FHO| z5S Stst7| 20| LEtE
22 ¢ 5 Ack
3. B0 =8st= zcHe Bat O =72 % 284
2 3 Mol Z} Ea el

BE7| TN BE0| &8s Zohel wlat O =7t %
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Figure 2. Pattern of body COG path (left) and timing of each instant (right) during whole interval

Table 3. Descriptive statistics about maximum forces, % lapse time and angular velocity - acceleration

Maximum force Maximum force

% lapse time

Whole body angular

(N) (BW) (2Q Velocity (rad/s) Acceleration (rad/s?)
ST 2,487 53 136 64 -12.7
S2 1,778 37 90 5.8 -2.2
S3 1,864 4.2 112 5.8 -13.1
S4 1,911 45 1M 6.1 -70
S5 2,586 53 117 6.0 -20.3
S6 2,692 5.5 100 6.3 -21.8
S7 2,873 5.0 53 6.5 7
S8 2,071 4.2 83 6.0 64
M 2,283 4.7 100 6.1 -8.7
SD 425 6 25 3 10.0
A2 J HAS] AHE  Z4TMEEE= (Table 3)1f 20| LE o MMEHe EE =0| e dHUEMES AR Euts

I
o

(Table 3)ut 0| M==7} &0 2&st= F|CHo| &2 2,283
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x>+
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-150

Figure 3. Instants of maximum forces acting on bar

Ol &7t FAN 231t
X R 2t S2(Table 5)2F

(Table 5)2+ 20| O] =7t
2k 214 + . .
MHBM =0l&= 49 + 12 m
Ho| &0|= 84 + .06 m

KISB

Table 4. Correlation among maximum force, % lapse time,
whole body angular velocity and peak height

Maximum % lapse Angular Peak
force time velocity height
Mix'm“m 1 -210 824" 893"
orce
% lapse 1 -185 177
time ’ ’
Angular .
velocity 1 120
Peak 1
height

*p<.05, *p<.01

10 mE LIEFOD, O] 27t0] MHFA SARZT} AT

22 2tZE 51 £ 45,139 £ 52 LEFGICH

Slo| B9l BN Y ATO| N2 &S % £QAIZHT}
jo| 0|4+ 0], 22| 0] 27te] AL 0|4

Of Zto| BAE e s HAle Zat= (Table 6)2t 20|

e

I HF =

(Table 6)1F 20| downswing AlZF % 2R A|Zt whipswing
E % 22AZh O] 20 A2t O] =0| 2= &2 &
0| LIEFROLK(r = 744; r= 628; r = 935), downswing &
E % 28A12t0 Ol w7te| HBEZNE {OlSh &&0|
LEEFLER] ERUCH - = 587; r = .233). [2tA] downswing AlZH
O % ARA|7H whipswing BE2| % ARA|7H0| =28, 1

Bo1X o

Table 5. Descriptive statistics about variables of projectile motion during airborne interval

Release Peak Regrasp Release velocity Release shoulder

velocity (m/s) height (m) height (m) height (m) angle (deg) angle (deg)
Y Z YA Z YA X X

S1 -1.62 2.62 .56 .89 .30 58 145

S2 -2.19 2.85 37 .76 .29 52 140

S3 -2.22 2.62 45 .78 40 50 136

S4 -1.96 2.06 65 82 19 46 136

S5 -2.25 2.69 .54 91 .26 50 132

S6 -2.29 3.04 43 .90 .38 53 138

S7 -2.62 344 .30 87 .52 53 137

S8 -1.99 2.29 .60 82 .26 49 148

M -2.14 2.70 49 84 32 51 139

SD .29 43 12 .06 10 4 5

Korean Journal of Sport Biomechanics
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2|1 0| £2A[Zt0] S7tE4E Ol 0|k 0= A2

2 yrsiEct

Table 6. Correlation between % lapse time, shoulder angle
and release height

Shoulder

DS/1IQ  DF2Q WF3Q Ry4Q 1oL

Fﬁ‘e'??ase 744 587 628" 935" 233
eight

*p<.05, **p<.01
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