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Table 1 Physical characteristics and swim performance of subjects (Experiment 1).

Table 2 Comparisons of kinematical variables among HT, NT and LT (Experiment 1).

Table 3 Physical characteristics and swim performance of subjects (Experiment 2).

Table 4 Kinematic variables of HT, NT and LT (Experiment 2).

Table 5 Maximum joint torque at shoulder, knee and ankle, minimum joint torque power at knee, ty,

body angle at t,, segment angle of foot, shank, thigh and trunk at t,. (Experiment 2).



Fig. 1 Diagram of kinematical variables in relation to the trajectory of center of gravity (CG)

during aerial phase.

Fig.2 Various types of Swing start.

Fig.3 Circular outward swing recommended by Counsilman (1968).

Fig.4 Grab start (a) and Track start (b).

Fig.5 Normal type and Bunch start of Track start.

Fig.6 Modified starting block (a) for Handle start (b) (Pearson et al. 1998).

Fig.7 Forward type (a) and Rear type (b) of Track start.

Fig.8 Various types of arm-swing introduced by Maglischo (2003).

Fig.9 Classification of start technique on the starting block.

Fig.10 Flat start (a) and Scoop start (Pike start) (b).

Fig.11 Definitions of rotational component (Vr) and extensional component (Ve) of velocity of

CG (V) in a pendulum model.

Fig.12 Diagram of the definitions of kinematic variable (Experiment 1).

Fig.13 Image photographed in high speed camera (FASTCAM PCI, Photron Inc.).

Fig.14 Marking on subject body for identification of body segments at present study.

Fig.15 Relationship between body angle at the take-off (8 o) and take-off angle (¢ ) in LT, NT

and HT.



Fig.16 Changes in velocity of CG (V), rotational component (Vr) and extensional component

(Ve) of V during NT of subject H.

Fig.17 Changes in take-off velocity (Vo), flight distance, rotational component (Vro) and

extensional component (Veo) of Vo, horizontal take-off velocity (Vxo) and block time

caused by changes in take-off angle (¢ ) in each trial (HT, NT and LT).

Fig.18 Force platform at this study.

Fig.19 Free body diagram of starting block at present study.

Fig.20 Definitions of segment angle (a), relative joint angle (b) and body angle (c).

Fig.21 Free body diagram of segment i.

Fig.22 Definitions of joint torque (Tsnoutder, T hips T knees T ankie)-

Fig.23 Relationship between body angle at the take-off and take-off angle.

Fig.24 Changes in averaged ground reaction force (n=12) of HT, NT and LT.

Fig.25 Changes in averaged joint torque (n=12) of HT, NT and LT.

Fig.26 Changes in relative joint angular velocity (a), joint torque (b) and joint torque power (c)

at knee of Sub.J during HT and LT.

Fig.27 Relationship between take-off angle and body angle at t, (a), foot segment angle at ty

(b), shank segment angle at t, (C), thigh segment angle at ty (d), trunk segment angle

at ty (e).

Fig.28 Relationship between negative peak value of knee joint torque power (Py) and

maximum knee joint torque.
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Fig.29 Changes in averaged angular acceleration of each segment.

Fig.30 Changes in averaged moment generated to each segment by joint torque and joint force.

Fig.31 Changes in relative joint angular velocity (a), joint torque (b) and joint torque power (c)

at knee of Sub.G. during HT and LT.

Fig.32 Center of gravity at the take-off of each subject in Experiment 2.

Fig.33 Take-off angle and flight distance, horizontal take-off velocity and entry angle related to

body angle at the take-off based on following equations.

Fig.34 CG trajectories and flight distance related to body angle at the take-off from Experiment

1 data.

Fig.35 Comparison of CG trajectories when body angle at the take-off were 30.8deg (A) and

45deg (B).

Fig.36 Cross sectional area which is determined by segment angle (6e) at the water entry.

Fig.37 Angular displacement of the whole body from take-off to water entry in order to

perform hole entry.
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(Zatsiorsky et al. 1979 Guimaraes and

Hay 1985 1997)

(Zatsiorsky et al. 1979 Guimaraes and Hay 1985

Counsilman et al. 1988 Vilas-Boas et al. 2000 Benjanuvatra et al. 2004)

1960

Swing start

(Maglisho 2003)

Grab start (Hanauer 1967)

Track start (Fitzgerald 1973)

(Ayalon et al. 1975 Zatsiorsky etal. 1979 Counsilman et al. 1988 Holthe et al. 2001 Issurin

and Verbitsky 2003 Kruger et al. 2003 Miller et al. 2003 Vilas-Boas et al. 2003 Takeda and
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Nomura 2006)
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Y axis

"-..CG trajectory

.
.

_Water surface

Fig.1 Diagram of kinematical variables in relation to the trajectory of center of gravity (CG) during
aerial phase.

V, : Take-off velocity; velocity of CG at the take-off.

@ : Take-off angle; the angle between horizontal line and take-off velocity vector .
I : Line between edge of starting block and CG.

0 , :Body angle at the take-off; the angle between horizontal line and I.

h  : Height of starting block from water surface.

-17 -



Kinematics Kinetics

Kinematics Kinetics

@)

1-1.

Kinematics Kinetics

-18 -

Grab start

@)
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2-2.

Maglischo (2003) 1960

Swing start Swing start

Swing start (Arm-swing) 4 ( 1973)

Straight

backswing start (Fig.2-a)

Arm back start (Fig.2-b)

Circular backswing start

(Fig.2-c) Counsilman (1968)
Circular outward swing 4 (Fig.3)
1960 Grab start Hanauer
(1967)
(Grab)
(Fig.4-a) 1970 Fitzgerald (1973)
Track start
Swing start  Grab start Track
start
(Fig.4-b) Track start ~ Grab start
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Straight backswing start (a)

[P

[
Arm-back start (b)

T

Circular backswing start (c)

Modified from Counsilman (1968)

Modified from Counsilman (1968)

Wilkie and Juba (1986)

Fig.2 Variations of Swing start.
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Time sequence

/O\_:%r_ ,M (Counsilman 1968)

Fig.3 Variation of swing start recommended by Counsilman (1968).
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Grab start (a)

Fig.4 Grab start (a) and Track start (b).
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Track start

Track start

Bunch start (Ayalon etal. 1975 LaRue 1985) (Fig.5)

Track start Crouching start

Track start

Track start Forward type (TSF)

Track start Rear type (TSR) 2

(Vilas-Boas et al. 2000) (Fig.6)

1998 Grab start FINA
(Fig.7-a) Handle start Pearson et al.
(1998) Handle start
Handle
(Fig.7-b) Grab start Handle start

Handle start

Handle Handle start

Handle start

Issurin and Verbitsky (2003) 2000
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(a) Normal type of Track start (b) Bunch start of Track start

Fig.5 Normal type and Bunch start of Track start.
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(2004)

Fig.6 Rear type (a) and Forward type (b) of Track start.
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(a) Modified starting block

(b) Set position for Handle start.

Fig.7 Modified starting block (a) for Handle start (b) (Pearson et al. 1998).

-28-



Track start 37

Track start
Grab start Track start 2

Swing start

(Conventional arm-swing)

Straight back-swing (Fig.8)

arm-swing (Fig.8) 3

Fig.9

2-3. Swing start Grab start Track start

Hanauer (1972) 50yard
Swing start (Straight Backswing start) Grab start

Grab start
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Time sequence

a At the starting signal, pull up
and back against the under-
side of the starting platform to
get your body moving forward.

a Al the starting signal,
pull up and back hard against
ha undersida of the stafing
platiorm and drive your body
forward with your rear leg.

b Release the block and
continue swinging your arms
back and up as you drive your
AN body forward.
A

Aftor releasing the starting
platform, continue swingming
your anms back, up, and
forward in a clockwisa circle.

¢ Drive off with front leg.

¢ Then swing your arms forward Rieach down lor the walar
until they are pointing at the a8 your arms complete
point in the water where you thair clockwise “

want your body to enter.

Maglischo (2003) Maglischo (2003)

<Straight back swing> <Butterfly arm swing>

Fig.8 Various types of arm-swing introduced by Maglischo (2003).
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< Set position > < Arm-Swing >

Straight backswing
Arm back

Circular back swing
Circular outward swing

Swing start

Forward swing
Grab start < Straight backswing
Butterfly arm-swing

Forward swing
Forward type < Straight backswing
(TSF) Butterfly arm-swing

Track start <
Forward swing

Rear type Straight backswing

. (TSR) Butterfly arm-swing

Forward swing
Bunch start Straight backswing
Butterfly arm-swing

Handle start { Forward swing

Fig.9 Classification of start technique on the starting block.
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Roffer (1972) 8 1 Swing start Grab

start Grab start

12feet

Ayalon et al. (1975) 20

Swing start (Straight backswing start) Grab start Bunch start Track start

Bunch start Track start Swing start Grab start
5m Track start Bunch start  Swing
start Bunch start Track start Swing start Grab start Bunch
start 5m
Bowers et al. (1975) 6

Swing start (Circular armswing start) Grab start

Grab start
Swing start 0.17 sec 10yard
Grab start Swing start 0.184 sec
Bloom et al. (1978)
30 Arm swing (Fig.2)

Swing start Grab start 10feet

( ) (

) Grab start
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Zatsiorsky et al. (1979) 45

start Full arm swing start

Track start

Grab start

LaRue (1985) 18

start Track start

Grab start

Forward arm swing
Track start 4 5.5m
5.5m
Grab start

Arm-swing start

Grab

Track start 4m
Counsilman et al. (1988)
2 Grab start Scoop start (Pike start) Flat start Track start 3
12.5yard Scoop start
(Hole entry)
(Fig.10) Pike () start
Flat start (Fig.10) 12.5yard

Scoop start

12.5yard

start 12.5yard

4.37 sec Flat start 4.16 sec Track start 4.25 sec
Scoop start Scoop
1
Flat start
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Maglischo 2003

Fig.10 Flat start (a) and Scoop start (Pike start) (b).
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Holthe and McLean (2001) 10 Grab start Bunch

start Track start

Track start Grab start

Track start
Kruger et al. (2003) 7
Grab start Track start
Kinematics Kinetics Grab start
7.5m Grab start
Counsilman et al. (1988)
Issurin and Verbitsky (2003) Grab start
Track start 15m
Track start
800m 100m 200m
Track start 15m
Track start

Vilas-Boas et al. (2000) 11

Track start TSF (Track start Forward type) TSR (Track start Rear type) (Fig.7)
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TSR

(Vilas-Boas et al. 2003)

TSF TSR

6.07m

Miller et al. (2003) 8

Track start

Grab start

Bunch start

Takeda and Nomura (2006) 6

start

TSF

6.07m

Vilas-Boas et al. (2000)

Grab start TSR

Grab start

Track start
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11

TSF

(Reaction time)

TSR

Grab start

Track start

Grab start

Track

Track



start

Grab start

(2005) Track start

Swing start Grab start Track start

Track start Grab start Swing start

Swing start

(Roffer 1972 Wilkie and Juba

1986)

(Feltner et al. 2004)

Track start

Grab start

Track start

Grab start Track start

(Muiller et al. 2003  Takeda and Nomura 2006)

Maglischo (2003) Grab start Swing start
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start

(1988)

Kinetics

Grab start

Cavanagh et al. (1975) Guimaraes and Hay (1985) Grab

Kruger et al. (2003)

10feet (

Kinematics

Grab start

Grab start Track start ~ Swing start

Track start Grab start

Counsilman et al.

3m) 12.5yard ( 11.43m)
Kinematics
Kinematics
Track start
Kinetics
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2-4.

(Zatsiorsky et al

and Young 2002 De La Fuente et al. 2003)

Zatsiorsky et al. (1979) 60

r= 064
5.5m
( r= 067 r= 0.75)
55 66

De La Fuente et al. (2003) 44

Counter-Movement Jump (CMJ)

CMJ

CMJ

Breed and Young (2002)

23
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.1979 Counsilman et al. 1988 Breed

5.5m

Counsilman et al. (1988)

10yard

21

CMJ



CMJ

( ) 12.3% (pre

37.8+6.9cm post 43.1+6.2cm) 10.3% (pre 27.3+4.8cm post 30.6+4.7cm) 13.8% (pre

113+19.8Kg post 132+19.9Kg)

2-5.
(Ridderikhoff et al. 1999 2002 Fukashiro et al.
2003) Ridderikhoff et al. (1999) Counter-Movement ( )
Kinetics Ridderikhoff et al. (1999)
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Kinetics

Fukashiro et al. (2003)

(2002) Counter-Movement

co-activation

Robertson

and Fleming (1987) (2002) Fukashiro et al. (2003)

Ridderkhoff et al. (1999)

Fukashiro et al. (2003) (2003)

Counter-Movement)
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1) Kinematics Kinetics

(2)
Kinematics Kinetics
3)
1 (Experiment 1)
Grab start Kinematics
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2 (Experiment 2)

Grab start Kinetics
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Grab start

Grab start
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(9253B11 Kistler )

2
Grab start
0
Kinematics Kinetics
3 Grab start
Grab start
(Normal Trial NT) NT Grab start
(High Trial: HT) NT Grab start
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(Low Trial

LT)

LT

Grab start

HT
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Grab start
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(Vo)

Kinematics

Fukashiro et al. 2003

@)

1 (Experiment 1)

Kinematics

51 (4) 515-524 2006

@)
@)
2003)
)
Kinematics

(VXo)

(Ridderkhoff et al. 1999
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( 1983 Linthorne 2001 Wakai and Linthorne 2005)

(1983)
(2001)
Wakai and Linthorne (2005)
(@) (Vo)
1
Grab start (@)
@)
5-2.
Grab start
2005
15m
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15m

Table 1
Grab start (Normal Trial NT) NT
Grab start (High Trial HT) NT
(9) Grab start (Low Trial LT) 3
@)
1 5
(2004) (2005)
(
)
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Table 1 Physical characteristics and swim performance of subjects (Experiment 1).

Subject Specialty Best record Age Height  Weight 15mtime

[m:s.ms] [yrs] [cm] [Kg] [sec]

A Freestyle 50m 23.78 20 187.0 84.0 6.37
B Freestyle 100m 50.76 20 174.0 64.8 6.63
C Individual medley ~ 400m 4:28.89 20 175.0 70.5 6.83
D Freestyle 50m 2354 20 187.0 70.0 6.85
E Breaststroke 200m 2:14.93 19 182.0 77.5 6.93
F Butterfly 200m 2:02.86 23 176.0 74.0 7.02
G Individual medley ~ 200m 2:15.03 22 176.0 68.5 7.07
H Freestyle 100m 5270 21 182.4 69.0 7.10
I Freestyle 200m 1:52.66 22 180.0 75.3 7.13
J Breaststroke 200m 2:16.65 22 172.0 66.0 7.20
K Individual medley ~ 400m 4:30.48 22 180.5 74.8 7.23
L Individual medley ~ 200m 2:16.54 21 167.0 63.0 7.40
Mean 21.0 178.2 715 6.98

+SD 1.2 5.8 5.7 0.3

Note:15m time is the time for the head of the subject to pass over 15m. All subjects swam

in front-crawl.
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(2004) Fig.11

(Vr) (Ve)

(Vo)

(

@)
©)

Q)
0o
(Vr) (Ve)
3 @
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Start Signal Take-off

Horizontal line

Fig.11 Definitions of rotational component (Vr) and extensional component (Ve) of velocity
of CG (V) in a pendulum model.

V is the vectorial sum of Vr and Ve. The starting movement was modeled as a movement composed of
the rotation of segment | around the front edge of the starting block (Vr) and expansion-contraction of
segment | (Ve). Body angle (6 ) represents the angle between the segment | and horizontal line.
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eeesona,,,
®e
.
.

s-s=sdeseees Horizontal Tine, |

........... . . CG trajectar.y
\ Horizontal line ..

Origin of coordinate

Water surface
Flight distance

Fig.12 Diagram of the definitions of kinematical variable (Experiment 1).
@ take-off angle
8 , body angle at the take-off
V, take-off velocity
Vr, rotational component of V,
Ve, extensional component of V,
h  height from water surface to the edge of the starting block (h = 0.7m)
The segment | is drawn between the edge of the starting block and CG.
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Vr=-16 (3)

Ve=I (4)
(Ve) Vo Ve
T (50mx7

(FAST-CAM PCI Photron )

/sec

( ) (V)

1.3m)

1/250 sec

(Electronic Start System. Model SS2, Colorado Time System )

12

(Fig.13)

(Fig.14)
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Fig.13 Image photographed in high speed camera (FASTCAM PCI, Photron Inc.).
(Experiment 1)

Shutter speed was 1/250 seconds and, frame rate was 125Hz.
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Fig.14 Marking on subject body for identification of body segments at present study.
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( version DKH )
2 DLT
(1992)
2
V)
Butterworth Digital Filter
7 11Hz
LT NT HT
(0o) @) NT @)
(ANOVA) Tukey’s post hoc test
5%
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5-3.

LT NT HT (60)

(@) Fig.15

LT r=094(p<001) NT

r=093(p<001) HT r=0093(p<0.01)

Fig.16 H
V) (V) (\Ve)
vr V)
Ve Vr Ve
Ve Ve Vr
Grab start
Table 2 HT NT LT (@) (6o)
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w
o
1

B HT (h=12)
r=0.93
20 m p<0.01
= |
3, 10 - A NT (n=12)
© r=0.93
= Egé
3 o
X 10 - o O LT(h=12)
— 'e) r=0.94
§O p<0.01
20 -
-30
0 10 20 30 40 50 60

Body angle at the take-off [deg]

Fig.15 Relationship between body angle at the take-off (8 ;) and take-off angle (¢ ) in

LT, NT and HT.
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Center of gravity

5 —
4
v 3
g
2 °
31
(3]
> 0 -
-1 b :
0 0.2 0.4 0.6  Take-off
Time [sec]

Fig.16 Changes in velocity of CG (V), rotational component (Vr) and extensional

component (Ve) of V during NT of subject H .
The dotted line is the time at the take-off.
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(Vo) (Viro) (Vo)

(Vxo) 15m
(@) (60)
(p<0.01) HT NT LT (Vo)
(Vro) (Veo) (Vo)
(p <001 Ve, Vx, NT-LT p<
0.05) HT NT LT NT LT HT LT
LT (p < 0.01)
15m 3
Fig.17 HT NT LT ©)
(Vo) (Vro Vo) (Vo)
12 10 ©)
(Vo) 2 NT
(Vo) LT HT (Vo)
Vo 12 11 @)
! NT LT
HT Vi Ve, 12 10
@) 2 NT
LT HT Ve
@) (Vro)
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50 Vo 40 Flight distance

n=12 n=12
= — 35
£ 45 - E
= 3
-‘? €30 -
)
S 40 b o
q_) .
> Qo5 |
35 2.0
30 20 -10 0 10 20 30 30 -20 -10 0 10 20 30
@ [deg] @ [deg]
30 r Vro 50 r Veg
n=12 45 + n=12
_ 25 | —
%) RY
E £ 40 |
> 2.0 | >
5 5 35 |
) 2
K L [3)
S 15 > 30 f
1.0 25
30 -20 -10 0 10 20 30 30 20 -10 0 10 20 30
@ [deg] @ [deg]
50 VX o 1.0 Block time
n=12 n=12
@ 45 'S 09
E 3,
2 )
5 £
S 40 F 08 -
()
>
35 0.7
30 20 -10 0 10 20 30 30 20 -10 0 10 20 30
@ [deg] O /\ | @ [deq]
LT NT HT

Fig.17 Changes in take-off velocity (V,), flight distance, rotational component (Vr,) and extensional
component (Ve,) of V,, horizontal take-off velocity (VX,) and block time caused by changes

in take-off angle (¢ ) in each trial (HT, NT and LT).
The lines are drawn between each trial of the same subject.
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Table 2 Fig.17
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Grab start
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(6o) 0 deg 90 deg
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(Zatsiorsky 1979, Counsilman et al. 1988,

Pearson et al. 1998) Breed and Young (2002)
CMJ
De La Fuente et al. (2003) CMJ
Grab start
Ve Vr
@) (Vo)
@)
(Vo)
(@)  45deg ©)
@)
(Viro) (Veo) ©)
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(VXo)

@) (Vo)
@)
Grab start (@) (1997)
10 10 @)
3.98+4.96 deg Avrellano et al. (2000)
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Grab start (NT) NT

Grab start (HT) NT Grab start
(LT) 3
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Table 3 Physical characteristics and swim performance of subjects (Experiment2).

. Age Height  Body mass . Best record
Subject fyrs] foml K] Specialty [m.s.ms]
A 20 173.6 66.2 Free-Style 100m 50.76
B 19 176.5 73.1 Butterfly 200m  2.01.27
C 20 179.0 68.1 Free-Style 50m 2341
D 21 186.3 88.0 Free-Style 50m 23.33
E 19 177.4 79.5 Free-Style 50m 23.98
F 20 175.7 72.6 Breast Stroke 100m 1.01.51
G 21 167.0 59.0 Butterfly 100m 56.13
H 19 168.5 65.9 Butterfly 200m 2.01.14
| 20 186.5 69.0 Free-Style 50m 23.54
J 21 175.0 71.2 Individual Medley 200m  2.04.90
K 19 174.2 66.0 Individual Medley 400m  4.26.12
L 19 168.3 67.6 Free-Style 200m  2.00.55
Mean 19.8 175.7 70.5
SD 0.8 6.3 7.4
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(Electronic Start System. Model SS2, Colorado Time System )
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Force plate (9253B11, Kistler Inc.)

Fig.18 Force platform at present study.
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Benjanuvatra et al. (2004)
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Fx Fy m g

@) (10)

o= arctan@ﬁJ (10)

Yo

(rx, ry)
(11) (12)
(Fig.19 )
(xxF'y—ryxF'x)+ (axFy,) +(bxFy,) —c(Fx, + Fx,) =0 (11)

ry=-rx-tanf (12)

a 1 b
2 c 1 2
F’x F’y
Fx.  Fy: 1 Fxo  Fy»
2 rx ry (
) p (8= Tdeg)
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Edge of starting block

Force plate (9253B11, Kistler)

Sensor 2

Sensor1 /

Fig.19 Free body diagram of the starting block at present study.
Center of pressure on the starting block was calculated by equilibrium equation of moment about edge
of starting block and by equation that express the inclination of the starting block surface.
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) 1
Fig.20
2
2 DLT 2
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(13), (14), (15)
Fig2l )

m;-ax, = Fx, +Fxg  (13)
m, -ay, = Fy, + Fy; —m,g (14)

l,-a, =T, +T, +(F,cosé xFy, —T,sin 6, x Fx,) + (I cosé, x Fy, — T, sin 6, x FX; ) (15)
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() (b) (c)
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o
B
g
Q
o
o'
g
5
o
o
5
o'
o
o

Edge of starting block

Fig.20 Definitions of segment angle (a), relative joint angle (b) and body angle (c) (Experiment 2).
A segment angle was defined as the angle between horizontal line and the vector from distal to proximal.

A relative joint angle was defined as the angle between vectors from each joint.
A body angle was defined as the angle between horizontal line and the vector from the edge of starting block

to CG.
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Fig.21 Free body diagram of segment i (Experiment 2)

:center of gravity of segment i
:mass of segment i

‘horizontal acceleration of CG;
:vertical acceleration of CG;
:moment of inertia of segment i
:angular acceleration of segment i
-horizontal force acting on A and B
:vertical force acting on A and B
-acceleration of gravity

‘torque acting on A and B

:angle between segment i and horizontal line (segment angle)
:vector from CG; to A

:vector from CG; to B
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Fig.22 Definitions of joint torque (Tsnouigers Thips Tkneer T ankie)-
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10 o® | r=096p<0.001

9" ONT

@]D r=0.84,p <0.001
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AAA A r=0.83, p < 0.001
A n=12

Take-off angle [deg]
o

-20
0 10 20 30 40
Body angle at the take-off [deg]

Fig.23 Relationship between body angle at the take-off and take-off angle.
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Ground reaction force [N/BW]
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Fig.24 Changes in averaged ground reaction force (n=12) of HT, NT and LT.
Vertical line indicated the time (Mean grip time) when subject released the hands from the starting block.
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Joint torque [Nm/kg]
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- #,,,u" Flexion ( )
0% 10% 20% 30% 40% 50% 60% 80% 90% 100%
Normalized time (t@)
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Fig.25 Changes in averaged joint torque (n=12) of HT, NT and LT.
Vertical line indicated the time (Mean grip time) when subject released the hands from the

starting block.
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| Knee joint
©)
| e e
-
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\ LT
06 OY\ 08

P, Negative peak joint torque power

Fig.26 Changes in relative joint angular velocity (a), joint torque (b) and joint torque power (c)
at knee of Sub.J during HT and LT.
Vertical line indicated the time (Grip time) when subject released the hands from the starting block.
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Negative peak knee joint torque power (P,) [W/Kd]

Fig.28 Relationship between negative peak value of knee joint torque power
(P,) and maximum knee joint torque.
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Fig.29 Changes in averaged angular acceleration (n=12) of each segment.
Vertical line indicated the time (Mean Grip time) when subject released the hands from the starting block.
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Fig.30 Changes in averaged moment (n=12) generated to each segment by joint torque and joint force.
Vertical dotted line indicated the time (Mean Grip time) when subject released the hands from the starting block.
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Changes in relative joint angular velocity (a), joint torque (b) and joint torque power (c) at

knee of Sub.G during HT and LT.
Vertical line indicated the time (Grip time) when subject released the hands from the starting block.
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Fig.32 Center of gravity at the take-off of each subject at Experiment 2.

Curved line indicated circle of radius of the line | which was mean value (1.12m) in
Experiment 2.

| the distance from the edge of starting block to center of gravity.
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Body angle at the take-off [deg]

Fig.33 Take-off angle and flight distance, horizontal take-off velocity and entry angle related to
body angle at the take-off based on following equations.

¢=1.07116, - 28.94 (18)

V, =-0.02986, + 5.0211 (19)

x =V, cosg-t+Icos@, @)

y=V, sinqﬁ't—%gt2 +Ising, +h (2

| mean distance (1.22m) between the edge of starting block and center of gravity in
Experiment 1.
height of starting block (0.7m)
take-off velocity
take-off angle
0 body angle at the take-off
acceleration of gravity

« cn'eo<:|:

t=0 The time at the take-off.
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x-coordinate [m]

Fig.34 CG trajectories and flight distance related to body angle at the take-off from Experiment 1
data (See Fig.33).
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Flight distance 0 ¢ (0} VX g
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A 3.30 308 4.0 4.09
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Fig.35 Comparison of CG trajectories when body angle at the take-off were 30.8deg (A) and

45deg (B).
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(A) ¢and 0 | is not equal (B) #and 6 , is equal
“Hole entry”

Fig.36 Cross sectional area which is determined by segment angle (8 .) at the water entry.

V: Velocity vector of center of gravity.
¢ Entry angle

6 . Segment angle

S: cross sectional area for V direction.
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(B) Lower take-off angle

............. — Angular displacement —
CG
Take-off N
x Take-off
Water entry l

Water entry

Fig. 37 Angular displacement of the whole body from take-off to water entry in order to perform
hole entry.
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