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Figure 3- 1 Experimental setup diagram (camera layout and calibration points ).
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1.Right hand
2.Right wrist
3.Right elbow
4.Right shoulder
5.Left hand

6.Left wrist

7.Left elbow
8.Left shoulder
9.Right toe
10.Right ball of foot
11.Right heel
12.Right ankle
13.Right knee
14.Right hip
15.Left toe

16.Left ball of foot
17.Left heel
18.Left ankle
19.Left knee
20.Left hip

21.Top of head
22.Midpoint of both tragia
23.Top of sternum
24.Hammer head

Figure 3- 2 Digitizing points of the body and the hammer head.
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FCLASCLATCTATE AT

Roffl HP1 Ronl LP1 Roff2 HP2 Ron2 LP2 Roff3 HP3 Ron3 LP3 Roff4 HP4 Ron4 LP4 Rel

SsP1 DSP1 DSP2 DSP3 DSP4

Turnl Turn2 Turn3 Turn4

Figure 3- 3 Definition of turn phases.
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Instantaneous rotating plane of hammer

Instantaneous center of
rotation (x,y)
| ¥

R hammer

Vhandle

Vhammer

w, : Angular velocity vector in rotating plane

Ryammer - Vector from instantaneous center of rotation to hammer head
Ryanaie - Vector from instantaneous center of rotation to handle
Vhammer - Velocity vector of hammer head

Vhanaie : Velocity vector of handle

2 2 ..
|U)z X Rhammer - Vhammerl +|(‘)z X Rhandle - Vhandlel » Minimum

Unknown variables : w, and coordinates (x,y) of instantaneous center of rotation

Figure 3- 4 Rotating plane of hammer and instantaneous center of rotation.
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Instantaneous center of rotation (ICR)

O

Leading distance of
handle

Y:
cr A

A icr

Hammer head
(Xicr: Yicr: Zicr)=(0,0,0)

Figure 3- 5 Rotating plane coordinate system, instantaneous center of rotation, and

leading distance of handle.
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Instantaneous center of rotation (ICR)

O

Radial component of handle

velocit_){___ Handle

i velocity

Tangential component of

Y. handle velocity
icr

Tangential component of
hammer ROT velocity
Hammer head velocity
—) )
E Xicr
Hammer ROT velocity
(0 XR)

Radial component of ™ g
hammer ROT velocity

Figure 3- 6 Hammer head velocity, handle velocity, velocity of hammer rotational

component (Hammer ROT velocity) and angles of 8, and 0,.
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(a) Trunk (t) (b) Upper trunk (ut) (c)Upper limbs (ul)

Figure 3- 7 Definition of the segment coordinate systems.
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(a) Trunk twist joint (tj) (b) Shoulder joint (shj)

Figure 3- 8 Definition of the joint coordinate systems.
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Throwing
direction

1t

180° 0°

(a) Azimuth angle of
hammer

Elevation

Azimuth angle

(b) Elevation angle of
hammer

180°

Throwing
direction

*

(c) Rotation angle of
shoulder

Figure 3- 9 Angle definitions of hammer and shoulder rotation.
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Zug

2

(a) Extension/Flexion (b) Horizontal (c) Back/front lean (d) Left lean/Right lean
angle of shoulder joint  abduction/adduction angle of trunk angle of trunk
angle of left shoulder joint

Figure 3- 10 Angle definitions of upper limbs and trunk.
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Hammer head
velocity

\

(a) Reference frame on upper torso (b) Reference frame on
hammer

Figure 3- 11 Reference frame on upper torso and hammer.
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Figure 3- 12 Lower trunk reference frame.
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(a) Extension/Flexion (b) Horizontal (c) Knee angle (d) Ankle angle
angle of hip abduction/adduction
7y angle of hip

(e) Left thigh angle (f) Left shank angle

Figure 3- 13 Angle definitions of lower limbs.
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S

Y Hammer head

Figure 4-1 Hammer head, handle and instantaneous center of rotation (ICR) on static coordinate

system (dotted line: Single Support Phase (SSP), solid line: Double Support Phase (DSP)).

46



Radius of curvature (m)

R Ewivis

Roffl Ronl Roff2 Ron2 Roff3 Ron3 Roff4 Ron4 Rel

HP1 HP2 HP3 HP4 LP4
— Radius of curvature |
2 -
15¢f
YiCT‘
1} ICR
05T Zicr Xicr
[ . I @ B S .
0

0 50 100 150 200 250 300 350 400
Normalized time (%)

Figure 4-2 Radius of curvature

47



Jusuodwod [euolrelol Jawurey

"Jawiwrey Jo auejd uonejol uo A1190]aA ajpuey pue (A1190]8A 1 OY Jawwey) AI20joA

40 (3ybu *'x) uonosuip [elpes pue (Yor **'x) uonoaiip |enusbue ‘souelsip Buipes ‘paads pesy JewiweH ¢ -F oIn3Ly

(%) awn pazijewIoN

— I I T e

00c 09T 00T 09

0

4

A90[8A L OY JatiweH v
i 40 Jisuodwod [elpey — T

D

9

— — — co

0S¢ 0¢ 08T _00T 09 mwo.

é.ﬂ.o

1¢0

1€0

170

aouelsip buipea] — 1 G0

vd1  ¥dH €1 €H 2d1 2dH Td1  TdH 90
YUOY  PHOY EUOY EHOY guoy ZHoY Tuoy  THOY

134

LALE

(s/w) An20]19A (s/w) An2019A

(w) aouelsig

(%) swn pazijewioN

00F 0S€ 00€ 0S¢ 00Cc OST 00T 0§ 0

— | 0
{1¢
4
9
8
A100]9A 3|pueH {ot
10 Juauodwod fenuabue ] —

ct

0oy 0S€ 00€ 0S¢ 00¢ O0ST 00T 0S 0
. e | 0
16
1 0T
o4 16T

I 7z ]
A100]8A 1 OY JawiweH 0z
10 Juauodwod [eUBBUR | = 1 8¢
— og

00 0S€ 00€ 0S¢ 00Cc OST 00T 0S 0
— ] O
1S
10T
1 GT
1 0¢
L4
paads peay Jawwey — 0

vd1 vdH  €d1 €dH ¢d ¢dH Td1  TdH
yUOY  pHOY EUOY  EJOY guoy ZHOY TUOYH  THOY

134

T TLITATENT

(s/w) Anaojan

(s/w) Ano0jaA

(s/w) paads

48



PEHEE (X434 LB IZERTDE, Ny RAEITHERENIEICR D 24 I 71280V T,
IZIERIFHCAN v —~y RAE— RO L Tz,

BERIT RSy DN~ — R R Sy (K 4-3 2 BR) 1, Ny~ —~y RAE— RO
e & BITHEML T\, 7ok, Ny RASATIRRES EDfEA R L7-#1Z, Ron—LP T/
~ — AR R A L Cnie (K 4-3 45 BB EAEBY) . —0F, ERA MmO Ny~ —IF]
BRI R Sy (X 4-3 A7 EY) 1%, Rond—Rel ZFR\C, JEIFIAIO > ROV (X 4-3 45
TEB) LIERITRRZLOORE SIFEBL7odhifi 2" LTz,

NV RV OB E AR TR AR RIZ I T HEER T MO~ RVHE (X 4-3 /6 FEX)
EERT DN RVEE (K 4-3 4 FEB) 1%, ~or~w—~y RAE—R#NE &b, #%
I DN RAEBERD, BRI O RN L T, £72, im0
N RIVHEOZEA R Z — 2 (K434 FEB) 1, ~v RAEITIHBEOZ 2 — 2 (K 4-
34 LB LEMBILTWeE SHIT, RO FVIRETA 2 — 12810 5 HP—LP
THIML, DSP#f: (LP—Roff) 133 LT\ /=, £7z, Rond—Rel (281 BT D~
v RV K ONERT O RVEHEEE, &% —v &80 LP4 I 6 Rel 2B

TREHEEML T,

4.4 E5
441 Nrvw—~y RAE— RENY REE L ORRIZ OV T

AKEOHWNL, Z—r@8fEhonry~—~y FAE— FEINCEET 20 FLVOEiX
ENY RIVEATHBEIC DWW TORREICOWTHRETT 22 & Thole. X —VEifEFR O
Y=y RAE— REEIMe > FVETH OB A D L, Nr~—~y FAE—F
HWINBAR D 2 A X 2 7%, N RVFEATIEBEN IEOEZ R T2 A I 7 LIZERIETH Y,
FATOIIEDRER & —B L7z (M43 BB EH EB). nr~—~y FAE— FOHEINICE
L CHEHIEDY (2008) 1E, /N> BB~ —~y Ko~ — OB A L % 5 SRy

49



FVEATLIERIETCUA YTl E2 A5 Z LiZ ko Ty ~—ry REMET 2 20%
WAELT, HWlonry~—~y RBRETTLHRETYA Y —IZENEZMA D Z LIZL o Ty
vy REBESEDLENEL D EBRRITND. 25D Enb, Nr~v—~y KA
E— REBMSE272120E, N RAEAITHBAEBGT 5 Z ERANETH D Z L3k
RTEEEBEZLND. LIRS T, nrw—ny RAE— REINCEET 50 RVHEAT
DR DIZD DAY RADBEIZHOWTHRETHZ & & L.

Z—EEROFRIEEE R XY FlE EIZBIT o2y~ —y B, A RS JLOWREE
R D ORI OWT, Nr~v—y RAE— RENRBE O DSP (2B T, B E#E$
DIIFFIEEER O —X HFAB L OY Fa~Ba# LTz (X 4-1). K5I DSP FiHECRHWT
I ~—oy FIZBRREES DTS MR LNz, ZOZ b, Z—EfEfo
HRPEREOR IZEIIOVWTERT DL, £%—® DSP A (Ron—LP) (23Tl
PRITFA LT (M4-2). ZnbDZ Ehb, BiFIT N ~—~y RAE— RZ#0
SHDLEE, N Pz BREERR LT A~ 5 2 LT, X = EifER L STV L
FEAbND. LI T, BRSO~ D30 RV DEGI DN RVSATIREED
BAFIZEG- LTV 2008 9 D a B FHINCH G T 272012, B EEEERICBIT D
N RVDBEE &y RVFATIEEOHERIC W TRRET 217> T <L

NV RIVOBE)E &R [RER BRI T DIER MOy RVEEIZERT 5 &,
Ny RAE— RHINE & BIZ, IERITRO N RVEREREML Tz (K 4-34
T . ET, ERFMONY RVEHEDOEA Y — 0%, N2 RAVERITIRBED 2R 2 —
VEFPIL W (K434 EEEETE). ZnboZ End, BREEEEEHFOIT A~
¥ RIVOFEGIEWER AN RVOFEATHBEOMEBIZE L T D RN R IND. &6
(2, IERFIO N ROVEHEE OB & o~ RVSATIREEO BN & O BRI DWW T 5
T DD, Ny —=eNY FADFR~T 4 7 A% 3T, T OBRIZ OV TRMTRY
ICBRETHIZ L LT D N~ —ry REEE, N2 RVEE &~ —[RESEE RS O

50



X7 MVOFNZ L - TERFTZENTED. KA ESEIL, Zh D ORHERRS OBIRIZ O
T, N FVEATHEBNEDOEZ R 5HE (K 44 (@), ADEZRTEE (K 4-4 (b))

TR LTz, A~ RVEITHBEN EOEAZ R TIGEE, N ~v—~y REEXT b L
WZxt LT, N~ —[BEREE X7 hUE0, FEREEHEI D 2V TS, L - T, Y
ROVIR P (TSR IERR T Ry D IEDSEE R o2 L1272 D (K44 (). KHHS, v
RAVEATIRRE RS A D2 R 5E81E, Ny~ —ry REERZ M3 LT, ~ o~ —[alis
BT S VX0, FERCRERTEL D T[TV D, LTah > T, /Ny ROV EE X AR 1k
IS DADHEEZ DO LIl d. T4 Y —DREE (AN by ~—a~y R
LMIMENT DVORS) XIRE—ETHDH I Lnb, Ny RO E L% Bl
DIFETRET DL, ,OKRNIE > TREIND T2, N2 RAVFATHRE 6, 0, & 15
TR DNy RV OHIT T 5. Lizi-> T, #—2E8ifEh o RV TEE S 1
MRIGED /N RVEE OHRAEAL N7 — U PN —B L7z Z ST AT 5 2 &3 T
D INHLDZ LD, BEENZ—CEIERICN =y A= FZEINSE 57
DIZIE, BRI O TR~ BV R G T 2 MBNED B 5 2 L N EAYIZE B 7
Role. SHIZZOMEND, WEROBRKEETHON L TWD RN —/LEEIZX 5 H KD
B X & OBMENERE (FVEIZ), 1996) #2521 T, N RUWVEREEICHT 2 51k
DEZZDOWTHRHNZITD 2 & T, Ny RAVETHBEROID O IKOB & % E &3
HZENAREL TR D. Ny RVIATHBEO R L IERIT RO~ RV & O BRI
SEMTIp ol Z &, F—rEfER Oy~ =y FAE— RN 2 H AR08 (2
SVWTEERMICHRETT S Z L 2ARICT 2O TH Y, FHEE TR Sh TV - R
B, FEOBEIR L UCHEOENALEE R EDO N~ =~y REINESE D720 D
& OBRIEIC OV T L NITE D LB OND. B, AEIZBWT, ERFHO N
~ — [EIRE oy & BT IR DN RAVEEELY, IEAITRR 5 ODOKE SITHERLL 72 ih

Mam L TWne (MA3ATBREATE). INDLOHEDORE SIE, ARITERMFHIC

51



Instantaneous center of rotation (ICR) Instantaneous center of rotation (ICR)

O O

Handle velocity

Handle velocity

Yier y AYicr

Handle velocity

7 Vhammer 7
icr icr
X icr

Handle velocity

o XR Vhammer Xicr

(a) Leading distance is positive (b) Leading distance is negative

Figure 4-4 Relationship of hammer head velocity, hammer rotational component, handle velocity

and leading distance of handle
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Figure 4-5 Relationship between handle movement and handle velocity on two

dimensional plane of hammer.
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Table 6-1 Azimuth angle of hammer, elevation angle of hammer, shoulder rotation angle and hip

rotation angle

at each event.

Azimuth angle of Elevation angle of

Shoulder (deg) Hip (deg)

hammer (deg) hammer (deg) J Pieed
Roffl -30.31+ 23.54 046+ 564 -112.16+ 24.85 -117.41+ 22.18
Roff2 -27.47+ 17.91 -5.00+ 6.79 -113.04* 17.89 -107.36% 19.52
Roff3 -23.99+ 14.09 -10.88+ 7.91 -111.84+ 15.13 -104.23% 13.01
Roff4 -21.54+ 13.99 -16.53+= 9.11 -112.98% 15.61 -104.96=* 15.47
Ronl 118.87+ 21.49 421+ 8.02 47.03+% 26.39 96.64+ 24.94
Ron2 134.4% 16.71 1140+ 8.22 57.19+ 22.31 109.67+ 19.83
Ron3 149.12+ 17.27 13.27+ 9.94 68.71+ 23.22 117.10% 22.79
Rond4 164.31+ 22.82 10.70% 14.79 87.09+ 30.62 125.41% 26.59
HP1  46.24% 17.57 16.16+ 5.09 -33.25+ 20.62 -5.41+ 29.81
HP2  68.01+ 14.31 26.19+ 4.49 -10.74+ 17.07 28.13+ 23.18
HP3  80.35*+ 12.56 33.48+ 3.73 -2.88 % 16.53 34.69+ 19.62
HP4  90.04% 12.39 38.00 3.24 6.14 + 15,53 40.80* 17.47
LP1 233.36+ 16.14 -28.72+ 4.17 159.47+ 15.45 170.55+ 18.24
LP2 251.21+ 14.55 -34.35+ 3.54 170.99+ 13.25 186.81+ 18.35
LP3 263.16+ 13.87 -38.69+ 3.09 181.24+ 13.90 192.36+ 18.18
LP4 269.66+ 12.97 -41.72+ 281 190.49+ 15.20 197.25+ 16.95
Rel 378.21% 9.39 6.82+ 5.98 290.84+ 1343  256.96+* 13.52
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Table 6-3 Correlation coefficient between throwing record, angular

displacement of azimuth angle of hammer, shoulder rotation and hip rotation

during DSP and Ron-LP.

Displacement (deg

) Correlation coefficient
vs throwing record

DSP1 213.66 +14.64 0.126

DSP2 201.52 +12.83 0.143

DSP3 189.33 +13.81 0.011

At anle of DSP4 213.91 +20.31 0.114
il g Ronl—LP1 114.49--21.13 0.439 *
Ron2—LP2 116.73 +16.42 0.422 *

Ron3—LP3  114.04 -+ 16.09 0.215

Rond—LP4 105.35+19.78 0.157
DSP1 199.93 +21.63 0.482 *
DSP2 100.96 +21.01 0.360 *

DSP3 178.30 +22.80 0.238

Should _ DSP4 203.75 +32.74 0.164
oulder rotation Ronl—LP1 112.44427.14 0.579 *
Ron2—LP2 113.80 +23.96 0.505 *
Ron3—LP3  112.52 +23.62 0.327 «
Rond—LP4  103.40 +29.48 0.382 *

DSP1 156.00 = 25.63 0.203

DSP2 146.10 +21.02 0.130

DSP3 137.94 +24.10 0.053

L rotation DSP4 131,55 +29.50 0.063
'p rotati Ron1—LP1  73.91-£27.62 0.455 *
Ron2—LP2  77.14-27.76 0.332 *

Ron3—LP3  75.26+27.25 0.167

Rond—LP4  71.85+26.97 0.157

*:a significance level is set at a risk rate of 5% or less.
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Table 6-4 Correlation coefficient between azimuth angle of hammer at Ron, angular

displacement of azimuth angle of hammer, shoulder and hip rotation during Ron-LP.

Correlation coefficient
vs Azimuth angle of
hammer at Ron

Azimuth angle of hammer -0.714%
Ronl1-LP1 Shoulder rotation -0.741«
Hip rotation -0.581 =
Azimuth angle of hammer -0.614*
Ron2-LP2  Shoulder rotation -0.683*
Hip rotation -0.393*
Azimuth angle of hammer -0.656*
Ron3-LP3 Shoulder rotation -0.694 *
Hip rotation -0.372*
Azimuth angle of hammer -0.824
Ron-LP4  Shoulder rotation -0.717*
Hip rotation -0.568*

*:a significance level is set at a risk rate of 5% or less.
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Table 6-5 Correlation coefficient between throwing record, azimuth average
angular velocity of hammer, shoulder rotation average angular velocity and

hip rotation average angular velocity during DSP and Ron-LP.

Angular velocity ~ Correlation coefficient

(deg/s) vs throwing record
DSP1 577.47=+ 58.15 0.725%
DSP2 707.51+ 67.57 0.818+
: DSP3 804.30=+ 70.42 0.853%
Azimuth angular — Hepy 790.72+ 57.89 0.836%
velocity of
hammer Ronl—LP1 533.93% 50.94 0.650%
Ron2—LP2 661.18+ 61.52 0.786%
Ron3—LP3  748.14+ 58.09 0.842
Ron4d—LP4  792.55=+ 70.30 0.652%
DSP1 536.99=+ 77.59 0.775*
DSP2 665.50+ 90.68 0.750%
DSP3 741.12+ 81.66 0.822%
Should _ DSP4 751.06=% 82.01 0.677*
oulderrotaiton o1 1Pl 520.62+ 87.89 0.742+
Ron2—LP2  639.92+105.59 0.730%
Ron3—LP3  733.49+105.77 0.709*
Ron4d—LP4  768.99+140.89 0.691*
DSP1 429.13+ 73.26 0.582%
DSP2 526.24=+ 77.67 0.577
DSP3 605.40+ 88.59 0.510%
. _ DSP4 483.00+ 78.84 0.651%
Hip rotation
Ronl—LP1 342.59+107.35 0.493%
Ron2—LP2  436.16+136.31 0.419%
Ron3—LP3  495.36+159.37 0.295
Rond—LP4  529.04+146.15 0.297*

*:a significance level is set at a risk rate of 5% or less.

81
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(ZBWTIEOMHBIBIR S A2 S 1Tz,
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Table 6- 6 Correlation coefficient between throwing

record and time during DSP and Ron-LP.

. Correlation
Time (s) coefficient
DSP1 0.38=%0.05 -0.439*
DSP2 0.29+0.03 -0.606*
DSP3 0.24=%0.03 -0.580*
DSP4 0.27+0.04 -0.403*
Ronl1—LP1 0.22=+0.04 0.072
Ron2—LP2 0.18+0.02 -0.121
Ron3—LP3 0.15=+0.03 -0.245
Ron4—LP4 0.14=+0.03 -0.151

*: a significance level is set at a risk rate of 5% or less.
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Table 6-7 Correlation coefficient between throwing record and velocity of left and right

shoulder joint center during Ron-LP.

Correlation coefficient

Velocity (m/s) vs throwing record

Ronl-LP1 2.06+0.44 0.465=

. Ron2-LP2 2.94+0.61 0.639=

Max velacity Ron3-LP3  3.55+0.63 0.531*

. . Ron4-LP4 3.91+0.59 0.544*
Velocity of left and right on

shoulder joint center Ronl-LP1 1.03+0.46 0.454

| t of velocity RON2-LP2  0.84=0.61 0.511x

nerement oTVeIocty pona-LP3  0.56+0.51 0.358

Ron4-LP4 0.61%0.48 0.488*

*:a significance level is set at a risk rate of 5% or less.
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Table 6-8 Correlation coefficient between throwing

record and increment of hammer head speed during

Ron-LP.
. Correlation coefficient
Velocity (m/s) vs throwing record
Ronl—LP1 2.72%+1.06 0.506*
Ron2—LP2 2.60%+0.70 0.412*
Ron3—LP3  2.36%0.61 0.386*
Ron4d—LP4 251+0.74 0.415*

*:a significance level is set at a risk rate of 5% or less.
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Figure 6-1 Angle of upper limbs and trunk during turn and release phase.
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il & OFNTITAEZRAMEBERBRIIA bR (3£ 6-11).

JE BAE R 4 1, LPL, LP2, LP3 &L r—iRA v MIBWT, HEEFeEE ORICH
BRAOHBENRA BN (£ 6-9). FRICERT 537 2 —4 Th % J8 BIFH = ih A
[ZOWT, R EOBRMEZHRFIT D &, FRAGWBEE 1T E T B RJE fh A v S
Mol ZOZ LD, FREZMGIZEE UL LPL, LP2, LP3 g B IEIE
4 B & OIRMHBIBIR A AT LTz & 25, ARRBMRIEEZ b RnoTz. 51T, K 6-12
(2, BRAECER & & 2 — I T £ TR B A B 2Rk = de K OVE B e dh /4 B LR L o
BALRME AR L7z, Tumnl (Z38\ C R BAER R /4 B A8 (b e ds X OVR RIS th 4 FE 2L B & oo

\ZIEDOMBIBIRA A b T, — 5, BFLeRk & & % — N I1T 5 8 B R i o B A K
3 & OV /IME & DBIRIEIC SV T OFBIBIR A HEFHRIC R L72/ER, T xTox—r

(ZHR W TR R ER & B/ M & ORI B OFBIBIR A A 7.

IRERRER A FE 1L, LPL 36 &Y HP3 D A fefifidn & ORI IED A E 2RI 2 b
= (£6-9). F7o, REEIER S DSP ISR H RSB BREMEE(LRIC OV TRIIT L L, &

TORECHERBRIIA DN -T2 (R 6-13). =D —J7, itk s DSP 2B 51K
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Table 6-10 Correlation coefficient between throwing record, angular displacement

of trunk front twist, trunk twist average angular velocity during Ron-LP.

Correlation coefficient

Average value .
vs throwing record

Ronl—LP1 51.79%21.54 0.286
Angular displacement of Ron2—LP2 49.59+17.49 0.261
trunk front twist (deg) Ron3—LP3 43.41£17.23 0.148
Ron4—LP4 70.49+20.82 0.192
Ronl—LP1 176.19+79.99 0.124
Trunk twist angular velocity Ron2—LP2 197.26+109.86 0.173
(deg/s) Ron3—LP3 228.57+123.30 0.191

Ron4—LP4 232.28+120.51 0.444 =

*:a significance level is set at a risk rate of 5% or less.

90



Table 6-11 Angular displacement of shoulder joint horizontal abduction (displacement
of sh-habd) and average angular velocity of shoulder joint horizontal abduction

(angular velocity of sh-habd) during LP-Roff.

Correlation coefficient

Average value .
vs throwing record

LP1—Roffl 26.10%x= 9.26 -0.324 =
: ) LP2—Roff2 23.491+10.45 -0.220
Displacement of sh-habd (deg) LP3—Roff3  23.38+10.80 -0.204
LP4—Rel 32.47+11.74 0.056
LP1—Roffl 229.99+ 77.96 -0.011
. LP2—Roff2 241.68=+ 95.05 0.067
Angular velocity of sh-habd (deg/s) LP3—Roff3  283.71+136.47 -0.044
LP4—Rel 444.83+173.10 0.181

*:a significance level is set at a risk rate of 5% or less.
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Table 6-12 Correlation coefficient between throwing record, displacement of shoulder

flexion/extension, shoulder flexion/extension max and min angular velocity during

each turn.
displacement(deg)  Correlation coefficient
vs throwing record
Turnl 4773 = 0984 0.413 =
. Turn2 58.23 = 7.28 0.241
Extension  Tyrn3 6421 + 7.05 0.006
Turn4 80.06 = 7.86 -0.295
Shoulder urm
Flexion/extension (deg) Turnl 4653 + 746 0315 *
Flexion Turn2 57.60 + 7.29 0.122
Turn3 66.41 £ 7.88 -0.012
Turn4 60.36 + 13.52 -0.124
minl -251.25 £ 73.52 -0.578 *
. min2 -361.18 = 107.25 -0.499 *
Extension  mjn3 -430.20 = 87.97 -0.505 *
Shoulder min4 -507.07 = 91.10 -0.386 *
Flexion/extension
angular velocity (deg/s) max1 196.35 = 75.75 0.235
Flexion max2 267.65 = 77.80 0.110
max3 302.06 = 84.42 0.037
max4 592.47 = 74.82 0.349 *
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Table 6-13 Correlation coefficient between throwing record, angular displacement of

trunk back lean during DSP and trunk angular velocity of trunk back lean during Ron-

LP.
Average value Correlatl_on coefficient
vs throwing record
DSP1 23.31 = 7.08 0.070
Angular displacement DSP2 25.26 = 4.63 0.034
of trunk back lean (deg) DSP3 22.24 = 464 0.031
DSP4 26.64 + 6.09 -0.097
A | DSP1 59.09 = 27.63 0.262
Volooity of DSP2 80.86 + 23.29 0.448
beck | y DSP3 98.61 = 22.04 0.409
ack fean DSP4 92.06 = 25.45 0.055
Ronl-LP1 180.99 = 64.66 0.369*
Angular velocity of . Ron2-LP2 204.29 * 67.49 0.480~*
trunk back lean (degls) M@X angularvelocity  pons p3 21711 + 6931 0.208
Ron4-LP4 235.06 = 60.01 0.188
Ronl-LP1 202.61 *= 85.77 0.212
Increment of angular Ron2-LP2 226.81 * 99.45 0.473*
velocity Ron3-LP3 257.37 % 100.83 0.437*
Ron4-LP4 243.64 = 113.23 0.390=

*:a significance level is set at a risk rate of 5% or less.
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R R B S & D [HICIE, DSP2 36 KO DSP3 238V CIEDAHBBEMRA 2 H a7z (£
6-13). MA T, MWFLELE Ron—LP (Z351T 2 IR A B e KAE & DFIZIE, Ronl—
LP1, Ron2—LP2, Ron3—LP3 (2B W TIEDOMHBRMRA A b (K 6-13). & 612, &K
§k & Ron—LP |27 5 IRep A s N & & OfIZIE, Ron2—LP2, Ron3—LP3, Ron4
—LP4 (2R W TIEOMPBERR A A2 BT (3 6-13).

(Rep/e A4 FE 1, Ron2, HP3, Ron3, HP4, Ron4, LP4 & & — % -l Fefifrnsh & O]
(ZIEOMBEREMR, TRDLREKEDO®mWVEEEIZIERBRLLEEL T LA LN
(% 6-9). 7=, HMFLERE DSP (231 2 R/ A A FE AL B & DBIFRIEIZ SV T, K
e A JEZE (L R DSP2 33 L U DSP3,  {R#R/c B AL & i3 DSP4 TR D BIBELR D 4
bz (R 6-14). 7ok, HAMFLER L DSP (2351 2 IRep /e A B A B i KA & OFIZIZAE
IARBIBALR S 2 B Ae oo (R 6-14). — 5, fRIIFIER L DSP T 361T 2 (R A A B R P
de/ MBS OV R 2 A Al SR AE & D BIFRMEIC DWW T, DSP2, DSP3, DSP4 238\ T

ADOHBERRR N (K 6-14).

6.3.7 NU~—DUA YBT3 0TI M O S OFERARR L HARE & O TERR IR
# 6-15 (T, BBk EFIHEAOHREBLI VO LP IZBT D Ny ~—DU A ¥ —IZEAT
BT O N OIERMR L FRTED & QT (hwire-poayce) & PHABBIRIZ OV TR
L7z, BEiies & Bt 0 R L ORICIXEOHBIBERA AR b, £, B s LP
I8 Dryire-poaycetZlE, BTO LPIZBWTIEOHBBRNR A b, 7eds, #iffaisk s
BILHRICKT 2N~ —DU A Y —ITEMT D0/ O S ORI L S ikE

i & ORI (Twu”e bodyCG%) & DORNTIE, LP4 OB A OFEBERERN A BT,
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Table 6-14 Correlation coefficient between throwing record, angular displacement of

trunk right/left lean during DSP and trunk angular velocity of trunk right/left lean

during DSP.

Average value

Correlation coefficient
vs throwing record

DSP1 -4.68 = 4.06 -0.085
: DSP2 -8.16 = 4.77 -0.318*
_ trunkrightlean — neps 147598 + 5.55 -0.367*
Angular displacement of DSP4 -17.23 + 7.13 -0.165
trunk right/left lean (deg) DSPL 1912 + 651 0.182
DSP2 5.26 = 3.96 -0.127
tunkleftlean — psp3 5779 ¥ 315 0.197
DSP4 5.20 = 5.40 -0.371+
DSP1 14.44+37.01 -0.043
Average angular velocity of DSP2 -21.99+31.86 -0.295*
trunk right/left lean (deg/s) DSP3 -71.81+33.87 -0.364 *
DSP4 -90.28+41.76 -0.419*
DSP1 136.47+50.62 0.153
Max angular velocity of trunk right/left DSP2 127.93+69.24 0.262
lean (deg/s) DSP3 105.20£76.68 -0.079
DSP4 109.45+75.34 -0.292
DSP1 -127.00%+67.02 -0.162
Min angular velocity of trunk right/left DSP2 -121.08+48.72 -0.487 *
lean (deg/s) DSP3 -148.78+41.88 -0.504 =
DSP4 -156.741+42.92 -0.314*

*:a significance level is set at a risk rate of 5% or less.
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Table 6-15 Correlation coefficient between throwing
record, body height and perpendicular distance
between the line of force acting in the direction of
centrifugal force on the hammer wire and the body

center of gravity (rwire—bodyCG) at LP.

Correlation coefficient
vs throwing record

Body height 0.781 *
LP1 0.440 =
. LP2 0.418 *
Twire—bodyCG at LP3 0.449 =
LP4 0.492 =

LP1 -0.114

. . at LP2  -0.036

wire—bodyCG% LP3 -0.119
LP4  -0.289 =

*:a significance level is set at a risk rate of 5% or less.
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6.4 &%
6.4.1 DSP (21T D FEEARIED SWWBHE DN~ —y RIS O RHRIZ DU T

ARFE T, SLEOKHEIZ LD DSP O~ —~y RABHEIEDE M OW TRET &2 1T - 72,
Z OFER, FREOKIEDE VB E L, Ron D U= —~y FALED X 0 BT I
WREDN DN~ —r~y RIEENIEAZ 1T > T2 Z &, Ron—LP O/~ —~~y NEE)IHHE
BLONV~—~y FAE— FEIMERRE W E WD FHEDH L7272,

N —OIRERT R L LT, Z|R (1994) 1F3h v ~w—~y RICTE 272 BV EERE
BHDONEFERNIE TN Z L, A" —BEICTE D EIT RV, 202 EHSE
TV ZEPNT =AM EIZESTRETHDL I LEEZBITND. ELZDIDHIT
X, HREHMOZ A IV TERLSTHIERUELRDEEZ LN TS, T 2T, £H#E
kL Ron B N~ —r~y RALE & OBURPEIZ OV TR 21T 72. %4 — 2 ® Ron Tl
BAFLGR L N~ — DAL E ORMICHERADOHBBERA AL (K 6-2). ZDZ L
726, DSP BiAsHIE Td 5 Ron (ZHBWT, FRERKED EWWEHEE 1Z ER iz ~—
B HRETHEEZHEML TV Wr 5. IHIZ, DSP O~ —OBENEH, 372bb
N = AEALEIZ OV TG 21T o 72, ZORER, REIZBWTIL, &EELHE & DSP
H N~ =N R L ORITITHBEBRA bz oT (£ 6-3). T78bb, ik
KED @ WBHE TR EER ETHEMB SN TWD L 912, DSP O/~ —~y NEH)
ERSL, Aryv—ay RAE— REHINSETEW o 7o, GlEKED SO 134
BHEHOZ A I 7 ERLTWEIZHEDLT, DSP o~ — A2 & & O
ITHEBABIR N B e o 1oy, £ 2 — 18381 D DSP OF& TR Toh 5 Roff ICEF H T
D&, REKEDOEWEEFIZE, Ron FFZRK T D r~—~y RHADEN/NE o7

(X 6-2). T70bb, FLKEOEWFHEIZERB IR~ ~—NbORETHEL
L Ty, B A I 7 THEBE 21T > T\ a7z, HEiEiek s DSP IZBIT 5
N~ — AR L OMBRBRRB A LN ho Tt EZBND.
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S BT, FEKHED FmWBEE N R WZ A I 7 ThH BB Z 1T o TW2Bif & LT, Ron
—LPIZBIT 2 HEROBEPEBR LI b D EMEIND. BL4EIIBV TNV —~y FX
v— NI 5 RVEITIEBEIZEIZ Ron—LP THIIIL TWeZ &, 7285 EICE
WTHROWHEBEN L > TERIN T2 EZA LN L. REIZE VT Ron—LP
DHEDOWEBENCHSOWTERT L &, KFHE EICHIT S Ron—LP Offi 8 B2 B —
ROfRAE, K¥H EIZ31T % Ron—LP OffifE B 1.0 2 B — FOHINE & ORIZHFHHY
ICHBERMBBGENRA LN (F6-7). 202 b, kKD R OB 1E & Ron—LP
ZBWTHEROB T BEZHER I ToT\WEWWx b, DSP Iy ~v—~y RAE— KR
WINT %, 2E0 v~ —~y RN OLHIDBREL LD RETH D700, FHE ITHE
REDEOLNTHES o Tor~—2%S CEPM) ~5I&HT 2 BLEMENPAELC 5. FiekkiE
DEWVBEEIZE, ~Nr~v—ay R 2@ 00T RE< 25 BRIEH, 2006). £7z,
W=~y RAE— REBINSE5720121%, & 5 BRICEEE 3B [als o0 7\~
N RVEFERTHZETAY RVERITIHBENHEMSE 2 LEER R H S GB4E). Znb
D LMD, FREKEOEVEHFIEE, Ron—LP IZBWT Ay ~v—~y RAE— R&/#
B3 270, FEWERTLHEOINIIT D72OICHEROB T ~OBEHEZ KX < LT
T2 e, HREHO X A I 752 ROLZ LICER o LRI ND. ZOREICER L,
FABFLE & Ron—LP 281 Do~ — A2 k& & OBBRMEIC S W TRFT 2 &,
Ronl—LP1 35 X TN Ron2—LP2 [T W THIBHBIMR A A b iviz (R 6-3). AT, FHincak L
Ron—LP ([ZBBIFH /v ~—~y RAE— NgN&EE OFFBEBRIC OV THRET 5 &, &7T
® Ron—LP IZB W CTIEQOMHBEREER A LI (R 6-8). ZNHDI L0, FLiKHEDE
WA 1E E Ron—LP DY~ —~y FBEREPRE S, ZOREIZET 2 FEO%TT~
DBEP N~ —~y FAE—FNEMEZREST LI LICE R EEBEZILND. 23,
FAELEk & Ron—LP OPTEIRFH & OMBERRIZOWTIHGETT 2 &, 2T /mE CTHERHE

BBIfRIZZ DN o7 (32 6-6) . F7z, HREMIFZRIS 5/ 0 ~—T\Lf & Ron—LP
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DN =R & OBIRIEIZ DWW TRETT 5 &, AREHFO NV ~v—~y R
MADNINEHE 1T E, Ron—LP I[ZBITFH N ~—HAELEPRREN-T2 (K 6-4)
e, HREHOZ A I 7 2B L, Ron RO Ny~ —a~y FALEDN L0 FAE 5w
MWTREEN DN~ —~y RZEMMESEDL Z RN ~w—~y FAE— FHINCEE L

TWHAREMNEZ bILD.

6.4.2 FLERKIED @B O 2 — CEER OKYEE _RIZI T D AR D FIERENE O R

AREDOFERNG, FLEKEOR VB 1X, KV EiZiT 5 Ron—LP IZB1F 5 H KD
FHREB X OEHEA E— RRRENZ ERH LN ERoT.

AETR BICBT B RO RIEREE 2 R 98 ORI A E R L OEOREEAEICERT5 &,
NI & FRRIS, RREOKEDEWBEE 1L Ron IZB W /S iz R L7 (&
6-2). T72bb, FiEKEDOREWFEE (X 6-2b) 1%, Ron Kl & & Fif 23 548 7 1)~ &
DWW EBAT, N~ —ry BIHEEZ 45O TW B E B3 E ootz Ko (X 6-
2). WIZ, Z—rEET OF RO RERENMEFRLP 27~ 3 8 & MO RIS A AL &I DV THEE
BfRAB M L7, ZORER, DSP TV THRIELE & /8 ORI A4 28 k& & D2 DSP1
} LU DSP2 D HATE R IEDOMBEBRA A B LTz (% 6-3). — 77, BEDREEAERLE L O
A B MBERRII A Lo Te. I BT, HiEEisk & DSP & 725 Ron—LP O
JB DR EE L EIZOWTHREFTT 2 &, £ TORE CIEOMBEBRN A L (£ 6-3) .
728, Ron—LP D/~ —F 0k L OMED [Alfisf AL EIZ OV T, Ronl—LPL B &
U* Ron2—LP2 TIEDOMBBER AT (K 6-3) . AT, Ron R N ~—Jhifh &
Ron—LP (23T 58 L OMEDRER A B2 LR & OBERIEIZOWT, 2ToH— il
THERADOHBBBENRA LN (£6-4). 202 LIk, RonBFZ/ N~ —728 K 0 FA 51
ANENWTNDETIZE, Ron—LP O ~—FHifl, HiI X OMEOREEAEE(LEN R E
Ko TWeZ EZRLTND., 6D NG, EKEORWFEEEIZE, Kl
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Throwing direction Throwing direction

|

157; VQ

(a) Low record thrower (record 51.03m) (b ) High record thrower (record 77.55m)

Figure 6-2 Typical motion at Ron2.

100



M~ A~~—, J8, B (fRE) % Ron REICNT 5 2 &, Wb D&% &V, Ron—LP
FOHRDEHEREZHEHFL TN 2L BEZOND.

, HIEOEEZA Y — KE2RFT /8T A—4 & L TDSPHBEL W Ron—LP IZEBIFHHE
K ONEDRIEE AR E ONLEA R Lz (K 6-5) . ZORR, LEKEOEWBEFITE
DSP 5 XU Ron—LP [ZHBF D HKDEHEA B — RPRKE D722 EBRH LN o7 (R
6-5). F 7z, IAMFLEK & DSP I & U'Ron—LP Jaj i O FT IR A& H % &, JKHIEA> (2016¢)
O LRI, DSPIZETORE CROMBBRR AL (£ 6-6) . 26D &M
5, FLERAKED BB T L, DSP T TH KD RIHAER) 2 HRFHIT1T 5 2 & THIK
DEHEA B — FEEH L TV Z ERPF LN o7z. —F, B#EEEHk S Ron—LP D%
R[] & DI, AEZMAEBRIIA NN -Tc (K 6-6) Z &0 D, FLEKEDEGH
B 1% Ron—LP 1281 2 HIRD[EHEA ¥— R38R & WA, Zo#EM & LT DSP A (Ron

—LP) IZBT2H K BRIV OREEZRE LTWeI LRRBTLND.

6.4.3 FLERKIED EWEHE DN~ —sy FIEIZE T % Bk - (REp 08 & DR

REDOFERI G, FLEKIED R OB L, Ron—LP (Z3651) 5 /8 B REE N KX H o
722 &, VU —JEH (DSP4) T ~—~y RAE— ROBEGD - DITRR RO MK
— #IfE A 2 L (Stretch-Shortening Cycle, LA~ SSC) # X W FIH L, ~r~—~y REHE
SHETWEZ LBHLMNERoT.

25 5 FIZH\WTIL, HP—LP (21T 2 J BAFHR BN EDS o RS THIBEEISICHBR L
W Z EEWHE L. 202 &G, RETITERMGESK & 42 — 28T 58 B R A
2t ds K OVE B R th A 8 B D e/ IMIE & DBIFRIEIZ DWW TR L7z, £ oRER, fiék
IKIED E B E L TR BT R i A I B MBS N S WEZ R Le, AU, Ridok v
DEWVEEEIZE, FEHSHEEENSKRE N2 2R LTS, —JF, Tum2, Tumn3,

Turnd (236507 % JE BIE R A R L & ORICITMHBBR S R SR o T, Tbb, ~
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Vo~ FIGERHC 31T 2 8 BIE R B ERFEIZEN 2 b ivkno oy, KD &
WBH L DBEREN KRE Nolc bR D, ZNHDZ b, Nrv—~y RAE—

RZMERT 72012, FeEoKMED mWBEELF 1L Ron—LP (28T, HRFH]IZJE B & R )
EZATH 2L DOTEDRNIB oI LEZZHND.

NSy RHEEERE OO 72012, Ripoia R L L AR O K (7278 Bk
FhE) BI{EITEERBETHD & SNTWD FEIED, 2010). (REddisf gy, %%
— 2RI D SSP TR W THRERENEDMT DL, A R EHIHLA (Ron) Th/IME (e RE8#EAL)
%7 L, Ron—LP TIR#SOR Y K LEMEXM T T\ e (K 6-1). HN - B (2009) 13,
Z —EER O —FORFOREEOIR Y A CRUFZE TITARERIRER A I S) ([2OWTA
L FERROMAE 4T > TR Y, SSP 225 DSP OBATICNIT T, ROfHEEL SSP T E &
A, DSP TSSC #5lE L, XV RERNEZHNRITHEHL T EHELTWD. K
ETIE, FRERKHEDOE VB IZ LY, Ronl, Ron2 WEZISIT 2 Rpiadinf B3/ S U viE, &
BB X VIR TH o7 (K 6-9). £72, Ron—LP 1TK@HDRY 2R+ Z &2k > T
Vv —E STV RETHEH D (K6-1). 2D &b, EEEHE Ron—LP 2k
J DRSO R LA LOESRIR D R LA REFEE & OMBARKRICOWTHE
L7z (3R6-10) . Kipoin KL AEZEEITETOREICBWT, KipDah & LAR
FESEIEIE % — B fEF @ Ron—LP (Ronl—LP1, Ron2—LP2, Ron3—LP3) & ORIZITA
BAMBIBRR A SN o To. —JF, Nv~—ay RAE— RBELEMT20 U —R)F
T D YE( R T D SSP4 D HPA I LYY U — A /i BAARIF AL T D Rond IZ8W\N T, #48
FLERIS m W E & L (RGN Th o7 (K 6-9). ZDZ L, FiFoKHED E T
BEITLE, SSPA DRWH A I TTRBOIRY ZEVEL, VY —AREICBT O N~
—o~y FIEIZE T COMEHN TE TN L E2RTHOEEXLND. 5T, RIEEEek
& Rond—LP (28T HIKEDIR YD B LA ML EAME & OMIZIE, EOHBBRAAR ST

(#6-10). ZNHDOZ D, EEKEOEWEREIL, VY —2/&H (DSP4) T/~

102



—~~y RAE— ROBEOTZDITERBFHEED SSC 2 LW FIHL, Nr~v—~y REIES
FETCWEBEZLND.

JE BEEIK N AMRA E Gof 8 O EE) ICOWTCHERT D L, K4 —2 D DSP %Y (LP
—Roff) T, K& HBEFHKEIMEENEZIT> Tz (6-1). R, VU —AFHEIZIHN
T, #—rBifEd & 82 0 FMEKEAMEEIER R E <, RRFICESBOR Y R LEIERE
STz (M6-1). ZhoDZ &nb, BfFiak L 45 ¥ —2? LP—Roff IZR1F 5/FM
Hi KSR DAY IS K OVE BIEI K SN A S & DBIRIEIC DWW TR L7 (&
6-11). FHFLER & 454 — 2 D LP—Roff (Tun4 O LP—Rel) (2331} % 5 B K Fo s fa
DR L ORI, Turnl ZBRWTHERMEBRRIIA N o7, £z, IRk
%4 — > @O LP—Roff (Turn4 ®Z LP—Rel) (23317 5 J§ BAFI K EAME A 3 )Ml & o BfR
b, BETOREICEWNTHERMEERBEBA AL NRNoT2. 2O EnE, Nr~v—~y R
AV — R LR BISiAKCEIMEBI ERFE I L OB EEREE IS DWW CiE, FEivkEIC &
LENE DFENIHRDLNIRPp T WA D, LS E LP—Roff OJF BEiI K EAMRENE L
FUCHRBBAR D 72 o T B & LT, REfKEDmWEHEE1Z L, LP—Roff (2B
T, Hik U8) oEEEEZFIH Ly ~—~y FIHREEZIT > T2 Z LR T b
. KW RIZB T Doy FAIEENE (B - Ra) 1%, FI2HiK 0F) olElzs
BEDACEARLENEDE E (T K> Ty FAZRERETAA~ENT 2 ENBEERD. KEIZ
BWTIE, HIEGLEk & &% — 2 1281F 5 LP—Roff OJF B ACE M is A o B -2 & o iz
A BRI SR -T2, SREKEOEWEREIZE, DSP HIZRITHFE D
(AR R E oz (R E6-B5BLVEK6-11). ZNHDZ Enbh, K EDE
W34S 2 — 2 D LP—Roff I\ T, HBEIHEIAKEAMEEIEL D &, HRD R F]H

Lienr=—~y FIEEEEZTT > TW o L HER SN D.

6.4.4 FLERKIEDFWEEE O Z — EIER OBIFVABZBNMEIZ DUV T

103



HIRDOEFVALINEIL, Nr~v—~y FIEHB LY — O RE 2 LT 57
ICHOEERBEL 2D, T2 TAETIE DSP IZE1) D KR 8 4 3 L UMK 2 4518
AP OWTHRET 21T o 72, (KRR A LI DWW T, £ 4 — 2 D DSP TIXR# B3 H%E L,
2 —EENETIZONTEY, ERBEANKE S RoTz (K6-1). £/, KA
MZ BT 2 BABFRsR & RSB ATREA L & OBURMEIC W TRETT 2 &, IRedaifa A X
LP1 5 X OVHP3 DA Fe K ED @ W E A 1T EHE L Tz (£ 6-9). KIZ, DSP HIZE
DR BB EOBERPHICAE B L, $REECE S DSP O R ih i A8k & & o BIfRIE
IZOWTHGETT 2 &, 2 ToORE CHERRILIALNRD o7 (F6-13). £, HEPLH
LS — BT D DSP DIRERFTRME A B )E & DBEFRIEIZ DWW THRET % &, DSP2
BELODSPIIZHB W CIEOMBIBRA A B LT (£ 6-13). ZhbDZ &b, DSP DR
BHIMERIICITEIT A BN T2 b DO, TEKEDEWEREIFE, DSP 2B\ T
RELSBHFAMEHREZEH L TV Z EDRHLMNITR o7z, S HIT, FIEE & %4 — 2 Ok
A A L e K38 KO Ron—LP DN &E & OBIRIMEIC DWW THRFTT 2 &, FlekkHED
W E E R R A R R KIE K E <, Ron—LP OHINENKE N7z (K 6-13).
bbb, FLEOKEDOEWBEE 1E L DSP DR AIEE A K E <, FFIZ Ron—LP |23
JARBEREAEELZREI L TCNZEVWE D, ZOZ EIEDSP LBy ~v—~y K
A — RHERIZH LTy RVEETHEOICAELTEbDEEZOND. £, LK
DEWVEHEIZE, Ron—LP Offjjg B LA B — RO KEFR X OEMEN K E otz
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Centrifugal force

__________________ . -t ____
Twire—bodyCcG ——— B ' ) ]
{8 Line of action

moment

Figure 6-3 Moment of centrifugal force around CG of body.
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Figure 7-1 Angle of right leg joints during turn phase.
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Table 7-2 Correlation coefficient between record and angular displacement of right leg

joint during DSP.

rrelation coefficient
Average value (deg) Correlation coefficie

Vs record
DSP1  15.64+17.10 -0.180
- . S - DSP2  18.10%x12.67 -0.183
Displacement of right hip joint extension DSP3 18101472 0.32] *
DSP4 60.44+15.08 -0.232
DSP1  38.08+19.06 0.261
. . Lo . DSP2  33.93%15.93 0.312 =«
Displacement of right hip joint adduction DSP3  24.27-+11.28 0.010
DSP4  25.34%+11.40 0.143
DSP1 -42.26+12.62 -0.034
. . . . DSP2 -25.61+14.89 -0.320 =
Displacement of right knee joint flexion DSP3  -17.05+13.70 -0.248
DSP4  28.70%13.11 -0.121
DSP1  36.24+ 9.87 -0.011
Displacement of Right ankle joint plantar DSP2  35.65+ 9.82 -0.505 =
flexion DSP3  35.59+11.61 -0.410 *
DSP4  19.65%+15.90 -0.298 *

*:a significance level is set at a risk rate of 5% or less.
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Table 7-3 Correlation coefficient
between hip rotation angular
velocity during DSP and
angular displacement of right

knee joint flexion during DSP.

Correlation coefficient

DSP1 -0.355 =
DSP2 -0.533 =
DSP3 -0.544 =
DSP4 -0.248

*:a significance level is set at a
risk rate of 5% or less.
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Table 7-4 Correlation coefficient
between increase of hip rotation
velocity and angular
displacement of right hip

adduction during DSP.

Correlation coefficient

DSP1 0.421 =
DSP2 0.298 *
DSP3 0.287
DSP4 0.011

*:a significance level is set at a
risk rate of 5% or less.
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Figure 7-2 Angle of left leg joints during turn phase.
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BEMTOh TV (K 7-1d). AT, #Hif5idk & DSP2, DSP3, DSP4 (23S %4 LB
JE A FE 2R B & ORI A OMBABIRA A b (R 7-2). 20T &iE, BRI & E
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Table 7-6 Correlation coefficient between record and angular displacement of left leg

joint during DSP.

Average value (deg) Correlation coefficient

Vs record
DSP1  19.04+10.46 0.371 *
: oo : DSP2  12.65=* 8.49 0.265
Displacement of left hip joint flexion DSP3 844+ 635 0210
DSP4 3.17+ 3.95 0.064
DSP1  18.11+ 8.94 -0.151
: fo DSP2  16.98=* 7.15 0.218
Dlspla_cementof left hip joint DSP3  17.05+ 873 0116
extension DSP4  42.14+11.36 -0.108
DSP1  45.86+12.56 -0.526
: . : DSP2  50.37%+10.22 -0.086
Displacement of left knee joint extension DSP3 5220+ 11.50 -0.043
DSP4  73.29+14.64 -0.182

*:a significance level is set at a risk rate of 5% or less.
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Table 7-7 Correlation coefficient between increase of hip rotation velocity and angular

displacement of left hip joint abduction during DSP.

Correlation coefficient
Average value(deg) Vs increase of hip rotation
angular velocity

DSP1  40.40+22.89 0.463 =
Displacement of left hip joint ngg i;ggf ﬂg? 8%28 .
abduction DSP4  13.11+10.15 0.156

*:a significance level is set at a risk rate of 5% or less.
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Table 7-8 Correlation coefficient

between throwing record and time

during SSP.

. Correlation
Time (S)  Coefficient

SSP1 0.33*£0.04 -0.562*
SSP2  0.28%0.04 -0.595*
SSP3  0.25%0.03 -0.570*
SSP4  0.26%+0.04 -0.510*

*:a significance level is set at a
risk rate of 5% or less.
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Table 7-9 Correlation coefficient between throwing record and hip

rotation angular velocity during SSP.

Angular velocity  Correlation coefficient

(degls) vs throwing record
_ _ SSP1 644.7% 8155 0.404 %
Hip rotation SSP2  782.99+107.11 0.475%
angular velocity SSP3  874.24+117.18 0.676=*
SSP4  893.67& 97.79 0.651=

*:a significance level is set at a risk rate of 5% or less.
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Figure 8-1 Hammer head speed (Solid line: Excellent group, dot line: Normal group).
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value of leading distance of handle during each turn.

Table 8-1 Integration of positive leading distance of handle and max

Excellent Normal

Turnl  0.033%=0.007 0.035=%0.010

Turn2  0.019%0.005 0.022=+0.007

Turn3  0.014%0.006 0.015=+0.005

Integration of positive leading T4 ~ 0.023%0.007  0.0220.005
distance of handle (m-s) DSP1  0.029%0.007 0.031=%0.008
DSP2 0.018%+0.005 0.021=+0.005

DSP3 0.013%+0.005 0.014=%0.005

DSP4 0.021+0.006 0.020=%0.004

Turnl  0.132%+0.033 0.140=%0.035

Max value of leading distance Turn2 0.108+0.029 0.116=+0.032
of handle (m) Turn3  0.098+0.035 0.092+0.028
Turnd  0.129+0.044 0.126=%+0.031

*:a significance level is set at a risk rate of 5% or less.
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— Excellent
15 === Normal

*  t-test (p <0.05) I’

Angle (deg)

O \ "I 1 1 I“ 1 1 1 I‘ 1 1 1 1 1 1 1
) 25 50 75 100\1{,_{5 150 175 ZOV 250 275 30\7€ 350 375 4p0
\
5 V
-

Normalized time (%)

Figure 8-3 Angle between hammer head velocity and handle velocity on the
XicerYier plane.
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Table 8-2 Hammer head moving distance.

Excellent Normal

Roff1—Rel 43.94+1.08 42.18%+1.20 *

DSP1 6.22+£0.55 6.02+0.45
DSP2 5.72%+0.44 553%0.42
DSP3 5.24x£045 5.12%+0.51
DSP4 6.55+0.88 6.17+0.51

HP1—LP1 5.62£0.17 5.44%0.23 =
HP2— LP2 530+0.13 5.14%+0.20 *
HP3— LP3 521%+0.13 5.00%£0.14 *
HP4— LP4 513+0.14 4.96%0.20 *
LP1—Roff2 2.58+0.47 293+0.40 =
LP2 —Roff3  2.22+0.59 2.35%+0.39
LP3 —Roff4 191+0.66 2.00%0.37
LP4 —Rel (m) 3.40%0.42 3.28%+0.22
T Unit: [m] Mean£SD

*:a significance level is set at a risk rate of
5% or less.
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Table 8-3 Handle moving distance during HP—LP.

Excellent Normal
HP1—LP1 1.91+0.12 1.65%*0.22 =*

HP2— LP2 1.61+0.07 1.42%+0.18 =
HP3—LP3 152+0.07 1.31%+0.16 =

HP4— LP4 152+0.10 1.29+0.16 =
+ Unit: [m] MeanxSD
*:a significance level is set at a risk rate of
5% or less.
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Increment of hammer head speed (m/s)

O Excellent
B Normal
* p<0.05

Turnl Turn2 Turn3 Turnd
1 a significance level is set at a risk rate of 5% or less.

Figure 8-4 Increment of hammer head speed during each turn phase.
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5e).

IR JE A IR |2 35 T, Excellent 1% Normal & bhiz LC, LP1—HP2, LP2—
HP3, Ron3—Roff4 |23\ TR 22 fE %/~ L7z (X 8-5f) . RerEl/E » DM 1%, Excellent
BE(T Normal #f & bfz L C, LP1—Ron2, LP2—Ron3, LP3—Ron4 2B\ TRKE 2 fEZRL

7= (12 8-59) .

8.3.4 HEMLITINIS K ONERRIT AN d5 1T 2 il BE i o A e

8-6 |2, & —ENET DM IT IS K ONERR ST AT 36T 2 Wi B & o md i 2 s L7z
FEfR 7 1m0 i i BA & R SO EE VL, Excellent #£13 Normal #f & Fiie L C, & — o Jmifi O fE?)
/IN& <, Roff2—Ron2, LP2—HP3, Ron3—HP4 (ZH W\ CHREI/N S 7efE % 7 L7z (X 8-6a).
—J7, MG ENCE BT 2 &, 2 BEIC 1T 2GR BAER B b R 3 D 7eho 72 (K

8-6b).

8.35 HRDOBEIZLDIEMIT MDY RIVHE

X 8-712, #—rEMEROFEOE XX HERIT MO FVHEZR L. J8EHiH

R ENEIC K> TA Uy ROVEEEEIZ DUV T, Excellent #1 Normal #f & ki L C,
Ronl—LP1 3 XU Ron2—LP2 DfEN K& o7z (X 8-7a) . (RERHIZMEEIEIC L > TA LT
N RVEEEIZ DT, Excellent #1% Normal £ & b L C, Roff3—Ron3 35 X U HP4—Rel
HEICBNTREREZ R LS (X8-7e). (RERAAHENEIC L > TA Ciony RAVEEES
DU, Excellent 1% Normal # &tz L C, LP3—HP4 I[CBWCT/hSRfEAZ R L7z (X 8-
76) . (RO EHE V12 & o> THE U7y RAVEEEIZOWT, Excellent (3 Normal B & b

LT, SSP1 B LUSSP2 IZBWTKRE iz R LI mEAA il (X 8-7g).
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8.3.6 HIKDENEIZLDERST DN FVHE

8-81C, ¥ —VEIMETDHIKDE X I X DEHR S MO FAVHEZ R Lz, 8B
JRIEHENEIC L > THE U= > FAEEIZOWT, Excellent #13 Normal & ik L C,
Ronl—LP1, LP1—Roff2, LP2—Roff3, LP3—Roff4 35X T LP4—Rel DIENR K E o7z (¥
8-8a). EEDIRMIRENEIZ L > TH U7m/ o RAVEEEIZOWT, Excellent #13 Normal £ & Lt
LT, DSP1 B LV DSP2 I W T REVWMEA R L7 (1X8-8d). REATZMHEIEIC L - T
AU TNy RVEEIZ DWW T, Excellent #13 Normal #f & bhi L C, Roff3—LP3, HP4—Rel
IZBWThSWEZR L. (K8-8e). (R fAHENIEIC K-> TE T Y FAEEIZ O
C, Excellent B£1% Normal £ & bz LT, DSP1 3 XU DSP2 IZB W T/hE 72z R L7z (¥
8-8f). RERDRHhE V12X > TE U/ RAVEEIZ DUV T, Excellent £ Normal £f & b

LT, £X—2DDSPEBILOSSPIZB W TREREE R L (IX8-8g).

146



(') uondaup jenuabue) pJemol UoIIOW 3yl LWOJY paulelqo A1I0[aA 3|puey pajejndfe) § -8 aansry

(%)awn pazifewioN

[ | | |
0Qv GLE 0S€ GZ€ 00€ S.Z 0SC GZ¢ 00C SLT OST S¢T 00T S.L 0S S
0
UOI1BI0J 3SIMXI0]J / 3SIMY20[2433unoD Yun.] (6)
S
0T
> mar o emmm an comem e - -
1
(%)awn pazifewsoN (%)auwn pazifewioN
— 1 T | I | | | | | ] ot
00 GLE 0SE i 0€ G/¢ 0S¢ G¢¢.\00C SLT 0ST S2T 00T S 0S S¢ o 00€ Gl¢ 00Z ST OST S2T 00T SL 0S S¢ -
F F 0 E >\|’ 0 S
—— A TN TN
0y SLE 0SE 0€ S.LC om% G.T 09 6L 0S mN
0
S
4 0T 0T
ues| Ya| /ybu quniy (1) ues| Juoly / aeq yunil () 1SIM] Xoeq / Juody uniy (p) 1 ot
e o6 ® ® ® oan oo - c— — - e e e == - * e e = wme = 4.
1 ST
I || | L] E [ ] | 1 s | || || | 5
ogv S.€ O\wo/mwm\mwm Sl2 }mmw\mw mZE mwﬁkﬁm SL \ﬂ\h.m\\'mm? 0 0Qv SLE 0GE GZ€ 00€ S.Z 0S¢ SZ¢ 00Z SLT OST G2T 00T SL 0S G2 0 0y SLE 0SE GZ€ 00€ S.Z 0SZ S¢¢ 002 SLT om.: get oo.ﬁ G. 0§ S¢ 0
)\ \ ,//u\ ARV A2 o < ~
lg S 168
(500>d) 1501 o
[EWUION = = =
uorelol 1ybu / 48| {ot ot WBII%9%T {or
[eyuozijoy juiofl sapinoys (2) uoweloa 361 / el utof spinoys () UOIX3}4 / UOISURIXa Jutof Japinoys (e)
.- - -- - - - —— = e - - o
ST ST 1
d1 dH €d1 €dH ¢dl ZdH TdT  TdH d1 dH ed1 €dH ¢dl ZdH TdT  TdH vd1 dH €d1 €dH adl ¢dH Td1  TdH
18y pUOY  pHOY EUOY  €HOY cUOH  ZHOY TUOY THOY I8  KUOY MO  EUOY  EMOM gUOY  gHOY TUOY THOM |9  KUOH pHOY EUOY  EMOY ZUOY oY TUoH  THOY

SR P T W W A W T W T P

(sfw) AnaojaA

(s/w) ANo0[BA

(sfw) Andojop

147



8.4 B
8.4.1 R DFEAKIED N~ —HBF O FASAT IR

AKEOHKD 1 D, BARDERKEDOHERERICEB T D ~—~y FAE— NI
(ZHET D FVEATIRREE A FLOBE DEVIZOVW TR 22 L ThoTe, ¥
—VEMER DN~ —~y RAE— RIZOWT, Excellent #£1% Normal % & bl U CTHIZK
UM AR Lz (X 8-1) . SAIE D (2006) 1%, FeEkKUED Fie BN~ — R T4 151,
BALdk L 2 — o ZEICB T o v — sy FAE— FRKE, foME, $ngd X OR
B L DORRMEIZOWTIHRES L, RREKEDOE WA 38 F — D~ —~y FRKIE
BIORMENKRE oo Z L@t LTS, AEICEW TS, JATHIE L FERIC, R
KED BT TR OBEE L iR LT, ¥ —r@fEficnr~—~y RAE— KRR
VR TH =V BIEZITo TWD ZENMERT DI LN TE ., LIz »> T, KETRIE
L7z 2 BEMNCIE, ISRk EDE VR H L b DL L Tima D 5.

FEFHIEDY (2010) 1, NV —ay RAE— FEINEZ K& < T2, ~v RvE
FATSH DT TR, Ny RrEanr~—a~y KL BREEEH.O R S5 X0 R
CHRFHIIC O RSEATSED ZEREETH D LR TN D, £ 2T, AFETIIRHEAKE
DET DA 2RI (1) 2 FVEATHBEERDERS L O (2) /~2 R0 SefTiR
KIEZEFH Lz, ZOREHE, Excellent #£1% Normal B & flis LT, Tumn HIZEIT 52 Bov
FATHRER KM IZZEN A Do T (£ 8-1). Fio, ¥ —VEERO N R STTIEEE
DEALDOWT H[AERIZ, Excellent Bl Normal #f & kb LT, LP1—HP2 35 X U8 LP4—Rel |2
BT Excellent BERNKEVMEZ R LI b OO, $EHNRAEZEND LIV FE AV IR
7z (K8-2b). T72bH, N FASEATHEEOEFITET 2R E ST L TRRLEKIEIC &
DENBLNIRMMoTZE VR LD . —TJ7, /2 RVIATHBEER /2 EIC SV T, Excellent £
I3 Normal # & bl LT, Turn 1B T BN RAVSEITIRBEIERE SIS0 4 S e o 7
A, DSP2 IZH W TN SUWMEA R LT (£ 8-1). FReKHEDEWBEE L, ¥ —BifEh
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? DSP B AN Z L3l STV D (AHIE)Y, 2016c). ABFFEIZHW TS,

Excellent (% Normal i & btz LC, DSP1, DSP2, DSP3 ¥ & Uf DSP4 O HRffHI A3 x>
72 (&8-4). ZNHDOT LMD, FEKEDORWVBEA LT 5 TRV & i LT DSP
(2RI 2T M AE S, IR FEITSEDL ZERREETH > 7272012, v Rk
ITHEBEER D ES NS o7 bDEEZOND. ZNHDZ ED, @E FOX — B
AT H720I0E, BRI FASATHEEZ EG L, ~o~—y REIHESE 56

NPREN IR D LZEZBND.

8.42 B DFREKIED N~ —FIRF O/ FVEE

Excellent 13 Normal #£ & Heie L C, Z — CBEER OIER GO/~ RAVHEIZ AR D
nipinoie (M8-2d). —75, RO Ny FVEENRRE < (¥ 8-2c), HP—LP D/~
v —r~y REBEMNA R E o7 (3 8-2).

NV RIVIERREFE 2OV T, Excellent BE1E Normal B & bbl U C, 45 & — > O3 FE B INFE
IR EVMEZ R TR CHB AN LI, /2 RASEITIRBERREC, a2 a B En
B DIV JRE A T2 hr o 72 (K4 8-2d) . —J7, #edp M D~ RAVIEEEIZFE B % &, Excellent
A1 Normal #f & Heigt L T, Roffl—Rel TREVMEZ/R L TWz (X 8-2¢). ok, N~ —
~ v NI ERITIA O/~ RVIREE &R TT 0 D/~ o~ — [AHRRR Sy R EE DO FINC &> T
FTILNTED. ZNHDZEND, FEKEDEWEEHE L, £ 5 TRVWBHHEFE LIk L
T, #— U BAERE R DEERR TN DN RAVERER R EVIREBEZHEFF L TR Y, 2o Z &M
V) —ARORFAL— FEREST LI LICER -T2 LBERZBND.

Excellent £ & Normal D/~ FAVOEE DEWEZ T 572012, (AR FEAR R
XierYier il BIZBIT DN ~w—r~y RRHENT MUIZHT DN RVEENRT M LD
AEZEIMN LI, TORE, 52— OBV T Excellent #E23/ S 22fE %

Rz (K83). Z?dDZ &Iz o\, Excellent #1% Normal #£ & g L C, ~No~—~v K
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Table 8-4 Time during DSP.

Excellent Normal

DSP1 0.378%0.05 0.395%0.05 *
DSP2 0.292+0.03 0.305=%0.03 =
DSP3 0.243%0.03 0.254%0.03 *
DSP4 0.27240.04 0.281%0.03 *

F Unit: [s] Mean£SD
*:a significance level is set at a risk rate of
5% or less.
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A — NHIRE (FEIZ DSP) IZRBWTEERITR O/ FVEEE (X 8-2¢) K& <, IE#R
FHwoy RVEE (K8-2d) 138N Snofe. Thbh, BRI mO N RV
TOERGT DN FVREDORIGIT/NE 220720, [RIRE AR R X o YVier Vil EITES
FoNv—ry REERY ST D2 RAVHRERY MO AEITNS 2o
TWwiesEzobhs (48-9).

& 512, Excellent FEix Normal B & bl U C, [RIRFEHEERE R D/~ —ay REB LU
¥ RIVOMKHEE N R E D o722 & (X 8-2¢), 35 L ONEHR - EAE R X o Yier ol FIZI1T
HoNvw—osy REEERY MUIZxtd oy ROVIHEER Y ML D7 T A EIT/NS o722
L (B3 BLUMBY) #&FETHE, Nv—y RAE— REIMRFIZE T o~ —
~y ROWUENRR D WREMENREZ DD, 8 4 ETIE, Nrr~—y FIEFIEIZOW
T, N RVEATIEBEOIERG 2 — b, A~y RAVEITERBEZ R S5 2 LT~ —
~y FAE— RZ8NSE 5 /m (HP—LP) &, HERITMO/ N> FVEEE 28NS 8T
vv—asy RAE— REMEMEE 5/ (LP—Roff) Rbo/zZ ta2®ELZ. 2oz &
5, %4 —2® HP—LP $ XU LP—Roff @ Excellent £ & Normal BED />~ —~ REH)
FHREC DWW TR 21T o 72 (R 8-2). ZORER, Excellent #£1% Normal Ff & Fhigi L T, 44
— YD HP—LP RO/~ —ry FBEIREENA RS 2 odz. £/, X 8-10 12 HP2 & 5 &
L7z Roff3 £ T® Excellent ££ & Normal BED /N>~ —r~y REUBE (FIEEER XY P k)
DY Z R LTz, Excellent #£13 Normal B & i LT, HP2—LP2 £ TONY~—~y R
BEEEA R E WS ERBIE SN, IBEEICBWT, Nrv—ay RAE— RN L
T, DSP 2R Ny~ —~y FOBEIEHARES K THZLPEETHL Z ENEMS
NTWD (FIR, 1994). 75, FEKEDRMWEEA T L, DSP O ~—Ji\ I B Z{LE,
FThbb Ay~ —~y FOBEREREN /NS <o Tz v 5 #e (Gutierrez-Davila and
Rojas-Ruiz, 2005) 73454125 & 512 DSP ZEHERIIC RS T2 Z &2 MET 2L 26

4. AKFSEH Excellent #£ & Normal BED 4 2 — 21T 5 DSP DN~ —o~ v R FREHE
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Radial direction (Y;,)
of handle velocity — li+1 Civ1

L

X/ Tangential

direction (Xicr)
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Figure 8-9 Difference of handle velocity direction between Excellent group (black line)

and Normal group (gray line) on the X;., Y;.r plane.
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Ron2

HP2

@ & Excellent
O<© Normal

Figure 8-10 Hammer head trajectory on reference coordinate system during HP2—

Roff3. (Excellent group (black line) and Normal group (dotted line)).
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ERETT 5L, AEEEIALDNR) ST (R 8-2). REIZIHUT, Excellent #£75 Normal #f
EHB L THP—LP T/ ~—y NBEIREER R E o 2B lD 158 LT, HP—LP
B oy FABERRENKRE o7 2 L BRBRIT 6D (£8-3). £z, ek E
&L HP—LP Ty v—~y RAE— RRREVIRAET, £ 95 CTRWVWEES & IZEFAE
DN RVIEATIRREZ 1815 LTz (K8-1 38 LUK 8-2 (b)) . 1Z2BITRSIIEF = mV2r
(F, SRy :m, EE:V, HE (RE—F) i1, iFEE) TRENDLEND, Nov
=~y FAE—=RRRELRDIFLE, ROUNFIREL 2D, Tb5, SLEKED WL
FIIZE D THRWVEEHEF LB LT, X0 RKREWVRO) 25 L ChRREEEHLD A o~
~—zEG L, FEREO N FAVETHERZER TS Tl BNy ~—y FBH)
HHfA RESTERL 2 DHOBHBE L TEZOND. [ ZXEMEO N RVSEITIREE A 15
LTWeb LT, RUDBKREL DI LT, N"rr~v—ry RITb 28HEH MO IEKR
<725 (X 8-11). 2D &)k, Excellent £ Normal #f & befe L C DSP Tix7z <,
HP—LP Oy~ —~y RBEIFEEENRE S Ro7cbEX NS, LIz > T, RO
Bnn, X —VBMERE R GEERITIMO N RVEHER R EZVIREZH R T2 2L,
HP—LP IZBW T /v —~y RAE— RRREVIREET, N FVEITHEAZ B TE 5
RN, Now—y REFAE - RFE2RELTHEDICEETHD Z LUK

X7,

8.4.3 RIpDFEAKEED N~ —RPEEE DIERITIAI DN RV Z RS 2 H RO H)
X DEW

REDE 2 OHME, 8K HED R D\~ —FFiHH O/~ RVIATIRRE A #155
DD DHEOTE DFEWNZOWTHRFT D Z & Tholo. ZDfER, Excellent #1% Normal
HE L i LT, HP—LP O JE BIHE R B EEE R & OB R EE EERE 2 K& <252 LT
ANV RVIATHRBEZ S L Q2 8V 9N R A L L.

154



Instantaneous center of rotation (ICR)

O

Yier A

Leading distance

Radial force ? ------------

=P Excellent
Normal
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Figure 8-11 Hammer head force during hammer head acceleration phase (Excellent

group (black line) and Normal group (gray line)).
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Table 9-1 Correlation coefficient between Azimuth
angle of hammer at Ron, angular displacement of

azimuth angle of hammer, shoulder and hip rotation

during DSP.
Correlation coefficient
vs Azimuth angle of
hammer at Ron
Azimuth angle of hammer -0.565*
DSP1 Shoulder rotation -0.627
Hip rotation -0.365*
Azimuth angle of hammer -0.572%
DSP2 Shoulder rotation -0.619*
Hip rotation -0.367*
Azimuth angle of hammer -0.615*
DSP3 Shoulder rotation -0.692*
Hip rotation -0.505*
Azimuth angle of hammer -0.912*
DSP4  Shoulder rotation -0.795=
Hip rotation -0.692*

*:a significance level is set at a risk rate of 5% or less.
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