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FREIUGICB N T TeEROBH) ) ICBLT, ES{kE
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K% T ) BAYI—y RZAE—REMIEET %
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A E— REINCHEET B\ RV O¥S & &k
HELOOEE DR ZIHSMNCT AT e ZHNET 5.

COMEZEIASMNCT ST &T, N —\y RhnERE
ICBUT B SRR LB E DR EH K ORI RA > - 21
HMICT BT ENTE, N —REEHEORTREIC
B —HMAZREMTZENTEELEIENS.

I A

1. HRES LT —2N&E

WRE X, N —REGHMET 35 FHRE44%
(Badek - 80.50—44.17m 4 [\lfsfiE) TH-oTz.
IRREICE, HREFHERZERECAY Y EY Y
BhsE 7z EOMR—FmiEeE, AARTHERS A
HO AR TR R BN 75 E O HA—FusiiE
HAZE-RBEENTEN TV, RBHER,
20074 5201 AR DI, WiHE L IRBR DS
T TOEBAEKICHWT, 2N TEHRERONY—%2
AWz 3~ 6 1ot Th 5. &, Bhs
ICBWTIE, BiEFMEN DA 2137 | Chug 21T
o7, AR THOWIVTIREGO -G () HARE L
BHECERR P RERIC K> TR ENIEDEFTENT
W5, Fio, ERGEICE L TIEREICTEEm, =
BB C D 9 Bkt s 2 F B X OO T o9
WAL, RIS TH0iE LiRIT9 5 T LRk
MBI\ ORIEZ1Gz. BRSO RTICIE, N1 AE
— R4 XS (HSV-500C3, R AE— FEf250a~,
IR 1/2000%), NAC##, Exlim EX-F1, A
— FE299.7a~, #HIEE1/2000, CASIOHED) %
2~3EHWE. &, WREICBIZREILEORD
b iR e Lz,

VTRE{§ZFrame DIASIV (DKH{#) ZHW\T 12
IBEICFHTI2A AL, BERSHR23RBLTN
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Y e, ZamziEameE Ui, £z, ik
SO RN TIT > TH D, BRI ED 3 RITHEER
il 55 H IS 381 2 R HE B 72 0D f /M & i R i L Xl
0.005m—0.009m, Yl :0.007m—0.009m, Z :
0.007m—0.011mTHo%. ZTLT, i EEREK
73 T & 0D s T JE B (4.6 —7.8Hz) = REL
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HmgEzEL Uk,

EHIC, [AHREEESRIC IR PEEERIC I 2 B ARE L
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3.2 BULEFEROSHREERE

AT PERER D SR B DR E 2 7R U Tz, b A
RXITNC T 2 FIRF.OHEEE, Ronfik TIEIEDIHE,
ZD%Roff L TICH DM Z/ R LT (K4a). il BER
Y A B % SRR LEHE X, HP—Roff CIEDEZ
U7 (K4b). ik PEESRZITIANC 3BT % SR LI
[£1&, Ron—Roff (DSP) TIEDfEZRLTz (X4c).
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XYZR 53 DAER
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(XI5¢).

3.4 IRIBREBMEFBUEEERERICEITZHFELRELD
BRI

LI X — VBT 2B & # 1L BEERIC T
2 S REL.OHEE D RKE, f/MER & TRon, Rofffs &
URellF D BHA T DHE & OBIRMEICDOWTR LT,
KT DOWT, F#5EEEkE Turnl, Turn23 & UTurn3
BT B Y 7D SR O E R K, ISR L
Turn23 K G Turn3iC BT % Z 1O B R E D E R A
i & DRNCIEOMBBERMAA SNz, Fiz, Bideke
%2 — > DRonEIC 1) % X 71D BAR T LT & D
I IEDOHBIRfR, #BECEE E Ronl, Ron235 K URon3ic
BUF2 Y DG RELHEE & DRI ELOFIBIRI R A
bz, AT, RoffRElcHBW T, XA DORIcE
OFHBIBIFR, Y Hm & X IEOHBREGER, ZAmEldao
BREDN A B N,

AR ER & BRI PR X T AIC B 2 DSP1, DSP235
K UDSP3D EAE LG INE & ORIC, fOHEIRE

T DODSPDE R ELIEFEIEhNE & DRI IEDHHBIBI R A

&1 BEECREFHIEEIZRITHITBDSPD
SAB R & DRIRIE
X Y 7
Turnl 0.260 0.486 *  0.290
- Turn2 0.118 0.426 % 0.546 *
=mAIE Turn3 0.271 0243 0.616%
Turn4 0.364% 0441 * 0229
Turnl 0.055 0.366 * -0.159
Turn2 0.112 0235  -0.265
= /Ml
B/ME Turn3 0.025 0.105  -0.323 =
Turnd  -0311% 0249  -0.234
Ronl 0.471% -0.570 * -0.027
Ron2 0.558 « -0.414 * -0.027
BRERE  {on 0.39% -0.391 * -0.049
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BREEE  pom 0478 % 0520 % -0.335%*
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mze DSP3 -0.322 =
DSP4 -0.389 %
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X6 DSPlcki stz (b) EE\ETE (F) DEBHELERENT MILOZELL

FHENTe. RFELER & F LR Z )71 B 2 DSP2
B L UDSP3D B (R E. Lk fE AN G & DRYIC, DM
RN A S NI

v =2
4.1 BHREDDHFEEL/N\VI—AY FRE— g
DEFREICDONT

AWFEDOHNE, FAELOEE LN —Ny KX
Y— FEme OB ZHETd 5 2 L TH o7z, [BlERpE
SRICE T B IERT MO S RE.OHEE (3% % — > DDSP
TIEDOEZERLE (K3). TOT eh5, DSPICEHT
B EARELOBEZ N~ —y R ZAE— REhmS &k
5T ENHSMEL ST

[EIHR R ASERIC F5 1) 2 1R TT 1Al D SR ER R E DS X —
Y ODSPTIEDfEA /R LTz T &Ik, BRREmEEEHLL T AN
BHENSRELEBISES 2 LT, NV RILEHET]
LTWieZZ/RTEDTHS. BEHIEFH, (2008) &
INY BIVEATERBED IEOMEZ RS L&, N —y F
AE—FHBEINT 52 EZALMC LTS, 5,
BEHEH (2019) &, Ny I—v RAE— R#EhNIC
Bk %N ROV TEREEO B,  Rlfn R RIC 351
BIERITIHONY VgL — LIz 2B ML
TW5. 974505, EHRITMONY RIVEENEOEZ

NG ZA XY TN FIVSEATIREEED 72 R 728,

INIR—A\y RAE—RIEENT 2 [/imEEs. Inb
DT END, BREEEEHOTTRANNY RV 2 %59 28]
TRIN—Ny RAE— FEINCEET 5\ RILA
o nzEE, Z—2VEfEhoNny—w KX
E— RZEINE 5. HHE S RO RELEE) 5 K Ol

HEHEBNC K > T, X—YEIFRICBIT 2N\ — Y F
AE—FZHEMEE2 (ZK, 1994). Sz SR
ELTHENELTHAEL, NY—EEKELD 2 /45H#
B UTHRIEZERBI LY, DSPICISIT 2 [l e
RO AT IRER G M OIEDMEE 2K L Tz
s, HARELOBE (BHADIHEES) ICX->T
INY B)VZFEG] ONS—%FG]) LTWekHixd T
EWTES. TNHDT D, BRELEBRIHEES
T E@NY FIVFATIREEORICED D, R E LT
U=y FAY— FnzEd LE256N5.

4.2 BEELOENE L/ FIVEITIERES & DOBR
%

4. 1BV THKRELOE X, N> RVETHERD
1S (BRREsEHUO 0N RIVEE OIS 1 8&H
T EMNRgENT. FHEEEEFEEER (=)L
) e TEDXIICHIK T LT ko THEEERIC
B BB RO GERTROIE) O SR L
JEERESFL TV IDIEAI M. TDT IO THRGTT
Zizdic, FrEEREEROXYZIT 7 NZ N0 S AE.OE
JE 7% MR FEEERICHRE U, P REERICE T 5 ED /T
DEHEHRELOBE I K > THEREEERIC I 2L W
DIEOGRTEEEZ LKL TWBDOM M Lz, &
B, AT OHREESRIC BT 2587 O SR
WD IEDHZ RS R E, /N> RV TS X
NrREmE LTEEL#EmIT ST e Lk

DSPICHF 5 X DS ARHELHEEICEHT 5 &,
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DEBEEE, ZO%— X HaABEH IS Tz (K
6). NIY—HOFBERHICENTIE, X—VEfEfIc
B3k (FED) OBEHNY<—y Rz
EBRENTWS (FIR, 1994). [EHZEIERICIT S
At AR X T TR D SR ORI K > TR E Nk
FRT DB AT LI, Ronffiids & UDSP&EICE
WTIEDfEZR L (K5a). 2O kid, K6 DHE
MHRT, EAHRANSRELZBIIEESLH, &
RFT 0 D BRI E DRI D AN > THD, 2D
EMNT—Ny RAE— FHEINCENR > Tz D e
EZbN5.

DSPICHF 2 i LSRR Y Jim D S A R.LEE IS H
T2E, BX—2ODSPIXIEDME /5w Z/RUTE
(X4b). TDT &iF, BHEHEEIIDSPICHAM T Lk
EBEHEE TV 2R LTWA. Kz, [REMEER
BT B EEEREER Y J5 T OGS ARE DI K - THS
ENTERR T IO SRE L, DSPICHWTIEDH
ZRUTz (K5b). d7bb, BEEEY A B85
M) NOHKELBEHZITS T LT, BfEREEERICHT

BIEROT M DIED S REEEZER L TV E VWA 5.

DSPIZBW\TIE, &I N — Ny RENEE Y5
edIc, HEROBIUAREEZTTS (IR, 1994). &
EOFEFGARENME L 1E, N —ZhEETE S 2o,
NR=ITH L THRRER 2% NETEETH 5. N
U= FAY— FOZME, FROEKERDIZD 25K
LEWS, A EEZzEb 5 Lici>TaHEN
% (FAR, 1994). TOT &N, FERTDEDEKE
DMEZE T S, FRNICERTmONY R)VEE

ONY RVSEATHREE) ZEhnE gz Ehinr—y
RAE—RENCEN STz EZBNS.

DSPIC 353 % 1L JBERER Z 75 101 O B AR B DG FE 1 E 0D
i, 975D bHEE TS RELZRE FANEHEET
Wic (K4o). F7z, REREERICE T 5EERER Z
FDEARE LMEIC X > TR S NI im0 gk
FOEEICHEHT S L, DSPTIEDOfEAERL TV (X
4c). bbb, DSPICHBIF ZE S NDOEIKE LD
BB N FIVRATIEEGICEBD D, N <—AY F
A¥— RHEINCEEL TV EWR S, KX —DDSP
KB TIENY—y ROERE FANEEIT 2 [T
b, HHEELE FRETSOMEIEC X > THREH
B EAABEEES (EHED, 2022). #HEHDSP
BT FREOMIEEIEIC X > TERELDOE )5
DRSS ST Lk, NV RIVEEL], DF D

MEHEO T GERRGTHOIE) DNV R)VHEEIRIC
BRO =y RAE— REINCERE L EZ 5N
%. £z, SSPICHEWTE [MHREERIC I % i (kA
RZ OO EEEEIFIEOEEZ R L (K50). —
Fi, ISR Z A MO SARE EEIE B OME, $5b
LEHE RS ERELZIME FANBEEE TV (K
4c). SSPUEINY< = FAOSE FAABEIT 5 R
TH%. SSPICBWTHEH L, EEEHRESICLT

(HF2 X511 L), WOREZ®ED 2 Z & TSSPD
FiARMEZEL T2 ENTEE 0D TS &7,
1988). 7z, MHEIEMRFFE TH 5 Yury sedychigEF
&, Nrx—y R EBEOSREZNNYAIE L x> T
el EHEEIN TS (Otto, 1991). ThbHDT &
5, BFEAFESSPIC BV T & BHAE LA NG RTAB
e LT, NV RIVEFEGIL, ERTMOIEDIN
VRIVEERERLTVWEEEZILODNDS. K,
Muroshshi et al (2007) *HEHIZA (2010) &, /N>
I—OFEEICHEFALENEK SIS, BiFEEE ORI Z A
VAV RO—=)VT BT ENNYI—\Y RORE
NI BN B LR TW B, AWIZETIE, SRED
OF)E LNy BVETIRE ORI E B URET L7z,
N —y RO ETHBANOBE) & Kt k%
BE#dzaZ e ONr—vy FEGEDORFLRVE)
) M, N—=AY FONRICEL TW5 T EAE
BRI T EMTEREEZLNS.

INHDT EMND, NII—Ny RAE— RIS
% R T 2 DSPIC BT, ATl il HarzR X il ik
FROSRELEE DR, ZO%RIHE LEERY ik
5 110D B R ERL A O JETS SO BRTE /5 A 1E /5 131 O BHAER L
HEOEENN Y —\y FAE— FOHEINICEHT %
ZEMNHLMICE S T2,

4.3 FPEBOFTVEREEDFEEEE DR

B0 @S WEHRFIZE, N <—v RhdEm
T % % DSPRhIR; 15 C & % RonlfIc 351 % i 1E FEHE R X
FOSREEENEN o T (F 1), K05
WFE#EIZ &, RonfHT/ N> < —\w R AT I\
WTWeZ EMREENTVS (EHEH,, 2021). X
BICRT K D ICHRBRLERDOE VB EIE E, RonkEd
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Acquisition of the handle leading distance and
movement of body’s center of gravity in hammer throw
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Adstract

The purpose of this study was to clarify the relationship between the handle leading distance, which
affects hammer head speed increase, and movement of body center of gravity during the turn phase.
Forty-four male throwers (throwing record, 80.50-44.17 m) participated in the study as subjects. Their
throwing motions were videotaped on high-speed VTR cameras (250-299.7 fps), and three-dimensional
motion analysis was performed using a DLT method. The kinematic parameters of the hammer head and
body’s center of gravity in grobal coordinate system and rotating coordinate system were calculated. The
fundamental factors were as follows: (1) Velocity of body’s center of gravity in the normal direction in a
rotating coordinate system was positive value during Double Support phase (DSP). Therefore, it was
clarified that the movement of the body’s center of gravity in DSP increases the handle leading distance
and contributes to the increase in hammer head speed. (2) It was clarified that by moving body’s center of
gravity in the throwing direction and the upward direction in DSP in the grobal coordinate system, a
positive velocity of body’s center of gravity in the rotating coordinate system was generated. Furthermore,
the higher the throwing record, the higher the velocity of the body’s center of gravity in the throwing
direction and vertical direction in the DSP in the grobal coordinate system. To improve the athlete’s
performance, it is considered necessary to have the ability and technique to quickly move the body’s

center of gravity in the throwing direction and the vertical direction during DSP.

KEY WORDS : hammer throw, hammer head acceleration, body’s center of gravity
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