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Resolution Traveling Length of Hammer Head into the Motion-Dependent Length
during Each Double-Support Phase in the Hammer Thrower

Yoshitaka MIZUTANI and Koji UMEGAKI

Abstract

Two hammer throwers were studied using three-dimensional motion analysis procedures. One was a top

national athlete with the best record 72.32 m, another was an university athlete with the best record 56.84 m.

Hammer speed increased gradually during each double-support phase. Since the distal end velocity consists of

the velocities which are the each cross product of the proximal angular velocity vector and the position vector

from the proximal to the distal, hammer velocity was resolved into the velocities which were relative to the

lower limbs, the body, the upper limbs and the hammer. During each double-support phase, the traveling

length of the hammer head was calculated by integrating hammer velocity, and the motion-dependent traveling

lengths of the hammer head were calculated by integrating the resolved velocities. In each turn, the motion-

dependent length relative to the lower limbs was long, but in delivery the sum of the motion-dependent length

relative to the body and the upper limbs was long. It seemed that in delivery the hammer head had better be

accelerated by twisting the body, driving backward the upper body and extending the shoulder joint.

1. BRY

NyR—OREBEX, V) - ARONYI—
BHERONME, HE, HHFMICI > TUIIFHRT
%o FRIZY ) — RO —HHEOE S,
AT EETARELERTH S, BEIZY
J—ADHNIZ3~4 DY — 2V %fTw, £ —
VRN —EIOEI R RS LD,
KEIZZOH S A ST { ,Dapena? ?
'3 2 Dapena and Feltner” iX, &% — v 28

W Y —BHER D B AN 3 5 eI R
THP L IZZ-BT B L elEdh D, HEHK
OFEHRELTEHOEE, Nyx—LHEKOH
RELORH A ~OBBOLE, 7
AX—DRNOHMOEE, NEEFEEOELO
EALEE LT, ¥4V 0L, KEHEON
v —HEROME I REEEOBE L THLED
RUDE—RXAY M) IZEoTiITbRB LHRRT
Wb, TORRBEORE L HHOBEELN LT
XX O IERATETH ), WEIHEIC

*BhFE, AR



100 PIRKERE F ik

BELTBINY—HEPEOBE LY TICH
NITEBIIKE L 25, AHO, -k
ONME T ZBESFHEREN =L DL HH
TS THET LI E, ZOFELNCHZT
HL HFEEEETLIEICE>TIThbhb e
RTWb, k57, T—KA ¥ b O@BHT
BTN —EHIROBE) A L BE LN,
b bEEOHLF AN Y v — IR % 8| X f
T2 EIZEoTM#ED R ENTVWE ERRT
Wb, FoMEE ARSI, BEEIIo—F
£ FORIETIHEFEICKELRRLONZRIEL,
y—HpIZHRELE N —BEHEROHRE (]
R 2B LER RS, F—reELLIC
ONTHEOEEZKRBEIIKELLT, N>
YDA - FE2RELLTHERFE LTS
LHELTWD, S5ICEHKRY S, MmEERT
FHELTHYY—BHEBICTE BT RV il
EHONEEASELI L L, Nyw—FEEIC
TELLZTRVREEHFONZFHEELZ L
EHIT TS,
CHOEHIN—HPOMENEE LTIT
b DRI BIT 2 R0V ZHL
MPICT B LIFRETH 5. %2 TEAHETIE,
NV —TAER DR & B R B O £ HE DD
MTERTELELIZ, WMEAXFEHIIBITFANY
~ —SHEB OB BRI T 2 HR K OB X (2
LoBEFMAEHNL, MEXHPIIBTLY

REBOBEEN 25T 22 L2 HE LY,

2. &
BEBREIIEBRERIFICE VT 7232m &

56.84m D FaLEk T b ORFRE LETF 24 (R
l) T})Of:o

xR1 BREOHH
WeERE A B
5 £| cm 187 181
ZES & | kg 85 109.5

~ Z F| m 72.32 56.84
PR OREH | m 66.57 52.68
E 159 21 % 92.0 92.7

REWRTHRICKFEE LSBT, #
BEIIZENEN6FHORABEZITHbE/Z, $XT
DRABE IHBOBREL T A AT (Fy it
B . HSV-400, HSV-500) % T, #%EHH
X LTHA, B, EHO 3 LHERL
72 (K1), 200Hz & 250Hz THRE LY FF
BHEZ IBHEHEIELTTFIVIA XL TUF
A XL EGFE, EAFEEEL, A
AR BE.G, GRS PG, EAREES
Ly, ARG, EGRBE L, AHE,
FARS, HEN, EAEHRPE, BFodhk
B, Wy —BHHOPRLD 2 5ThHhoTze =
NoOmE % DLT HIC L D ERMEEICEHRL
720 ZOBAASHORMEIT) L EBIT, £
NEFNDOHIRXTDFT T ¥ A4 X% 100Hz
T— IR L SATIIBERE AR A DN
HETROLDBWVEHK SR (6657m &
5268m) 22V THiT- 7210,

RKFFETIE, N2 —¢ BURNLLLR% 4
DO (FH, WK, L, »r~<—) 124
V, BEBALICEBNEERE R 2, F LTI
DRERE DM BE L B 2 BN REAE R O
OMMAEL AL T—HELELTRD, 51T
HEAALT—ALVAEERY PV (0) KD
7z. (APPENDIX % £Hg) F /-MiErh S
B ARHEI SN YT —HEANDMEBERY F
V(ry, I, r3) 23RKD, Ny —FHHOREN Y
FVVEZUTOLSIZER L, 72720 Vit
TEREOBEENY MV, VL IZTHEOESIZ

HhAS53
fHAS52 (250Hz)
(200H2z)

7z

hAS1
(250Hz)

1 XBRESEOHERR



MR ET 5 v < —HBOBEHRE O AR 101

LHHENRZ MV, Ve 3RAEOEEIC L 5E
BEAXZ MV, Vol EEOESIZX ZEENY
PV, Vi@ r<—DBEZ L 5 EEXY b
VTHBY,

V=V, +Vg+Vy+Vy

VL=wy Xri+wy Xritwyg Xri+Vy
VB=w¢' Xritwg Xritwygy Xn
VU=w¢, Xretwg Xrptwyg Xr

Vih=we Xr3twg Xrztw, Xr3

£y — v EOMEXFHRF RXRHICBITS
Ny —HEROBEEREI, N~ —JHPOHE
BEOX N NI —DOEBEERDN T —
HHOEERZ MVOHEERT) DES%EZ
NENROXBIZBWTHES TSI LICLDEE
b,

D= [Vt

T 720 E I BT 5 BRKERAL O EBIC &
AN —HEOBEEMIL, SEREIMOE
B L AN —FHEOEED X FRIOK S %
FNENOXBICBW TR, TAI EIICLDE
"wExhoY,

D= [ Vit
D= [ Vgt
Dy = [ Vydt
D= [ Viydt

3. BREEE

ENENOHERED) ) — ABFIIBIT BN
< —FHIOMAFHF IR 2IIRTEBY TH-
720 Ny —HHEROEEDOK & S 1TEL5FE B
LT3, HEAICZRIEBIEALERALNL
Molze TE2E3N VT —HBOEEDK X
XOBRFEHELZ R LTV, ~ADOHERE L
b, HROBE LB WMRELFIC N~ —H
HOEEFEKT 5B ERL TV,

M3 ZENZEFhOEBREIZO>VT, £¥—>
ORI & RN BIT AN v —H
HOBBEHZRL TS, HEBREAZL Y —
YD%, BEREBIZ3I -0k, KETT 5,

£2 VU-—-ZROMBRE

HRERE A B
B | m 66.57 52.68
Mo # OE | m/s| 26.3 23.29
X Vil M| m/s | 19.53 17.05
Y K W |m/s| 17.4 15.84
v/ 5 || m/s 2.7 1.0
B &5 A deg 41.4 42.8
# % 8| m 1.311 1.41

Vin/s) HBEEA

5-#&&&*
0+ T T T T

0 0.5 1 15 2 25 ts)
WEREB
a0 L Y(m/s)
25 A
. J\/\/
15
10
*] e e
0 T T - T
0 05 1 15 2 25 ts)

X2 /N~ —FREBDREE DM E
HpOEEORVESBIMIAMEZFNE, B
WERR SR EXFRERL TW3,
BEXF/PICHTIMBE /N —-EROD
O—-KRAPENIRLAMERLTVS,
HMEREELS, 2.B3PVHFPVY-XEHET
H5,

“ANO#HBREL L, MEXRHHoOBHERES Y
VR RXFRICHRTE o720 T-8E8REA
Ty — v 2FEADLIIONT, HEXHHOR
B EIEL (2~4%— 2122w T 655m,
6.04m, 5.74m), W REXFHOBEERE IR <
(4.02m, 4.33m, 504m) 7% 5> T\ o 720 — HHEER
EBCTWRY—r2ERDBIZONT, WELHY
OBHHEHIEL (2~35—2iZonT
5.36m, 583m), F EXFHFH O H E <
(4.22m, 5.29m) 7 5 T\ 5 72,




102

D (m)

7
6
5
4 OWBRE A
3 RAHRED
e H —
1
JLL ]
m & m K m  K xe (BE
(I | I (I

AL25-y Ai33- A4s-o
8:2%-» B:35-»

X3 MEXHHPREIZHBMPTON < —TBSR

DOEEEREO LB
t(s)
0.5
0.4 H1
0.3 r OwERE
A
0.2 H miieE
0.1 1
0
G B ) B il K g (RED

AL25-> A3~

B:23-»

Al44-2
B34~

M4 RMBXRHEP, FEXBPICEL EEOL

M4 3EFNEFNOBBREDELE Y — O REK
R E LR ORMEZRL TS, ZAD
WERE LS, MEXFHHOMO A R
HZHANTERL, WEXFHH ORIz — %
BRLIZONTLAEWIZEL o Twal (B
BEHEAIZ2~45— 22D wT 041s, 031s,
0.26s, HEHZEBIX2~3 % — 1220V T 03ls,
03s)o L LAREXFHOKMIZY— %5
RLHIZONTHELSE L Db ol (BEBREAL
2~4%— 22T 023s, 021s, 023s, #EER
EBIE2~3%—2I22WT 024s, 027s)s
LA RXFHORE I 2b L 2TE, ¥—>
ZEADIIONTHEZFP BT LNy v —
BHHOFEPKEL ) BEROEEDA Y — F
PEEDHIZE, WRXFHHOBEE#IEL %
HTHA50 EBIZIIZAOHBELDICHE
YRMOBENEREIIE L o Tz,

K513, HEBEAD2~4%— 2 LHGFOMN
RXFCBIIA2ATF 1922 F v —%RL
Twb, M6E&y—OmMBIFBIZBITS
B Bt - TRROEBIZ X BN < —BHERD
BEHEHEETRL TS, B —VIZBWTRT

% 5t

{
A

H5 #HBREAD2~45-L ERBOARXBEYICEIB25AISHLERT v IETF 4 —



WRZHEIC BT 5w —HEOBEHEBEDONR 103

D{(m) HWERE A

/M5
OfRE
BT

2@ R ez 4@ a5t (B@E)
D (m) #HEREB

61 @B

Ot
41 w TR
2.
O.

2Bz 8 3@Eg gt (B@)
X6 FMEXBEHONv—HEOBEEROA
ER

100% Tz

80% 1
B2 ti
O
B TR

60%

40%

20% -

0% -
#yt  (BE)

100%

80% +—— ;
AL

m]: S
BTH

60% -

40% -

206 4 —

0%
2@ 8 3@ E #y  (BE)

7 MEXZHBONC—-EBOBEEROA
;R (%)

DB L BN —FHROBBEHEIK X
{, BHIZBWTIIGER LEOEEIC L 28
B RKELS o T, LEOE#HIZES
NI —HFOBENEETIY - 2ERLIID
NTELLRD, BETIEEHIIELS RS, /-
JRAEDEEN X 5~ —FAERDO BB BE X,

BREAOEESY — 2 ERDIZONTHEL &
DEFTIIRL %2570, BBREBOBHE Y —
ZHERDIIONTRELS b, M7 132 HFH
B2 BRI THEOEBICX S/
I—HBOBHEMALESETRL TS, &
Ao bETIIWEEA, BEHIZHK
(25.9%, 23.9%) LB (32.7%, 37.6%)
WKL DBHEHOEAIKREL ZoTWBEI E
Whhb, oF DERFTRAGKOVRYE LR
#BHE, »5VIE EROBEEOMEICX 5h0E
PIbhTwa £ 55,

4. F&O

2ANDRENV =BT ETFOBESWT %
1oz e DWERE X 7232m DR b ED
B2 b OEN Ny TOEFETHY, HVED
DHEEE X 5684m DN MELFE DO —HEW
RETFTHo7,

N —BHEO M E SRR ITh T
Wiz N —HEORE X FRE SO A
BENRT MV EN YT —FHEANOMBERZ P LD
N7 PBEOMTREINLEDT, 0o E2HED
L7 = —HIROBHHEH b FRSH 505
EIL2BEEBOME LTERTILATE
Bo =2 b BRI NV —FEIOBE) I
RHRRBEIROB XX HBRBEBOEILIZON
TUTOZ ENEEINL,

(1) F—rHhoOmRZFRICBWTIETED
EENZ X HBEHEMNIR ZoTWw A, T2
L35 — ol REFHICE VW CREDE
DR LERIZL 2B Z0FEI LRV L EEK
LTBY, TEHETHE8 2 o7mF %
BAREHER X85 2 ENEETHLEBbNRS,

(2) L2 LE&FITBVTIRRER Lo EE)
WKEABNYT—HTOBEHHEHIIES 2o T
oo THIERBOIEYRELRHE, H5VI3E
MEOMBIZIZ2IDEEZON, ThH5DOH)
Bk o T~ —BEHOMEZITH) Z &L HE
BThrbEBDLIA,

A, HAREFRE AT MRITRE



104 PRKZERE Fama

L7ZNEZ —BBEMELZLDTH S,

BE

1) Dapena, J.. The pattern of hammer speed
during a hammer throw and influence of
gravity on its fluctuations. Journal of
biomechanics, 17, 553-559, 1984.

2) Dapena, J: Factors affecting the fluctua-
tions of hammer speed in a throw.
Biomechanics IX-B (Edited by Winter, D.
A., Norman, R. W, Wells, R. P.,, Hayes, K. C.
and Patla, A. E), 499-503, Human Kinetics,
Champaign, IL, 1985.

3) Dapena, J: A kinematic study of center of
mass motions in the hammer throw. Journal
of biomechanics, 19, 147-158, 1986.

4) Dapena, J. and Feltner, M.: Influence of
the direction of the cable force and of the
radius of the hummer path on speed fluc-
tuations during hummer throwing. Journal
of biomechanics, 22, 565-575, 1989.

5) G.¥A v ¥, RSB, HBNMZ, HE
BRR ELEREONE, 231-237, KIBHE
&, 1972.

6) ILBUXE vy b L%, 172176, ##EE,
1987.

7) b EEEE, #HAMT, BAH, HMEER,
HRHE N —RTFONA F A Hh =7 R
Hypr, R—ikE EEBEF oM (L
BEGE WML RN A Hh =7 AR
M), 240256, X— A R—) - < H T U4,
1994.

8) KEUFF, HEH{LE T I MEXFMITBIT A
N —BEOBEHEMONR, HAKEFZE
K47 MK &5, 374, 1996.

9) SEMRELE : v —ITF, 3052, N— R K —
WA T, 1994

10) /NEFIBRIR ¢ BE BB DT, W CER,
166-174.

11) #psEiE T, KB KB >SRN
< —EHOMEEICONWT, HERKFAREFR

Z%#, 38-2 5363, 1997.

APPENDIX

NI E L EBERERE, v
EROBLEREE L, Ny —HEBOEEN
7 MVOFHENZ X B, xEZETRNRY PV
BFENTYT—HBZEEZ M VO %3 FH
WCHEEEFOFEIZY 8, AFR%E LT HEIC
zHhE ko7,

ERCERE LSRRI, WER MR R
HeEL, MBHREAI»LBFORFMIC CE, Lk
D3 H BFORRELELBEEH L) O
TVYHICEE EFOFEIC p 8, FFF% %
FHENZ @A L o7

MRz ER e L7 B e iR, MR A % E
REL, MEPE2OWHBHREOAFEIC 5
oW, » ®WII¥ITENXS bVvELEREBE SO
ZRESNT MVOGRTEEICEER S (REE
I2&oT) OFMICE W, HFERELTHM
& R Lo,

FRUZERE U7 EBh AR R, TR 2 R
HEL, THROELY LWEFRNOFEIZ ¢
W, " WICET RS PVvEELABRBE PO
2RI MVORTFERICEERS (RBE
I2&oT) OFBNZ Y W, EFR%2%3HMN
2 & WEr kol

ZEH B E DR (=7 VO EFEEE L
T, WCEHMIIXHE, ShELAICYH, HF
FREBTHIAN Z8%E L > 72) OKREEE T
DEALRZ bV 2 ix, iy, kz, EEBEFERO K
JEERE S TR DBALN 7 MV & iy, Jy. Ky, 15 5, ke
HEETD, 12z E ¢ U BERODE
VERR B DMLY P Vi, jr, ke 1EEL
ToLHzEREINS,

i =&"ix +& 3y + & 3ks
iy =7Mix 7%y + pskz
ke =ix + iy + skz
D BEREE H T O BALNR 7 PV FBRICERT S

ENTED, FHAIARY NIV Ze [ B & O KEFE
FRICBIUT B, &R o> 72 R B E o R



MR SR B 5 v~ — B OB BB O MR 105

FIZBITEHARZETLH 5,
ZEFEEDOHESR (XY Z) & TR OES)NHE
B2 (& ) DEOFALT—HEUTO
LI ERT B, RICHEERDFEA T
5 &) IEBEEORERE EITBE S (X
YZ), Y#FbyoREAE ¢ (¢ bzt
DEESRZX YZ' &¥53), X #Eb)
OnlEEA%E ¢ (60 REEBEOEERZ X Y’
¥ 3), U MiEbhomisr ¢ (¢
HiEROBERIZE v O b)) &L
RO EFRE, FEOBEEER L ko ES)
WEROM (¢, 6, ¢), REOEHRIER
E LB EBEEROB (¢, 6, ¢, L

EHEER LN —DOEBEEEZROM (a
B, ) IZ2WTHIror,
EAAT—AEBEMSTH LICE o> TH
SAEENRT PVOKEESERDLZENTE
o TZFOMEIR, A4 T—AZEHRLE
EONEEMOBE THD, 72k 2 ITMEENRY
Mg BUFOXIIRDOLND,

wg” = ¢ ”xiX + QZ'S ”yjY + ¢ ”sz
bt
i
9’5 //z= qa ” ?/3



