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o7z,
3.4 JL—FEAH
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3..2 FL—FRADKERS
KRS, HAR e bBLZ0%X o —2
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O— BB TE—IBHBEL T, Abo—
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0.11+0.06 [N/bw]) B’ EHEEHR (—0.07x

(4) A¥—FR7r—EFEFOTV—-FNKH 47

0.05 [N/bw]) £ D bEERKE 257 ($<0.05),
NEEOHDOE —7E13, HEEE (0.81+£0.12
[N/bw]) »MEHEER (0.63+0.10 [N/bw])
ERTHEEICKE o7z (<0.01), 2512, AR
EDOXFERS (B) BEHAL TwAXEOFEE K
B, FORFERFETERT Z L2 & D A E OFE K
SEhEEHLE A, EEEE (0.34+0.06 [N/
bw]) HMEFEFE (0.27+£0.06 [N/bw]) kv E
FICKEhotz (p<0.01),

A b — 7 HIFEE A SN B E Db T DK
RV, AITARE A TEOHSHERNIC R 7 — b NEI
WERHE LN S FEMICA I Zick>TEL
3. BITREOBIAKRS 1T, BRI FHR
AmEEDEKREIBELTTSRKAR &I L 52
2, A7 — MEEEBETIZA b u— 7 FltaRE, S
L ® 2P RN D QWK 2 E T 729
W, BLFA %R b o— 7B THA E DKFER
SOMERLIZEEZOND,

AWFE T, BATHIFR TRIER S iz h o 1igE
WE L 7V — PRI OARFERS (WA &) O/ 6
LU — 7 OBRMBPRB E L, LeL, IR
5OMEEEERE L OMBERKEEAZ L, E—21{E
#30.53 (p<0.05), F¥F530.68 (p<0.01) &FH
BTRHLY, WIThbEERERREIT21FE
FWEIRE RV,

S DT —sY(1992) 12 & B &, ¥ v 7EES
DAFEERNICB T 2ELHEEDOHEE 7V —FOW
FEAMCIEE L% 4-10 [deg] OfAEEE (UT, B
XEEwY) BHD5, BHEARIVAETLV-FK
TIESET D E, KETV—FNRAFELEREDS
BICERSEE>Z LBbs, Lo T, RO
B, EOERENY MVARANDOKFET L — R
RIVOESDORES L OHEEZ I LEZON
3, ZOESE, BHEABPKEVIIZIEREL R 3,
Lirl, RETEZE, A7 — bt 3HELOM
SHED D B A7 — MNCEEREERIPAKEL %
3, ZORERSVKEVIEE I, HOBEEEHE
WZIHIBRD D 5 DT, BUEIERME, $hbb10ME
FEIMNE L kD, KEhhBRBEs RV EEZ
s, L7edoT, IMEOBEEECHET 55 &
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A IGEF OFFFI0 SR, BERE 2 Eiwc
Jo LT BREENSTEET % LB TE 3, S%iI3F 2
*T 4y 7R EBAL T V- R EBEKE
DOEEDBERICOVTREFL T LEND 5

>

.
3.5 HOERAX

BI10 &, AP Vv—PEEFONOERALE A b
O — 7R THARML, MR I E YL db 0
ZiRLT:, ey —{Ei 0 (m], gty —ik
0.16 [m] TH 3.

A b a— 7 BFETREREERFOIER S HMERE
FLDDEIMEBLTEY, A bo—27KTEOME
B3, EEEER (0.162+£0.042 [m]) 2MEHEG
FEE (0.139£0.036 [m]) & b bEEIHIAICALE
LTwi (p<0.05), ZOZ&h5, BHB\ET
&, AT — Mxd 2 HE.L ORI RN B EER I
RTRESLTHEEREEFO TWDE Z LHRE X
ns,

3.6 SAEBMIDYDZY—FE—X L}

B114&, A by —bEEFOSHEREIDD 7Y
—E—- R M REBHPHREOBEBLIUR bo— /B
HITHBEL, ERE L FEY LD TH S,

7V —F—XAY ML, MAKEDH60%A b a—
IJBEH D TTROTHLIWIEBGMERFE) DE— A >
M, ZOBEWNEEAA) DE—R Y FBRZICKE
<D, %A ba— 7RI THEEAMOE —

= ==gslow
e fast
| | —— W.R holder

0 20 40 60
%stroke

MEHARKICB 5 7 v— FRITOIEMS

NSV Z
PN féﬁ‘

0.04
2 0
E -0.04
g — =slow
-0.08 | |=——ast
—— W.R holder
-0.12

0 20 40 60 80 100
%stroke
N WEERCBT 280EMEDY D7) —F—A > b

7RRL, BREECBIANEAAO Y — 74
(—0.12+0.04 [Nm/bw]) &, & ¥ & B (—
0.06+0.04 [Nm/bw]) O] 2 &K & -7z (<0.
001),
WEFOTV—FEAT2NEAAD 7 ) —F
— XM, EHICHAR DTV —FSHNET 3
ZEWEYD TV — R EXKEDBEMESTIN Bk 3
TeHRELZEEZONS, AR TIREHATIHE
C7Vv—FER0WlDT, mREEKCAS-WNiE
FHED7Y) —E—X 2 bDER, BREEROTV
— FOREMERERFL D bRED oI LIZL B L
Zzoh5,

AE—RFRAXAT— b T, 7Vv—F»BEEW 40
lcm]) 72D ICEEOKEFICELRZE FHT, 7L — 24
RS THKT 2, ZOMEKEED 7V — F D4 E
1Z, FICKBEETB L B OSMEEME X - TTT
bhd, AR TIEREERFOTIERRO 7 Y
—E— XY PMEFERFCERTREO I EDS, §
HFETIRINS DIVEFHHAOEHENKE 2
ZENTFHEEIND,

1.7 #HARBRREEOITL—-—FRN

CITRENEFOMAER X LT, BF 1000
m AR ESE (BE1.75 [m], A& 76 [kg])
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DEEEERD WERE 12.8 (m/s], A bu—2
ERE1.17 [s7']) B A7 v— NERAE, TV
—FRAB LU ZDERAL, SRE#EIDO7 Y —%
— AV POEIZDVWTHKRET 2 (K8-11),

7v— FEMAE (K 8) 1%, mH#EER O
AR Mo — 7 FREROMED/NE L, By 3
Y TAREL TWwi, 72, 65 %A o — 7 ERLL
Bl NEAE S —B IR A ERSA SN, 7
V- FRAIDOHLERES (K9 E)iE, 20% A b o—
JRTECEAL, ZOBIIO%A u—TkEbHI
D SHEMERZRL, 80 %A bu—2EHY
DE—7 BHRIFFH LFEKRTD - 72, KPR (K
IF)ix, By —vBIFEHERELSELRD, W
M EDKERDH 0% A bo—7EE»SHEML,
N0%A o= —7IKEL T, HAS
DKFERSr D — 2718 (0.53 [N/bw]) B X U FH
F0.31[N/bw)) iFEBRFH LD NEot2, 1
DIEAA (K10) 13, 30%A bu—28dH7: Y THI
HBEIL, £D%IYA ~o— 7K TRIBERM
WIEE TNy —RRLT, 7Y —F—X}
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BLADE REACTION FORCES IN SPEED SKATING

Masahiro YUKI*,

Michiyoshi AE** and Norihisa FUJII**
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Some investigators have attempted to measure
push-off forces in speed skating at different veloc-
ities. However, the relationship between the push-
off forces and the skating velocity is still unclear
because there is little information on the direc-
tions of the push-off forces and skating velocity .

The purposes of this study were to develop a
sensor-skate which could measure two compo-
nents of force applied to the skate blade, and to
investigate characteristics of the blade reaction
forces on ice surface and their relationships to
skating velocity.

The sensor-skate consisted of a pair of sensor
elements between the shoe and the skate blade to
detect forces in both lateral/medial and vertical
directions to the shoe sole. Linear regressions
between the signals from the sensors and the
forces applied were determined with different
load conditions, and cross-talk from the lateral/
medial force to the signal in the vertical direction
was also calculated.

Ten male speed skaters, including a world
record holder at 1000 m, served as subjects. At
two different skating velocities, the force signals
via strain amplifier were stored (100 Hz) in two
data-loggers fixed on the skater’s back. Blade
reaction forces (BRF) in the coordinate system
fixed on the ice were obtained by transformation

of the force signals measured in the sensor-coor-

dinates, based on the lean angle of the blade

measured with VTR cameras (60 fields/s) . Both
vertical and horizontal components of BRF, point
of BRF application and free moment about the
vertical axis were calculated.

The results obtained were summarized as fol-
lows :

1) Lean angle of the blade at the onset and end
of the stroke were larger in fast skating
(11.5+0.8[m/s]) than in slow skating (9.3+
0.5 [m/s]).

2) Peak value of the vertical component of the
BRF was larger in fast skating than in slow
skating.

3) Peak and mean of the horizontal medial
component of the BRF were larger in fast
skating than in slow skating.

4) Point -of BRF application at the end of the
stroke was located further forward in fast
skating than in slow skating.

5) Peak magnitude of the free moment of inter-
nal rotation about the vertical axis was lar-
ger in fast skating than in slow skating.

The onset of the horizontal medial component
of fast skating was much earlier in the world
record holder than in the other subjects.
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