Uy B BT IO —FEED

vial—Y g

—~R BRI BONEECATOEE—

e K #/AHE FE
XIS

P Y FHBRBOTY » v EFRENABIEE, Ve v ST 4 —
TYRAERET B AHOFEELIETH LY, UL, BUIETOMCY +
voi—ld, Yo yTEOBEICL N SEEBICENNEELZE S, W
BRIEEE R IEANNR, ERERS, BEBELS, £H, &
HEETHEY, BRI EFEhE -7l ZOlE Lo/, 5,
BOABELERENTZSETILTANELTHBICESE52 5T
fl&tad, ToT, bhbhid Y+ v —OEESBICHT ALK T &
LTOARNCOWTHFERRBRHEMAB &M, Ve v 72+ VDK
KARKECEBT2b0EFL -, ERNMEHRIav—va v TRY+
YA—ERMFBLTALOVOY A ERRFES R b DML
A0 HERmIIC AR EINA - b0 RIERICDITLY, L
Mo THERMBETONFROELEFHL, SE~OEEBLIRIT 48
BHbdo £IT, lguro SPOHEERICHBOAB LY v ¥y v 22 EF
WELTY Ialb—va YETY, FREBCEI 2 HokELEX 7
M EDBIERMCHE L, COBRESEO Y » v rHFTOSICEAIG
HiactixFMEoENE L,

i

PFgRicE Lo #a82, NECHEv— v+ 2w 22— 5PC-O801 %
BRI L7, SBRF—5 vy FEBY — K2 p v EFH L, Yvr v 7H



feek - fE E

START

RADEUS OF CURVATURE = BSa
R1

EDGE OF TAKE OFF GROUND

Fig. 1 The profile of the Okurayama large hill.
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Fig. 2 Changing of the mechanical forces during ski by simulation
model. The solid line is summation of the friction and drag
force. The dotted line is in the aerodynamic force and the
broken line is in the friction force between ski and snow.
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Fig. 3 Changing of acceleration during ski by simulation model.

Note;

Solid line : The case of including effects of gravity and
two external force

Large broken line; The case is in an effect of gravity

Small broken line: The case of including effects of gravity and
aerodynamic force

Dotted line : The case of including effects of gravity and
friction force
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Fig. 4 Changing of velocity during ski by simulation model.

Note;
Solid line : The case of including effects of gravity and

two external force
Large broken line: The case is in an effect of gravity
Small broken line: The case of including effects of gravity and
aerodynamic force
Dotted line : The case of incliding effecls of gravity and
friction force
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Fig. 5 The models of body posture during ski gliding at the apprach.
Each model shows different body position. And vectors show
relationship of each force that influence to the CM and sole.
Note;

CM : Center of mass

Fl : Lift Force

Fd : Drag Force

f . Friction Force

I : Length from fulerum to an effect point of centrifugal force
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A Simulation of Apprpach Run in
Ski jumping

The Influence of the External Forces
Including the Centerifugal
Force Through the R1

TsuroMu Sasakl
Kazuuike Tsunopa

Abstract
The purposes of this study are to clarify the magnitude and
action of the external forces which affect a jumper’s body and glid-
ing posture. Many researchers have proposed equations of motion,
and we examined the applicabillity of their eguations of motion in
simulating ski jumps. In this study, we refer to the method of
Luethi et. al. because their equation 15 concerned with the phase
of ski gliding. We developed two equations of motion for two pha-
ses. The first equation was for the straight running phase and the
second one was for the arc by the radius of curvature (85m).
These equations are:
mai=sinf » mg—Fd— p (mg+ cos@ —FDcermeermeees (1
ma:=sinf + mg—Fd— ¢ {mg=- cos® —Fl +mv*/r) - (2)
The equations were solved by the Runge-Kutta Methed on a
personal computer.
Qur findings are as follows:
1) The applicability of the mathematical model is not certain.
2) On the straight course the drag force affected the performance
of ski gliding, and the arc course was affected by friction.
3) The friction force appeared to affect ski performance early in
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the arc and in its last phase.
4) We could not deal with action of the body itself in this model,
as the model is one dimensional. It is necessary to develop two
dimension mathematical model in further investigation.

Key words: Skijump, Approach Run, Centrifugal Force, Simulation.





