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Introduction

in luge high speeds and normal accelerations occur
e.g.. Olympic track at the Whistler Sliding Qent

- for safety reasons speed and load must be restrict

- luge track construction is very expensive.

- for planning new luge tracks one needs detailémmmation on
the expected speed and acceleration of the luger.

purpose development of a simulation tool to predict
speed and normal acceleration of a luger in thdtrac
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Method

geometryof the track at th&Vhistler Sliding Centre

track length 1450 m
vertical drop 152 m
16 turns

mean slope 11% ——

distance along base-lini _ |
altitude, slope angle, »
and turn radius LY TR

.....
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Method
propulsive weight Fwp = mg sina
normal weight Fwn = mg cosa
drag Fo = % p CpA v2
centrifugal force Fc=mw/r
normal reaction force Fr = Fwn in straights
Fr=( Fwn2+ Fc2)”2  in turns
friction force FF=pFr
equation of motion ma=Fw—Fo—Fr
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Method

track cross section

in straights  flat
in turns elliptical
major/minor axis a/b =1.78/1.29 n

luge

base line
Ah

r=r, h=h

— « baseline
luge, real position of trajectory o Ar

b

r=ry+Ar, h=h+Ah
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Method

position of the luge in the track

reaction force knormal to the
track surface
- nonlinear equation fahr

a Ar V2
b J—ar® (G, +An)gcosa

baseline

- Ah from ellipse equation
OEE
b a
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Method

integrate differential equation, but

restrict integration step sizeAs =0.04m
in each step compute the position in the track, i.e
computeAr, Ah using r and v from the previous step

parameter identification
select initial velocity y, drag area €A, and friction
coefficienty subject to 5 run-times in an official training
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Validation Data

acceleration measurement
sensor ADXL321
Analog Devices Inc, Norwood. US-M

range: +18g

accelerations were filtered
Butterworth filter

in forward and backward direction
cut-off frequency 2 Hz

i
////
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Results

movement of the luge in the track (s, v, a, F..)

mean friction coefficent  p=0.0142
Itagaki et al. (1987) for a sled runner on ice
i =0.006-0.014

mean drag area CpA =0.050 M
wind tunnel measurements of the Austrian Luge Fadater
CpA = 0.044-0.060 rh
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Results

run times

overall run-time exact due to the parameter idesatiion

difference in transient times at the 5 measurerpeinits
0.44, -0.35, -0.46, -0.19, and 0.00 s

in the simulation the luge moves slower at thet stad faster

after the first interim time
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Results

speed of the luge
40
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speed v [m/s] vs. run-time t [s]

speed at entry of 180° turn:  40.5 m/s simulation
40.7 m/s measurement
3rd Mountain Sport & Health, Nov 2009, Rovereto, IT 11
Results

acceleration measurement
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normal acceleration a [g] vs. run-time t [s]
unfiltered data (blue) filtered data, Butterwoi2hz (green)
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Results

simulated vs. measured normal acceleration
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normal acceleration a [g] vs. run-time t [s]
measured and filtered data (green) simulated dedh (
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Discussion / Conclusions

main result:
speed and normal acceleration were successfully sitated
for a run in the track of the Whistler Sliding Centre.

measured and simulated data agree very well
normal acceleration

velocity at entrance to 180° turn

total running time

computed mean drag area

computed mean friction coefficient
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Discussion / Conclusions

differences between measurement and simulation
runtimes for transient times differ ( total runtirgrees )

reasons might be
- acceleration pushes of the luger in the first secti
- changes of ice friction along the track
- different friction coefficients for straights amarns
- changes of drag area due to movements of the luger
- luge shearing is not implemented
- transversal accelerations are up to 1g
- steering movements of the luger are not modeled
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Discussion / Conclusions

benefits of the simulation model

- the model is very simple but accurate

- main influence factors for speed and normal acatten are
+ the vertical drop or the mean slope angle
+ the turn radius

so, the simulation tool is well suited to design metracks !
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Discussion / Conclusions

if runtimes are provided, the overall runtime isywsensitive to
changes in mean drag area as well as mean frictiefficient

therefore, tool can be used to calculate drag amedriction
coefficients for luging in competitive environments
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