< T

Ski Embedded Piezo-mechatronic System to
d am p Vi b I'at i o n S ® Olivier SOSNICKI, Frank CLAEYSSEN, Thomas MAILLARD, Cedrat Technologies S.A.

- Matthieu LEGER, Skis Rossignol S.A.

active control of vibrations

has been growing up and
many new applications using smart
actuators have been developing. In
2003, CEDRAT TECHNOLOGIES in
collaboration with SKI ROSSIGNOL
initiated a project supported by
ESA where these concepts (smart
material and active control of
vibration) were adapted and applied
on a ski structure. The project aim
was to damp the large modes of
vibrations keeping the robustness
of the control and the static loads
during the ski ride. This active
damping should be performed by
self consistent piezo mechatronic
system embedded on the ski.
The piezo mechatronic system
developed by Cedrat Technologies
would then include an amplified
piezo mechanism, a sensor and
the related driving & control
electronic.

Since many years, the field of

In this context, the selected
application by Rossignol was the ski
speed record, during race so called
“KL"(see figure 1). The Rossignol
aim was to reach the astonishing 255
km/h down the slopes [http://www.
esa.int/esaCP/SEMWIT57ESD_
Improving_0.html]. According to
SKI ROSSIGNOL, next to wind
resistance, vibrations are the single
most important element limiting
the top speed. That is why an
active damping of vibrations was
studied. However the amplitudes
of vibrations may reach up to +/-
40mm at the tip of the ski, which
is very large and is not compatible
with usual piezo actuators.

Figure 1:
Ski speed
race so
called “KL”.

To solve this issue, CEDRAT
TECHNOLOGIES has developed
a new Amplified Piezo Actuator
(APA) based mechanism, which has
been patented by SKI ROSSIGNOL
(see figure 2). The APA utilizes a
metallic shell to amplify motions
from a piezo stack and to pre-stress
it. This pre-stress is required in
embedded applications such as
space to withstand large external
vibrations. This concept has been
proven definitively valid since
this actuator technology is flying
onboard ROSETTA spacecraft in
March 2004.

On the ski, the APA acts in parallel
to the structure by means of a
rod (see figure 3a). The principle
is to create a bending moment
via the piezoelectric actuator in
opposite phase with the vibration
measured on the tip of the ski
(see figure 3b). An accelerometer
was placed on the tip of the ski to
measure the vibration amplitude
and to feedback to the embedded
controller in a non collocated
configuration. An electronic board
(see figure 4), designed to provide
enough energy from a standard
accumulator (+9.6V), is placed
inside a compartment behind
the shoe, and supplied the piezo
actuator during the KL run.

Figure 3a: View of the implementation of
the standard APAT20ML on a KL ski.

Figure 3b: Principle of the concept
using a piezoelectric actuator.

Figure 2:
Mechanism patented
by SKI ROSSIGNOL.

Figure 4: View of the embedded
electronic board.

Acceleration on the tip of the ski
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Figure 5a: Effect of the active damping on the

first mode - Harmonic response.
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Figure 5b: Transient response - Reduction of the

seftling time.

The controller has been designed
to damp the first mode, while being
not destabilized by the upper modes
(pole-zero flipping).

Finally field tests were done.
Additional seven accelerometers
were implemented on skis in order
to measure the level of vibrations
and to assess the damping system
performances during a real ride.
Measurements showed that the
vibrations can be reduced with an
attenuation up to 30dB (see figures
5a & 5b). According to the ski
tester comfort and performances
were improved on different types
of snow.

Thanks to this first success story,
SKI ROSSIGNOL asked CEDRAT
TECHNOLOGIES to adapt this piezo
mechatronic system to GEANT Ski,
where tip deflection can reach +/-
170 mm.
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