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ABSTRACT
There is a period of nearly weightlessness during the
flight of every despun ballistic missile. For the REXUS
7 sounding rocket this period was about two minutes
long. The main forces still acting inside the rocket during this phase result from disturbances in the atmosphere
and moving devices inside the rocket. For experiments
which rely on a high microgravity quality these residual
accelerations can still be too high. The goal was to develop a passively damped experiment module for REXUS
which isolates the majority of these forces. The experiment module is called Vibra-Damp. The damping has
been tested on the REXUS 7.
1.

INTRODUCTION

For experiments which rely on a high microgravity quality residual accelerations caused by flight disturbances
and moving parts can still be too high. Therefore, a
passively damped experiment module was developed for
REXUS which isolates a majority of these forces. The
module is based on preliminary work by Manuela Franke
at Aachen University of Applied Science [1, 2]. Her work
deals with the possibility of passively damping the TITUS melting furnace inside the MIR space station.
A lightweight case was fitted into a REXUS standard
module. The case and the standard module are only connected by six small beam-springs during the zero-g period. The contactless damping of the case is based on the
eddy current principle (e.g. known from the braking system of the ICE high-speed train). Three permanent magnets are mounted opposite to a electrical conductive but
not permanent magnetic plate on the top and the bottom
of the lightweight case. When these plates move relatively to the magnets a current is induced into the plates.
The current creates a magnetic field which acts against
the original movement and brakes it. This construction
makes it possible to build a system with very low eigenfrequencies so that most of the stimulating forces will
have a much higher frequency. Therefore, the system will
almost entirely be isolated from the forces acting on it.
Preliminary calculations show that it is possible to create a system with an eigenfrequency below 5 Hz. The

system should isolate about 95% of the forces acting on
the lightweight case. To verify the expected results, two
seismic acceleration sensor packages are added to the experiment. One package measured the acceleration within
the damped case, the other measured the acceleration of
the surrounding module structure.
The position and number of springs and magnets strongly
depends on the mass and mass distribution of the damped
experiment [3].
Another important point was to create a locking mechanism which keeps the inner structure in a save position
during launch and landing. This mechanism had to prevent movement of the case to avoid plastic deformation
of the extremely tender springs and to circumvent the destruction of the rocket during the launch because of a free
moving device inside of it.

2.

EXPERIMENT DESCRIPTION

The experiment is composed of the following parts (Figure 1 top):
• (Label 1) Experiment module (see also Figure 1 bottom)
• (Label 2) Module structure
• (Label 3) Data acquisition device: includes National
Instruments CompactRIO-9014; one seismic acceleration sensor package, two temperature sensors and
other electronics (filters etc.)
The experiment module is composed of two securing
rings (Figures 1, label a and 2 bottom). Each contains
six permanent magnets for the passive damping. Figure
1, label b shows the two electrical conductive but not permanent magnetic plates. In each case they are connected
by three beam-springs (Figure 2, label a). Furthermore,
the experiment module includes boxes for the electronics
(Figure 2, label b), a seismic acceleration sensor package
and two temperature sensors shown in Figure 2, label c.

2.1.

The Acceleration Sensors

The seismic acceleration sensor packages are composed
of three acceleration sensors, which are respectively
aligned to the x-, y- and z-direction. These directions
are graphical explained in Figure 3. The z-direction of
the Vibra-Damp experiment corresponds to the roll-axis,
the y-direction to the yaw-axis and the x-direction to the
pitch-axis of the rocket.

Figure 3. Frame of reference
Figure 1. REXUS module; top: 1 - experiment module,
2 - module structure, 3 - data aquisition device; bottom:
a - securing rings, b - electrical conductive plates, c damped experiment part, d - motors

Five of the six acceleration sensors have a maximum
range R of ± 3 g and one has the maximum range R of
± 2.5 g. The sensitivity S of the 3g-sensor is 1.2 Vg and
of the 2.5-sensor it is 1.5 Vg . The voltage output U can be
calculated using Equation (1).
R·S =U

(1)

The data was amplified by a factor of A=3000. Therefore,
both sides of Equation (1) have to be multiplied by A.
This leads to Equations (2) and (3).
V
· 3000 = U3g = ±3600V
g

(2)

V
· 3000 = U2.5g = ±4500V
g

(3)

±3g · 1.2
±2.5g · 1.5

A CompactRIO-9014 with the module NI-9102 was used
for data acquisition during flight. It can process data with
a maximum voltage output of UcRIO =± 10 V. To get the
acceleration ranges for the sensors, following rule of proportion was used:

UcRIO
Figure 2. Damped part of the experiment module; top:
a - beam springs, b - boxes for electronics, c - acceleration sensor package and temperature sensors; bottom:
securing ring

U =R
R
1=
U
R · UcRIO
=
U

(4)
(5)
(6)

Equation (5) is conform to the conversion factor C from
voltage to acceleration. The results for the acceleration
sensors are given in Table 1 [4]. The acceleration sensors
are calibrated at a temperature of 295.15 K. They have a

Table 1. Voltage output and conversion factors
Sensor U [V] C [ Vg ]
5
3g
2 79
18
2
2
2.5 g
29
9
known temperature dependancy of 0.1 µg
K . Therefore, it
was important to measure the temperature during flight
and correct the acceleration data afterwards.

3.

EXPERIMENTAL DATA

During flight, the measurement time interval was 85 seconds. The data of the acceleration sensors had to be corrected with regard to the temperature. There was an averaged temperature of (274.35±0.20) K at the damped
case and an averaged temperature of (277.00±0.20) K
at the data acquisition platform. The temperature at the
data acquisition platform is higher than in the damped
case because it is near the CompactRIO-9014. The
CompactRIO-9014 has a relative high heat radiation. In
the next step, the resulting data had to be converted from
voltage to acceleration using the conversion factors described in Table 1. The converted data was analysed with
regard to time and to frequency. Acceleration with frequecies above 100 Hz are not analysed, because the error
of measurement of the acceleration sensor increases exponetially at frequencies over 100 Hz.

3.1.

Time Signals

At first, the accelerations in x- and z-direction over the
measurement interval of 85 s are compared. The accelerations in y-direction are not analysed because one of the
acceleration sensors in y-direction was destroyed during
flight. There were three interesting intervals during the
measurement time. The first ten seconds were needed to
open the clamping. There were two known influences
due to another REXUS experiment (BUGS) at t=22s and
t=56s. An interval between 55.5 s and 57 s was chosen
as an example for one influence from the BUGS experiment. The third interesting interval was an interval without known influences except the flight disturbances. An
interval from 10 seconds to 20 seconds was chosen to get
information about the average acceleration.
It took 5 seconds to engage the system (Figures 4 and 5,
top). In the process the measured acceleration decreased
to an average acceleration of approximately 300 µg in
the damped case and 100 µg in the undamped module
structure in x-direction (Figure 4, bottom). In z-direction
the acceleration decreased to approximately 200 µg in
the damped case and 300 µg in the undamped module
structure (Figure 5, bottom). These average accelerations
were reached after 5 seconds. At t=55.75 s the acceleration in x-direction of the undamped system increased to
approximately 500 µg. The acceleration in the damped

Figure 4. Acceleration in x-direction during flight.
The black curves represent the accelerations within the
damped system and the red curves represent the accelerations in the surrounding module structure. The diagram
at the top shows the acceleration during the first 80 seconds. The center plot shows the acceleration during the
second boom of the BUGS experiment and the diagram at
the bottom shows the average acceleration.

case increased to approximately 1,200 µg (both in Figure
4, center). Figure 4 (center) shows that these accelerations decreased to the average accelerations within 2.25
seconds. The three diagrams in Figure 4 do not support
the assumption of a successful damping. Therefore, further analysis is necessary. In z-direction the excitation
at 55.75 seconds in the undamped module structure is
approximate 1,000 µg. The acceleration in the damped
started with approximately 2,000 µg, increased to 5500
µg at 56.3 seconds and then decreased to the average acceleration till 58.0 seconds (Figure 5, center). As well
as the time signal in x-direction, the time signal in zdirection does not support the assumption of a successful
damping.

3.2.

Eigenfrequencies

A Fourier transformation was necessary to evaluate the
performance of the damping. Because of the rising measurement errors at 100 Hz or higher, only the frequencies below 100 Hz are taken into account. The eigenfre-

Figure 6. FFT of the oscillations between 0 and 100 Hz
(top) and 0 and 10 Hz (bottom) in x-direction: black is
damped and red is undamped

Figure 5. Acceleration in z-direction during flight.
The black curves represent the accelerations within the
damped system and the red curves represent the accelerations in the surrounding module structure. The diagram
at the top shows the acceleration during the first 80 seconds. The center plot shows the acceleration during the
second boom of the BUGS experiment and the diagram at
the bottom shows the average acceleration.

quency of the system should be lower than 5 Hz. Therefore, the frequencies from 0 to 10 Hz are examined in
detail. Figure 6 shows the results of the Fourier transformation of the time signals in x-direction from 0 to
100 Hz and from 0 to 10 Hz. The diagrams show that
there are higher amplitudes in the damped case than in
the undamped module structure. Using spreedsheet analysis, six maxima below 10 Hz are found. The appropriate
amplitudes are merged in Table 2. These amplitudes are
the eigenfrequencies of the damped case in x-direction.
There is a maximum peaking ratio of 2 at the first eigenfrequency of 1.6 Hz. From the fifth eigenfrequency of
8 Hz on this peaking ratio is lower than 1. This peaking ratio goes down to 0.2 at some points, for example
at 27.5 Hz. The peaking ratios were calculated using a
spreedsheet program and can be also estimated from the
diagrams in Figure 6. A peaking ratio of 0.2 is equivalent to a damping by 80 %. The average damping in
x-direction is approximately 75 to 80 %.
Figure 7 shows the results of the Fourier transformation
of the time signals in z-direction from 0 to 100 Hz and
from 0 to 10 Hz. The diagrams show that there are

higher amplitudes in the undamped module structure than
in the damped case with the exception of the first eigenfrequency. For the first eigenfrequency, the amplitudes
in the damped and in the undamped experiment part are
about the same size. Using spreedsheet analysis only 5
maxima below 10 Hz are noticeble. The appropriate amplitudes are merged in Table 3. These amplitudes are
the eigenfrequencies of the damped case in z-direction.
There is a maximum peaking ratio of 1 at the first eigenfrequency of 1.75 Hz. Then the peaking ratio decreases.
The peaking ratio goes down to 0.15 (=1·E −6 /6.5·E −6 ),
for example at 28 Hz. This peaking ratio is equivalent to a
damping by 85 %. But the average value is aproximately
65 %.

Table 2. Appropiate Amplitudes of the Fourier transformation in x-direction (frequencies below 5 Hz)
Frequency
1.6 Hz
3.2 Hz
4.8 Hz
6.4 Hz
8.0Hz
9.6Hz

System
damped
undamped
damped
undamped
damped
undamped
damped
undamped
damped
undamped
damped
undamped

Amplitude
1.7·E −5 g
9.0·E −6 g
1.2·E −5 g
3.0·E −6 g
9.0·E −6 g
8.5·E −6 g
6.4·E −6 g
6.0·E −6 g
6.3·E −6 g
6.5·E −6 g
4.0·E −6 g
5.0·E −6 g
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Figure 7. FFT of the oscillations between 0 and 100 Hz
(top) and 0 and 10 Hz (bottom) in z-direction: black is
damped and red is undamped

Table 3. Appropiate amplitudes of the Fourier transformation in z-direction (frequencies below 5 Hz)
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6.
Frequency
1.75 Hz
3.5 Hz
5.25 Hz
7.0 Hz
8.75 Hz

4.

System
damped
undamped
damped
undamped
damped
undamped
damped
undamped
damped
undamped

Amplitude
5.5·E −6 g
5.5·E −6 g
4.5·E −5 g
6.9·E −6 g
3.5·E −6 g
4.5·E −6 g
3.0·E −6 g
5.2·E −6 g
2.8·E −6 g
5.4·E −6 g

CONCLUSION

During the last two years the passiv damping experiment
Vibra-Damp was developed. The system has been tested
on the REXUS 7. The performance of the damping in
y-direction could not be analysed, because of one broken acceleration sensor. In x- and z-direction a very good
resonance behaviour was shown. For exciting frequencies from 10 to 100 Hz, an averaged damping of 75-80 %
in x-direction and of approximately 65 % in z-direction
was observed. The damping at frequencies above 10 Hz
is lower than the expected one of 95 %. A possible reason for this effect is an additional damping due to the
mounted cables. The asymmetric allocation of the cables
and the resulting different damping effects in x- and zdirection explain the different damping behaviours in xand z-direction. To minimize the additional damping, additional research is necessary.
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