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ABSTRACT
This paper presents the test findings related with use
of MoS2 dry lubricated bearings in the high accuracy
pointing actuator used for an antenna pointing
mechanism.
During the latest KDA development, in the scope of
GSTP programme funded by ESA, several MoS2
lubricated drive-line characterization tests were
performed. Many different parameters were
recorded and analysed.
Throughout tests where dithering motion was
commanded, an accumulation of the lubricant debris
was manifested and observed as a pointing error
perturbation. Due to the inherent play of the driveline, passing over the irregularity has caused the
pointing disturbance expressed in an acceleration of
the driven inertia load.
PRODUCT OVERVIEW
1.1. ANTENNA POINTING MECHANISM (APM)

actuators are supported by the APM structure L-bracket.
The K-band reflector antenna is connected to the
elevation stage via the antenna bracket. In addition the
antenna provides interface to the RF feed network that
incorporated a rotary joint for each axis of rotation. The
RF feed network is routed through the hollow shafts of
the elevation and azimuth SRAs.
A twist capsule serves as the rotary signal transfer and is
located below the azimuth mechanism. It provides the
interface to the S/C and serves as support for the hold
down and release mechanism (HDRM) bracket. The
HDRM is necessary to meet the frequency requirements
and to reduce the loads induced on the preloaded main
bearing in the azimuth SRA. The APM is illustrated in
Figure 1 and its performance is summarized in Table 1.
Up to date the APM QM is assembled and is undergoing
the qualification test campaign.
Parameter
Frequency range

Value
25.5-27.0
2
channels
RF power capability
of 70 W
each
Gain
31
Power consumption
20
Mass
<7.2
Table 1. APM summary table

Unit
GHz
dBi
W
kg

1.2. SMALL ROTARY ACTUATOR
The azimuth and elevation stages of the APM are
comprised of the same rotary actuator. The SRA is a
compact and lightweight unit with a hollow shaft
allowing feed through for the RF wave-guide and
harness from the twist capsule.

Figure 1. Antenna Pointing Mechanism axis definition
The APM consists of two drive actuators (SRA)
arranged in elevation over azimuth configuration. Both

Besides the drive performance, the design focus was to
achieve a simple and reliable design with maximum
similarities between azimuth and elevation mechanisms.
The mechanism features a built-in end stop allowing for
a limited range of motion of 370° for EM and 380°
targeted for EQM. The main bearing supporting the
output shaft is hard preloaded. The intermediate stage
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ball bearings are soft preloaded with a dedicated spring
providing required preload. The mechanism is driven in
an open loop by a stepper motor and the starting
position upon initialization is determined by an accurate
redundant position sensor located at the output shaft of
the mechanism. The MoS2 dry lubricant was selected in
order to limit outgassing (APM is usually located in a
close proximity to optical instruments at the S/C nadir
panel) and due to its exceptional frictional properties
over a wide range of temperatures in vacuum [1].
The drive-line components have been designed and
selected in order to meet an exceptionally extended life
of minimum 216000 qualification cycles at the output
shaft. The SRA cross-section is presented in Figure 2.

The performance of the actuator is summarized in Table
2. Up to date the engineering model is being
disassembled for an inspection after functional,
vibration, TV and life testing and qualification models
are being integrated into the APM.
Value
20
5
±190
<0.033
<0.15

Mass
<2.2
Table 2. SRA summary table

During one of the tests targeted to characterize backlash
a sequence of reciprocating motions was executed. The
actuator was commanded in an open loop mode based
on the motor step counter. In order to achieve the
commanded positions, the same amount of µsteps were
stepped in each direction. The number of µsteps was
calculated based on the stepping mode, gear ratio and
number of full steps per motor revolution. An example
of ±2° motion cycle is presented in Figure 3. The
difference between positions A, B and B, C determines
the measured backlash at a position where direction of
motion is reversed.

Figure 3. Reciprocating motion profile example (a
single repetition)

Figure 2. Small Rotary Actuator cross-section

Parameter
Design max speed
Design max acceleration
Design range of motion
Stepping resolution(full step)
Pointing accuracy

TEST DEFINITION

Unit
°/s
°/s2
°
°
°
kg

After oscillations of ±2° amplitude an additional
sequence of ±5° and ±10° amplitude tests were
executed. The cycle presented in Figure 3 was repeated
10 times at several positions of the output shaft of the
mechanism and for each amplitude. The tests were
performed at low speeds and accelerations in order to
mitigate dynamic effects on the measured play in the
driveline.
The amplitudes of motion were below the ball travelling
distance resultant from the NBPI/NBPO [2] for the main
bearing.
That implies that the generated debris should not be
overridden by any roller of the ball bearing during the
small oscillations. The key frequencies of interest are
presented in Table 3. The adequate preload prevented
ball bearing from sliding on the ball bearing races. Once
the amplitude of oscillation was changed and new test
was executed the bump generated in a previous
amplitude run was expected to be encountered. The test
setup with a dummy inertia load, optical encoder and
torque sensor mounted between the specimen and base
plate is presented in Figure 4.

Parameter
Number of balls in the bearing

Value
32

Ball diameter
5,6
Pitch diameter
73,5
Contact angle
30
NBPO/rev
15
NBPI/rev
17
Table 3. Main bearing properties

Unit
mm
mm
°
-

Figure 5. Pointing perturbation example visible after
small oscillatory motion

Figure 4. SRA in a glove box with dry N2 atmosphere

RESULTS
During the test a small positioning perturbation, in
proximity of the expected bump formation, was
observed. An example perturbation reading recorded by
an optical encoder is presented in Figure 5. The
presented disturbance was encountered when executing
tests with oscillations of ±5° preceded with ±2°
amplitude motion. The similar phenomenon was
observed for ±10° motion and at different output shaft
positions where the test was conducted.

The plot clearly shows that the output shaft position is
lagging behind the commanded position. That is a result
of backlash in the driveline.
Then the output shaft accelerats and overcomes the
backlash in proximity of the expected debris bump
formations. As can be seen, the accelerated motion was
limited to the amount of the free play in the mechanism
(mainly contributed by the final stage gear mesh
backlash).
In the location of perturbation following characteristic
phases can be identified:
 movement acceleration – the output shaft
accelerates and overcomes the backlash;
 contact with an opposite tooth flank. During
this stage another side of the driven gear tooth
is engaged and tries to drive the driving pinion;
 finish of the perturbation and idle for the
originally driving tooth flank side to mesh-in
and drive the final gear;
 continuation of the motion.
Similar behaviour was observed every time a
reciprocating motion of small amplitude was performed
i.e. in presented backlash test or end-stop hit event when
range of motion was determined.
The test was performed on the EQM models of the
mechanism and congruent results were observed in
locations where perturbations were evoked.
As expected [3] it was observed that running over the
accumulated MoS2 debris formation was slowly
diminishing the formation and its adverse effects until
finally dissipated. An example of registered evolution of
the debris formation, over different number runs is
presented in Figure 7.

profile presented in Figure 3, namely decreasing slope
prior (B) (Figure 10) and increasing slope prior (C)
(Figure 12). The pointing error for the remaining two
slopes was mainly dominated by the backlash and
transmission errors (Figure 9 and Figure 11)
In addition it was observed that number of runs needed
for perturbation to disappear, as a consequence of
smoothing the generated MoS2 bumps, varied from test
to test.

Figure 7. Decline of perturbations - test results
Overriding the bump formations should increase the
parasitic torque of the ball bearing. An increase of the
internal torque of the mechanism was not expected to be
as pronounced as the torque exported due to the
additional acceleration/deceleration of the inertia load.
The recorded torque during the test corresponding to the
phenomenon described by Figure 7 is presented in
Figure 8.

Figure 9. Pointing perturbations at 1st increasing slope

Figure 8 Exported torque reading

Figure 10.Pointing perturbations at 1 st decreasing
slope(returning slope)

A clear increase of the exported torque is visible in
areas of the additional acceleration of the output shaft.
After few cycles, the increase related with the bump
formation has returned to its previous characteristic
once the bumps have been smoothed out and declined.
The similar behaviour has been observed both for the
EM and EQM of the SRA. The figure presents a clear
period of the output shaft idling (every 2nd slope
presented in Figure 7). It is visible as a period of
significantly smaller than regular torque disturbance
recorded by the sensor. Interestingly, the analysis of
data from performed tests, both for EM and EQM units,
has shown that perturbations were not always visible
after the test sequences. In case, they were registered,
they were encountered on the returning slopes of the

Figure 11. Pointing perturbations at 2 nd decreasing
slope

the accumulated spring energy in the drive-line or by
the characteristics/shape of the debris formation or by a
combination of those two. The test results and
knowledge gained during testing of the engineering
model will then be confronted with the results from the
qualification model of the APM.
REFERENCES
1.

Spalvins T, Lubrication with Sputtered MoS2
Films: Principles, Operation, Limitations (1991),
Lewis Research Center

2.

Conley P.L (1998), Space Vehicle Mechanisms:
Elements of Successful Design, John Wiley &
Sons, Inc. pp.297

3.

Hilton M.R, P.D. Fleischauer (1994), Application
of Solid Lubricant Films in Spacecraft

Figure 12. Pointing perturbations at 2nd increasing
slope (returning slope)

LESSONED LEARNED AND CONCLUSIONS
Several conclusions were drawn from the tests:
 the performed tests has built confidence in the
design and performance of the SRA
mechanism;
 even a small number of oscillations were
sufficient to generate the MoS2 debris bumps;
 the positioning perturbation is limited to a the
backlash in the mechanism and did not cause
any additional pointing deviations;
 it was confirmed that debris formation
diminishes over time being levelled by passing
over ball bearing rolling components;
 It was experienced and measured that the
perturbation related with overwriting the
bumps can cause a small increase in torque
disturbance due to acceleration of the driven
load. It is mainly linked with the impact of the
opposite flank after the acceleration phase of
the perturbation. The increase is transient and
exported torque returns to its initial state after
the bumps are smoothed out;
 The bumps can be generated by different types
of dithering motion i.e. fine pointing motion or
small oscillation caused by the launch
vibrations as well as continuous drive into an
end-stop.
WAYFORWARD
Apart from the performed investigation, extra tests on
the ball bearing are going to be performed as a part of
the qualification campaign of the APM in order to check
if the phenomenon can be triggered and observed on
another produced units and ball bearings. The additional
2 units (EQMs) will be tested integrated in the antenna
pointing mechanism in order to obtain confidence and
fully understand the phenomenon. Especially,
understand if the perturbation is caused by a release of
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