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ABSTRACT

1. GENERAL SPECIFICATIONS

Since 23 years the development of Electric Propulsion
Pointing Mechanisms for telecom and scientific satellite
applications is a key-product activity for RUAG Space
in Vienna.

The main functions of the mechanism are:
- support the thruster during launch and protect it
from launch environment.
- deploy and point the thruster in orbit.
- ensure thermal environment for the thruster.
- provide thruster supply lines for Xenon gas and for
electrical power.
- protect the thruster supply lines from the in orbit
environment, including micro-meteorite
environment.

As one of the most innovative EP pointing mechanisms
developed this paper presents the Electric Propulsion
Mechanism (EPPM) for the Spacebus Neo Platform of
Thales.
The design-driving requirements are:
- the pointing capability under high resistive torque
coming from the thruster supply harness, the thruster
supply piping, and the mechanism harness. The resistive
torques are minimized by a helical arrangement of the
supply pipes, the mechanism harness and the thruster
supply harness. A high detent torque actuator is used to
maintain pointing direction in unpowered condition.
- the bi-compatibility of the mechanism to two thruster
types, the Fakel SPT-140 and the Snecma PPS-5000,
- the high shock sensitivity of the thrusters. The
mechanism has not only to point the thruster in orbit,
but also to protect it against the vibration and shock
loads during launch. A low Eigen-frequency of the
mechanism/thruster sub-assembly of around 90 Hz was
selected to minimize shock load transmission into the
thruster. To sustain the sine input with such low Eigenfrequency an elastomer damping system is implemented
which minimizes amplification in this frequency area so
that the sine input can be sustained by the mechanism
and the thruster. The measured amplification of about 4
in the mechanism main mode turned out to successfully
protect the thruster from the launch vibrations.
- the thermal load on the mechanism from the
dissipation of the thruster and from solar radiation. A
staged temperature zone concept was selected,
separating different temperature zones, and keeping the
thermally sensitive elements in their operating
temperature ranges, allowing also placement of the
temperature sensitive Xenon flow controller close to the
thruster.

The EPPM is bi-compatible to the Fakel SPT-140 and
the Snecma PPS-5000 thrusters. It accommodates the
Xenon flow control unit of the thruster. The unit has a
mass of less than 20 kg. The needed volume for the unit
in launch configuration is approx. 570 mm x 570 mm x
375 mm. The first main mode of the unit is at 90 Hz.
Axis 1 pointing range is 0…120°, axis 2 pointing range
is ±35°.
2. DESIGN CONCEPT
The EPPM consists of the ‘pointing mechanism’ and the
‘thruster head’.
The ‘pointing mechanism’ performs the pointing
function and forms the in-orbit deployed load path. Two
perpendicularly arranged actuators allow deployment
and pointing of the thruster around two independent
axes. Each axis has its dedicated section of flexible
harness and piping allowing supply of the thruster and
routing harness to the movable mechanism parts.
The ‘thruster head’ forms the launch load path for the
thruster and consists of a structure supporting the
thruster anode, the thruster cathode, the Xenon Flow
Controller (XFC), active and passive thermal control
systems, the interface to the launch lock devices, and
the interface to the pointing mechanism. The stationary
part of the mechanism incorporates two launch lock
devices. The launch lock devices are symmetrically
arranged.
All electrical parts of the mechanism are redundant. The
thruster supply lines and the mechanism harness are
shielded to withstand ionizing radiation and micro
meteorite and orbital debris (MMOD) exposure in orbit.

_____________________________________________________________________________________________
Proc. 18. European Space Mechanisms and Tribology Symposium 2019, Munich, Germany, 18.-20. September 2019

Interfaces for mechanical ground support equipment
allow handling of the unit in locked configuration.
Zero-g devices can be attached to the thruster head to
allow on-ground operation.
The following figures present the EPPM in stowed and
in deployed configuration.

3 POINTING MECHANISM
The pointing mechanism forms the deployed load path
for thruster pointing and consists of two actuators SA15
equipped with end switches, and the flexible harness
and piping routings.
3.1. High Detent Torque Actuator
For deployment and pointing the EPPM is equipped
with two RUAG actuators SA15. The Small Actuator
(SA15) consists of a permanent magnet high detent
torque stepper motor, a planetary gear, and high-load
output bearings.

Figure 1. Electric Propulsion Pointing Mechanism
(EPPM) in launch configuration with SPT-140 thruster
mass dummy.
Figure 3. High Detent Torque Actuators SA15
The actuators point the thruster with high resolution of
0.006°. The motor of the SA15 is a high detent torque
permanent magnet motor type NEMO. High detent
torque is necessary for this mechanism to withstand the
high back-driving torque from harness and piping in
unpowered condition. The gear of the SA15 consists of
4 planetary gear stages. The low mass of the actuator of
690 g, together with its high load capacity of 90 g quasistatic load allow sustaining the dynamic loads on the
pointing mechanism which supports the thruster supply
piping and the high power thruster harness.
The phase resistance of the NEMO motor is selected to
match the product’s needs. For the EPPM a phase
resistance of 118 Ω was selected to keep the dissipated
heat during operation below 6 W while still providing
ECSS-compliant motorisation under any operating
condition. To verify the dynamic behaviour of the drive
train a discrete dynamic analysis of the drive train,
including the inertia of the attachment was performed.
The actuator is fully ECSS-compliant.
3.2. Harness and Piping

Figure 2. Electric Propulsion Pointing Mechanism
(EPPM) in deployed configuration with SPT-140
thruster mass dummy.

A harness and piping design is developed to provide the
thruster with Xenon gas and electrical power as well as
the mechanism with electrical power on ground as well
as in orbit. The harness and piping consists of static and
flexible sections.
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The design driving requirements for the harness and
piping routing concept are:
- the pointing angle of up to 120°. Harness and
piping are routed around each axis separately.
- the allowable back-driving torque of the harness
and piping on the actuator. Back-driving torque is
minimized by multiple turns of helical harness
routing.
- the thermal environment. The power dissipated by
the thruster harness during thruster operation is
significant. The harness and pipe are kept within
their allowed temperature ranges via active and
passive thermal hardware.
- the ionizing radiation environment. In order not to
exceed the allowable total ionizing radiation dose
for the insulation of the electrical cables aluminium
shielding is implemented.
- the micro meteorite and orbital debris (MMOD)
environment. The protection against MMOD is
based on a multi-material and multi-layer shielding
in combination with a defined offset of shielding
layers from the harness and piping lines.
The flexible piping and harness routing follows a
generic design concept used in previous RUAG Electric
Propulsion pointing mechanisms. The lines are arranged
in helical routing within a cylindrical housing. This
concept allows Stainless Steel and Titanium Alloy
piping materials. Various types of electrical cables are
compatible with this generic concept.
The application of this generic concept on the flexible
piping and harness of the EPPM was validated and
torque performance was quantified by early breadboard
testing. For this breadboard testing the harness routing
for the more critical axis which is the deployment axis
was tested. Breadboard testing included radiation testing
and life testing in thermal vacuum environment. The
electrical performance, the resistive torque and the
hysteresis torque were measured.
Mechanical, thermal and ionizing radiation analyses
were conducted for the harness and piping routing
elements. Qualification testing of the harness and piping
was conducted on mechanism level within the assembly
qualification test.
RSA holds a patent for the piping routing concept.
4. THRUSTER HEAD

frequency range from 250 Hz to 600 Hz. The
attenuation system provides amplification of about 4 in
the mechanism main mode and reduction of input in the
frequency range of 250 Hz to 600 Hz. The attenuation
system also reduces shock inputs from the spacecraft to
the thruster in the frequency range from 500 Hz to
10000 Hz.

Main mode at 90 Hz
with amplification of
factor 4
At 250 Hz to 600 Hz reduction of
input via because of filtering

Figure 4. Resonance Search in lateral direction

Main mode at 200 Hz
with amplification of
factor 4
At 250 Hz to 600 Hz reduction of
input via because of filtering

Figure 5. Resonance Search in out-of-plane direction
More information about vibration test and shock test
result is provided in the test section of this paper.
The attenuation system is also used for reduction of
shock at the thruster interface produced by release of the
release devices of the hold down and release
mechanisms.

4.1. Attenuation System
To de-couple the dynamic mechanical environment of
the thruster from the dynamic load input coming from
the spacecraft the mechanism is equipped with
Elastomer dampers. The attenuation system is designed
to a first fundamental mode of about 90 Hz in lateral
direction and 200 Hz in out-of-plane direction. This is
required because of the sensitivity of the thrusters in the

Figure 6. HDRM Release Shock at thruster interface
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4.2. Thermal Design
The thermal design is driven by the following extreme
conditions:
-

-

Hot case with exposure to sun, continuous Thruster
operation of two adjacent EPPMs and motors on for
up to 6 minutes.
Cold case: Steady state cold, no fluxes.

The following figures present the pointing test results
for axis #1 and for axis #2 of the qualification model.

Axis #1 deployment up to 120°
Deviation up to 0.2° is a systematic deviation and is
compensated by a look-up table.

The thermal hardware is designed to keep the thruster
anode and the cathode within their operating
temperature qualification ranges. It also keeps the
Xenon Flow Controller (XFC) which is located close to
the thruster in its significantly lower qualification
temperature range.
Axis #2 pointing from -35° to 35°

This is achieved by the following components:
-

-

-

Thruster thermal radiation shield for cooling of the
thruster when the Thruster is active compliant to a
temperature of up to 220°C.
XFC thermal radiation shield for cooling of the XFC
when the thruster is active.
Heating of thruster when the thruster is off and in
cold environment via high temperature heaters and
high temperature thermistors for input to the control
electronics. The high temperature heater assemblies
and high temperature sensor assemblies for
temperature up to 240°C were developed within this
project.
Thermal radiation shields on the mechanism.
Heaters and sensors for anode, cathode, XFC, Xenon
Tubing and Actuators.
Multi-Layer-Insulation (MLI) coverage of the whole
mechanism except dedicated thermal radiation
shields.

Figure 7. Pointing accuracy for axis #1 and axis #2
The measured deviation for pointing with axis #1 is
0.2°. This is a systematic deviation and was expected.
This angle will be corrected by a look-up table, which is
recorded during testing.
The measured deviation for pointing with axis #2 is as
small as 0.05°. No Look-up table is required for axis #2
because this high accuracy
5.2. Launch Environment Tests
Sine and random vibration testing was successfully
performed in all 3 directions.

5. TEST RESULTS
5.1 Performance Tests
The EPPM was qualified by a full qualification test
campaign on a dedicated qualification model.
Qualification testing started with initial electrical I/F
checks, bonding and isolation tests and physical
properties tests.
Pointing angle is measured with a measurement
accuracy of 0.02°.
The EPPM allows pointing in 1g environment in any
direction by the use of zero gravity devices which are
just simple counter masses on dedicated levers for
balancing of both actuator axes. These devices allow
pointing with high accuracy also during thermal vacuum
testing.

Sine testing is
performed at 15 g
input. In the Eigenfrequency range at
around 90 Hz notching
to about 7 g is
performed.

Figure 8. Sine input loads (blue) and response load at
the Thruster (black)
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Random vibration testing was performed with an input
spectrum of 8.3 grms.

Shock response at the Anode is highly reduced by
the attenuation system = blue curve

Figure 12. Shock response shock load at the Anode in
lateral direction
Similar results were measured for the out of plane
direction.
5.3. Thermal Vacuum Tests
Figure 9. Random input load (green) and response
loads at the Thruster (black)
Random testing confirmed effective load reduction to
the thruster by the EPPM’s attenuation system.
Shock testing was performed on a shock table with
ringing plate at RSA environmental test facility. The use
of the Elastomer damped attenuation system leads to
low shocks transmitted to the Thruster.

Thermal vacuum testing was performed using
representative dummies to simulate the EPPM interface
temperature for anode, cathode and XFC.
The Anode dummy was brought up to 267°C, the
cathode to 232°C and the XFC to 90°C qualification
temperature with a temperature change rate
representative to the analysed orbital load cases. The
thruster harness was operated with representative
current.

TAnode from -30°C to
267°C (blue)

TCathode from -30°C
to 232°C (green)

TXFC from -30°C to
90°C (magenta)

Figure 10. Shock Test set-up on the ringing plate
Figure 13. Thermal cycle from cold to hot
Heater operation was tested under cold case for
verification of keeping Anode, Cathode, XFC and
piping to required temperature and function check of all
temperature sensors.
Shock input at
mechanism / S/C
interface = green
curve

Figure 11. Shock input load at the mechanism to S/C
interface in lateral direction

The environmental testing included also pointing
performance testing at hot and cold temperature as well
as hot release and cold release of the hold down and
release mechanism.
Life testing at hot and cold temperature was performed
successfully in thermal vacuum environment.
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Motorisation margin testing confirmed ECSS-compliant
motorisation over the full temperature range.
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Figure 14. FMs deployed in TV test configuration

6. SUMMARY AND CONCLUSION
The Electric Propulsion Pointing Mechanism for the
Spacebus Neo Platform of Thales supports an Electric
Propulsion Thruster Snecma PPS-5000 or Fakel SPT140 in stowed configuration during launch, by means of
a dedicated Hold-Down and Release Mechanism
(HDRM). Upon its release, the Pointing Mechanism can
deploy by 120° and tilt by ±35° around two
perpendicular axes. This motion is facilitated by two
geared rotary actuators.
The low mass high detent torque actuator RUAG SA15
is used for the pointing drives, and a low resistive
torque routing of the thruster supply harness, the
thruster supply piping, and the mechanism harness was
designed.
An Elastomer based attenuation system protects the
thrusters from the launch loads. An amplification of 4 in
the mechanism main mode could be realized.
For the thermal control of the thruster and the flow
control unit which is accommodated close to the
thruster, but has significant different operational
temperature range a sophisticated thermal concept was
developed, including the development of high
temperature heaters and thermistors.
Straight forward development was well supported by
the clear, concise and stable equipment specification
and by quick and clear responses of the customer during
collaborative development phases.
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Qualification testing on a dedicated qualification model
confirmed the proper function of the mechanism. The
first 4 flight models were produced and delivered 2018.
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