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Figure 1. 3POD Mechanism 

 

ABSTRACT 

The constant increase of data generated by Earth 

Exploration Satellite Systems leads to strong 

requirements on data volumes downloaded to the 

ground. The CNES strategy for the next generation of 

High Data Rate Telemetry is to reuse a maximum of 

current X-band stations. A CNES technological 

program 'OTOS' was committed in 2011 to develop and 

demonstrate key technologies for a new generation of 

optical observation satellites system ('Pléiades' follow-

on system), among them in particular an active 

telescope demonstrator. A part of the program was 

allocated to HDRT developments including an 

innovative Antenna Pointing Mechanism (APM). A 2 

Gbps (average) data rate is targeted with an available 

bandwidth of 375 MHz on two polarizations 

The 3POD Antenna Pointing Mechanism (APM)  

specificity is its parallel architecture concept that has 

several advantages compared to classical gimbal 

assemblies. The APM 3Pod is made of 3 identical arms 

motorized by 3 rotary actuators specifically developed 

for this application. This architecture allows a low 

mobile mass ensuring low mechanical jitter exported to 

the spacecraft; it is therefore possible to perform 

Telemetry downlink during imaging phase. 

This paper exposes the results achieved during the end 

of the design phase, concluded by the Critical Design 

Review (CDR), and the following MAIT phase leading 

to the APM qualification, partly achieved today. 

Besides the description of the qualification logics and 

associated methods leading to the performances 

demonstration, a specific attention is brought to the 

encountered problems and the way to solve them.  

 

DESIGN DESCRIPTION AND GENERAL 

PERFORMANCES 

The Antenna Pointing System (APS) is designed for X-

band: it allows a dual polarization transmission with an 

in-axis gain above 20 dBi, with an (average) input RF 

power up to 10 W per polarization. This APS is 

developed with an industrial consortium led by CNES, 

and including COMAT-Aerospace as a prime contractor 

for the Antenna Pointing Mechanism including the 

mechanical, thermal and electronic parts:  

- Pointing Mechanism  and electronics (COMAT 

Aerospace), 

- RF parabolic X-band antenna (COBHAM), 

- RF coax harness (AXON + COMAT), 

 

In addition of the three identical arms and actuator, the 

APM is composed of a RF subsystem including an 

innovative helical routing of a two coax-cable harness 

located in the centre of the APM. The 3POD kinematic 

allows a stowed position and a HDRM implementation.  

 

General performance 

The 3POD mechanism ensures three degree of freedom 

to the RF antenna fixed on the mobile plate: an 
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elevation of +/-74°, an azimuth orientation of 360° and 

a radial translation used for the stowed position. The 

Antenna Pointing System (APS) including its thermal 

protection and the RF sub-system is included in a sphere 

of 480mm (see figure below). The 3POD general 

performance based on the mission specification is given 

in the table below.  

Figure 2. 3POD design description and volume 

 

Table 1. 3POD General performances 

Performances Values Commentary 

Elevation +/- 74°  

Azimuth 360° (multiturn)  

Pointing precision < 1°  

Pointing resolution <0.02°  

Max angular velocity 5°/s Elevation with ECSS margin 

Life time  10 years  

Thermal environment [-150°C ; +150°C] On deployable mast 

Jitter Mz, Mt = 0.01N.m / Fz = 0.02N & Ft = 0.05N Measured on BBM 

Vibrations In plane : 9.83grms / Out of plane: 14.36grms ECSS specification 

Shocks 1500g @ 2000hz  

RF performance (gain) >19 dBi @ < 3° of antena axis  

Max RF power (average input) 10 W / polarization  

Isolation between polarization >20dB  

Axial ratio <2.3dB @ < 3° of antenna axis  

Radiation 20 Krad  

Mean Power consumption 22W  

1.5W 

In tracking mode (15% of the life time) 

In standby mode (85% of the life time) 

Mass 8.5Kg Incl. Thermal protection w/o electronics 
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APM’s Arm description 

The APM’s arm is made of 4 identical ADR 

superduplex bearings linking them together by structure 

in titanium painted in white. Because of the harsh 

thermal environment, the bearings are lubricated thanks 

to a MoS2 PVD coating. Ball-bearings were qualified 

through a full qualification sequence on one dedicated 

QM pair including vibrations, thermal cycling and ultra-

high vacuum lifetest.  

 

 
Figure 3. 3POD arm 

 

APM’s Actuators 

The APM’s actuator has been developed to answer to 

the 3POD technical specification. Nevertheless, the 

qualification has been thought to be as generic as 

possible to anticipate potential future applications. 

The APM actuator is composed of:  

• A stepper motor 27PP from SAGEM 

• A double guiding ADR bearing in order to 

reduce the actuator volume and to simplify the 

integration. Both bearings are fluid lubricated 

by oil Nye 2001a and Maplub SH051a 

• A harmonic drive reducer of 30 that provides 

the best compromise between speed and output 

torque while optimizing the actuator volume 

• An optical encoder (7 bits) from Codechamp, 

used to initialize the APS and secure the 

piloting domain, the actuator being piloted in 

open loop. 

 

 
Figure 4. 3POD actuator 

 

Its general performances are listed below:  

 

Table 2 : APS actuator performances 

Performances Values Unity 

Motor step 1 ° 

Output actuator step 0.033 ° 

Reduction radio 30  

Output actuator torque 

(3POD needs) 

3.2 N.m 

Output actuator velocity 

(3POD needs) 

Up to 2 Rpm 

Holding torque (supplied, 

under 0.7A) 

20 N.m 

Detent torque (not supplied) 1 N.m 

Operational temperature 0/85 °C 

Non-operational temperature -40/85 °C 

Mass 1.2 kg 

Volume Ø89 x 101 mm 

 

One of the design challenges was to solve the thermo 

elastic stress generated at the interface between the 

titanium motor stator and the aluminum actuator casing, 

impacting the mounting screw margins. The Aluminum 

was first selected to respond to the dissipation needs. A 

trade-off on the casing material finally selected the 

ALSi50 (alloy of Aluminum and Silicon) for its thermal 

conductivity (close to the Aluminum) and its thermal 

expansion coefficient (close to the Titanium).  

Consequently, a hollowed Cube2 ring was implemented 

between the actuator casing and the Aluminum 3POD 

base plate (see figure below) to compensate the thermo 

elastics stress submitted by the interface screws. 

 

Dry 

lubricated 

ADR 

superduplex 

bearing 
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Figure 5. APS actuator 

 

 

APM’s RF harness and HDRM 

The RF harness carries the RF signal from the satellite 

to the RF antenna following the APM movement. It 

includes an innovative helical routing of a two coax-

cable harness located in the centre of the APM. The 

APM kinematic and RF harness architecture allow a 

stowed position and a unique HDRM implementation 

(PYROSOFT). It is composed of the following 

components: 

• 2 thermoformed RF coaxial cables from 

AXON  

• A metallic spring (the “Slinky”) that guides the 

cables  

• Clamps 

• Flexible blades 

 

 
Figure 6. RF harness description 

 

The clamps and the slinky guide the harness during 

tracking movements to prevent any collision. Moreover, 

both allow a better locking positioning. There geometry 

has been optimized both for collision limitation and 

stress limitation in the harness. Practically, the slinky is 

designed with a variable spire to spire distance scheme 

that limits the collisions due to the 3POD rotation center 

shift, and the clamps geometry follows a helicoidal 

trajectory that prevents stressing the cable when 3POD 

in in stowed position.  

The coaxial cables provided by AXON Cables are 

thermoformed to generate the lowest possible effort in 

the 3POD stand-by position (position showed in the 

figure above).  

As the APM has two points of contact in stowed 

position (at the HDRM column and at the clamps level), 

flexible blades avoid any positioning hyperstatism.  

 

X-band antenna 

The APS antenna is a parabolic reflector antenna. The 

source is designed as two crossed dipoles surrounded by 

a subreflector. To generate the dual circular 

polarization, the crossed dipoles are fed by a 3dB hybrid 

coupler which is made using a full-metal bar-line 

technology. The source is protected by a radome made 

of PEEK material which is attached to the source core 

 

 
Figure 7. X-band antenna EQM manufactured by 

COBHAM antenna 

 

3POD and actuator MAIT  

Most of the mechanical parts have been manufactured 

and integrated in the COMAT premises. Every 

component and assembly identified as sensitive to the 

particle contamination have been assembled in the 

COMAT ISO 5 clean room.  

A key assembly operation is the adjustment of the 

optical encoder mechanical reference. This has been 

performed using an optical tridimensional control 

machine located in the ISO 5 clean room. This control 

mean allows a very precise location of the encoder rotor 

beside the stator (down to 1µm).  

The figure below shows the encoder zero calibration 

Hollowed 

Cube2 ring 
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adjustment done on the elementary actuator with the 

verification done with a zoom taken by the optical 

control machine.  

 

 
Figure 8. Optical encoder calibration using the ISO 5 

optical control mean 

 

Using the same control mean, the motor air gap has 

been guaranteed with the high precision. The figure 

below shows a picture of a stepper motor tooth and how 

the control mean is used.  

 

 
 

 
Figure 9. optical control mean (up) tooth zoom (down) 

 

ACTUATOR ELEMENTARY QUALIFICATION 

An elementary actuator is currently in qualification 

campaign (lifetest is processing). The actuator has 

undergone the following test:  

• Performances checking :  

(All along the qualification campaign) Positioning 

precision, motorization margin, encoder precision 

and reversibility torque.  These verifications have 

been made with a test bench equipped with a 

torque meter from SCAIME, a hysteresis brake to 

represent the resistive torque based on 3POD 

needs and a high resolution encoder from 

Codechamp.  

 

 

 

 

 
Figure 10. Actuator performance test bench 

 

• Vibrations : Based on the 3POD interface level 

(16grms in rotation axis, 4grms and 9grms in the 

transversal axis). A mass representative of the 

efforts generated by the 3POD has been mounted 

at the output of the actuator as shown in the figure 

below:  

 
Figure 11. APM actuator vibrations test configuration 

 

• Shocks: 3 shocks per axis with a SRS up to 1500g 

@ 2000hz. The test was performed in CNES 

facilities 

 

• Thermal cycle:  

The test has been piloted by the TRP temperature 

and achieved for: 

o NOP Hot : 79°C < TRP < 85°C 

o NOP Cold : -33°C < TRP < -40°C 

o OP Hot : 79°C < TRP < 85°C 

o OP Cold : TRP @ 0°C 

 

Ultra-High Vacuum (UHV) Lifetest: Based on actual 

3POD requirements, the actuator will run multiple types 

of movement (little oscillations, ample movement at 

high and low speed) during 8 months (representative of 

Actuator 
Torquemeter 

Hysteresis 

brake 

Encoder 

 19 bits 
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10 years of life time). Moreover, the resistive torque and 

the thermal cycle are representative to the APS 

operational life needs as illustrated on figures 12 and 13.  

 

In addition to the actuator qualification, acceptance tests 

have been done on three other actuators that will be 

assembled on MPA EQM for the purpose of MPA 

qualication. Performances, vibrations and thermal 

cycling test have been run at acceptance level. The 

figure below shows the vibrations test configuration for 

the three actuators.  

 
TF : functional Test are done almost evry 10% of the UHV life time test 

Figure 12. Thermal repartition during the UHV life time 

test of the actuator 

 

 

 
Figure 13. Torque repartition during the UHV life time test of the actuator 

 

 
Figure 14. Actuator in the thermal cycling test configuration 

 

Figure 15. Vibration acceptance test of the three APS QM actuators 
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3POD MPA QUALIFICATION TEST PLAN 

The 3POD qualification implies a complex test 

sequence which requires ad hoc means and supporting 

devices to validate all the MPA performances. The test 

sequence is detailed in the following flow chart.   

  

 
 

Figure 16. 3POD qualification sequence 

 

• Functional tests aim at controlling the 

motorization margin of the three actuators by 

reducing the supply current until the motor stall at 

different positions of the pointing domain. It aims 

also at controlling the pointing speed, the 

initialization time, the power budget and the 

reversibility torque margin. Almost all of these 

verifications are done using a “good health” cycle 

that integrates specific part of the mission in term 

of speed and resistive torque given by the RF 

harness.  

• RF tests consists in measuring all S-parameters of 

the complete APS RF setup all-long the 

qualification sequence. A power handling test at 

APS level is currently being discussed. 

• 0G/1G pointing precision requires a specific test 

mean to measure it during the APM movement. A 

high precision HD camera is used to identify little 

patch stick at several location on the APM. 

Recorded images allow determining the pointing 

precision and the dynamic behaviour while the 

APM follows a pointing tracking consign. An 

inclinometer mounted on a dummy antenna is also 

used for calibration with the high HD camera for 

the thermal cycling test in deployed configuration. 

The 0G test is performed using a helium balloon 

supporting the antenna   

• µvibration is a one of the key characteristics of 

the APM. The expected low rejected level 

generated by the 3POD specific architecture is a 

major asset as compared to the standard 2 axis 

competitors.  

• Vibrations and shocks are based on the ECSS 

specification.  

• Cycling strategy, eight thermal cycles are done at 

stowed position with the following thermal 

objectives (qualification level): 

o Qualifying HDRM column  

o Qualifying thermal interface between RF sub 

system and the APM  

After the deployed test being done, eight 

thermal cycles at deployed position with the 

following thermal objective (qualification 

level) : 

o Qualifying all APS components except the RF 

Antenna (performed separately on the QM 

antenna)  

o The actuator temperature is piloted using its 

TRP. The goal is to check the temperature at 

its interfaces (with the structure and the arm) 

as the thermal qualification of actuator is 

done at elementary level  

o The RF harness success criterion is reach by 

powering it  

Between thermal cycles: electrical, functional and RF 

verification are done.   

 

• Life testing was tested using scenarios from actual 

Pleiades mission. The challenge was to simulate 10 

years of mission in a test of 8 months. Therefore, it 

has been decided to delete the stationary phases at 

standby position (around 20h/24h are spend in its 

position, therefore the DDV cycle last around 15h) 

then, to delete the stationary phases in the tracking 

mode (i.e. when the three motors do not have to make 

a move, we deleted the consign, the DDV cycle has 

been reduced down to 5.8h instead 15h). According to 

a mission analysis, around 30% of the typical days is 

spent at site 74°. The idea is to speed up movements 

spend on this site. It has been estimated to a DDV 

cycle time reduction of 20%. It will last 4.6h equals to 

a UHV lifecycle test of 1 year. It is still a bit too long 

to reach the 8 months. The extra reduction is achieved 

by speeding up the tracking movement at low speed, 

 RF checking and Functional test 

0G / 1 G precision pointing 

µvibration and Mechanical 

characterization deployed 

RF  checking and Functional test 

 

Vibration 

Shocks  

Thermal cycling stowed position 

Deployment test 

Functional test with precision 
pointing 

Thermal cycling deployed with 
pointing precision test   

 

Functional test including precision 

pointing and RF checking 
 

EMC / EMI  

Ambient and UHV life test 

including RF checking 
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resulting in a DDV cycle duration of 3.2h each and a 

total test duration of 8 months.  

 

A general issue was the non-reversibility of the 

actuator under gravity. There is a risk of damage in 

case of supply loss, because the 3POD could fall on 

itself and harm the RF harness. The solution was to 

perform every functional test in the upside down 

position and secure the potential collisions by a 

safety wire located at the 3POD center as shown in 

the figure below. This configuration is also used for 

the thermal cycling test and the life time. 

 
Figure 17. 3POD in upside down position 

  

 
Figure 18. Security wire in case of alimentation shut-

down 

LESSONS LEARNED 

Throughout the development and the qualification, the 

following lessons learned can be raised:  

✓ Elementary qualifications are necessary to 

complete the overall mechanism qualification 

because some worst cases are difficult to reach 

during the mechanism qualification. In our case, 

reaching with only one test the worst thermal case 

on the RF antenna, the RF harness and the actuator 

without over stressing the other sub-systems was 

practically unachievable. Elementary qualification 

simplified the qualification process. However the 

parallel architecture complexifies the elementary 

qualification because of the boundary condition 

interconnection.  

✓ Thermo elastic analysis shall be considered early 

in the development because they might induce 

significant design modifications. The 3POD 

detailed thermo elastic analysis made at Critical 

Design Review (CDR) stage generated significant 

modifications of the actuator design. A preliminary 

phase B assessment would have certainly 

prevented this issue.  

✓ In order to reduce the life test duration, 

considering the actual mission of the mechanism is 

essential. For an Antenna pointing mechanism, 

most of the time the movement is either stopped or 

in very low speed condition which and can be 

easily compressed to run the life test. However, it 

is important to keep the oscillation profile (even in 

low speed) because it is the most constraining 

factor for the lubrification. 

✓ Designing a fully representative Electronic Ground 

System Equipment (EGSE) for an elementary 

qualification is primordial. During the actuator 

elementary qualification, first tests showed that a 

non-representative EGSE can be the source of 

unexpected behavior and differences with the 

3POD control electronics. 

 

CONCLUSION AND IOD/IOV PERSPECTIVE 

The qualification phases performed so far are 

successful, the 3POD is about to start its own 

qualification campaign test that will last almost one 

year.  

The elementary actuator will be fully qualified in 2020 

and therefore will be considered as a standalone 

qualified mechanism.  

As the 3POD APM has been selected as part of In-flight 

performance demonstration of a High Data Rate X-band 

Telemetry (HDRT) in the frame of H2020 IOD/IOV 

program.  The qualification model will be transformed 

to a proto-flight model and the qualification sequence 

will be updated accordingly. The environment test will 

be performed at acceptance level and the lifetime test 

will be covered by an elementary qualification of the RF 

harness, considering that the arm bearing and actuator 

are already qualified at elementary level.  
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