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Need 

Space observatories of the last decade like NASA Wilkinson Microwave Anisotropy Probe 

(WMAP) and ESA Planck mission played the key role in establishing the current Standard 

Model of Cosmology. ESA Infrared Herschel mission and Gaia Space telescope provide with the 

new knowledge about the position, distance and luminosity of the stars and it's formation.  

Proposed mission idea of piezo-active suspension system enables the compensation of the 

disturbances and precise pointing of the laser mirrors or antennas used in space interferometry 

missions and long distance communications. 

Future ESA Laser Interferometer Space Antenna (LISA) and Japanese DECI-Hertz 

Interferometer Gravitational wave Observatory (DECIGO) planned for the detection and 

measurement of gravitational waves of astronomical sources use extremely accurate 

accelerometers with picometer resolution.  Precision pointing is crucial for the Link budget of 

long distance optical and submilimeter communications. Conventional large space systems are 

more affected by solar pressure, atmospheric drag and sensitive to vibrations of the elements of 

the Altitude and Control systems.    

 
 

Fig 1. WMAP L2 Lagrange point mission. Fig 2. LISA space interferometer configuration. 

 

Mission Objectives 

 Launch the microsatellite with the mass <50 kg into the highly elliptical orbit with its 

apogee 340,000 kilometers or insert it into Earth-Moon Lagrange L2 Halo orbit 

 Establish Duplex S-band communication link for TT&C 

 Establish Duplex 1.55 µm Laser link between the Spacecraft and Ground terminal 
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 Test the accuracy of Attitude control of the Spacecraft provided by Field-emission 

electric propulsion (FEEP) or Colloid thrusters 

 Compensate the vibrations of the satellite platform and the pointing resolution error by 

means of piezo –active suspension to less than <10-12 rad 

 

Concept of Operations 

For the implementation of the mission goals one microsatellite with the mass <50 kg to Earth-Moon 

L2 point will be launched. The spacecraft will be inserted into the 200 km LEO or GTO orbit and 

using additional propulsion module will be transferred to Halo orbit with the radius of 3500 km. 

This position has advantage of the permanent coverage for data relay satellite of far side of the 

moon. Optionally the satellite can be launched into the highly elliptical orbit with its apogee of 

340,000 kilometers. The spacecraft will contain precise attitude control provided by 

Field-emission electric propulsion (FEEP) or Colloid thrusters and piezoactive suspension 

system. The pointing accuracy and optical communication through output will be measured by 

1.55 µm Laser duplex system. Ground terminal will comprise S-band TT&C and optical 

payload ground terminal.   

 

 

Fig 3. Lagrangian points.       Fig.4. Earth - Moon L2 Relay satellite at Halo orbit. 

 

Key Performance Parameters 

The goals of the future LISA mission is to demonstrate the test feasibility of laser 

interferometry with picometer resolution at low frequency – approaching 10-12 m Hz-1/2 in the 

frequency band 1-30 mHz. The pointing accuracy of LISA mission at the scientific mode is 

required at 1.7 x 10-6 degree corresponding 30 x 10-9 rad. It is reported that the resolution Gaia 

mission achieved is in the range of 24 μarcsec corresponding 0.12 x 10-9 rad. FEEP thruster 

provides the thrust from 0.1 to 150 μN, with thrust resolution ≤0.1 μN and specific impulse 

≥4000 s. Resolution of the interferometer can be defined as  interferometer = λ/2b rad, where λ is 

the observing wavelength and b is the baseline of the interferometer. In the Table 1 the 

resolution limits for the interferometer arms at Earth – Sun and Earth – Moon L2 point 

distances for 1 micron Laser wavelength and 1 mm radio waves are calculated. 
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Table 1. 

 Distance 
from Earth, 

109 m  

Wavelength, 
10-6 m 

Resolution angle 
, rad 10-15 

Actuator 
resolution*, 

10-15 m 

Delta V from 
LEO, km/s** 

Earth – Sun L2 1.5 1 0.33 0.033 3.4/7.4 

Earth – Sun L2 1.5 1 000 330 33 3.4/7.4 

Earth – Moon L2 0.45 1 1.1 0.11 3.0/7.0 

Earth – Moon L2 1.5 1 000 1 100 110 3.0/7.0 

* - for 20 cm diameter laser mirror or antenna dish, ** - high trust/low trust 

Thruster system 

 One of the main problems in case of the mission 

(especially for small scale spacecraft) is the vibration 

noise caused by multiple factors (mainly by satellite 

systems) and the spatial position inaccuracies. These 

factors are often caused by rough actions of the 

propulsion systems (which is far more evident for 

small satellites). Thrust (IL-FEEP prototype) 

Fthrust = 100 µN, total propellant mass mtotal = 67 g, 

total impulse Jtotal = 2000 Ns, total operation time 230 

days (1 987 200 𝑠). 𝐹𝑡ℎ𝑟𝑢𝑠𝑡 = 𝑣𝑒 �̇�, where 𝑣𝑒 – effective exhaust velocity, �̇� – exhaust gas mass 

flow 𝑣𝑒 = 𝐹𝑡ℎ𝑟𝑢𝑠𝑡 �̇�⁄ = 29659.7 𝑘𝑚/𝑠. Exhausted mass during one thruster cycle (assumed 1 s): 

𝑚𝑐𝑦𝑐𝑙𝑒 = 𝑚𝑡𝑜𝑡𝑎𝑙 𝑡𝑡𝑜𝑡𝑎𝑙⁄ = 3.372 ∙ 10−9 𝑘𝑔/𝑠 , therefore excitation 

velocities for various spacecraft weights (which corresponds to 

displacement during 1 s period) can be evaluated and it shows that 

for low-weight space crafts it is essential to reduce 

impulse/velocities ( 𝑣𝑐𝑟𝑎𝑓𝑡 = 𝑣𝑒 ∙ 𝑚𝑐𝑦𝑐𝑙𝑒 𝑚𝑐𝑟𝑎𝑐𝑡⁄ ) to achieve better 

displacement resolution (Fig. 5). 

To change trust resulted speed step nature (characteristics) the 

piezoactive suspension is introduced. Hereafter the piezoactive 

suspension system is proposed which is able to work in two modes: 

passive energy dissipation and active velocity shape regulation. For the first mode the 

piezoactuator is connected in series with resistor (R=1/2 fC, f – is related to the damped 

oscillation frequency) to dissipate energy as heat. Vibrations energy dissipations are up to 

~50%, so it is expected that the energy 1,585J (100uN thrust; 1s) will be decreased by half.  

The second mode is active velocity changing system where the piezoactuator is used in 

conjunction with FEEP system and to influence absolute velocity of the main construction mass. 

Quasistatic suspension could actively control the vibration noise from the thruster (pushing 

the thruster “outwards” or pulling it “inwards”). Additionally in some cases it could be used to 

provide the nanometer movement to the entire spacecraft by pushing or pulling the inactive 

thruster. 

 
Fig. 5 Craft speed dependence on mass 
per one thruster cycle 

 
Fig 6. 3-axis piezoelectric 
actuators based on radial 
resonant travelling wave 
oscillations. 
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Fig 7. Piezoactive suspension of microthruster. 

 

In the Fig. 7 the concept of operation of quasistatic piezoactive suspension is provided. 

(Atitude control system will be supplemented with the 3-axis reaction piezo sphere (Fig. 6) 

which will be used for rough attitude control ~0,2mNm.  

 

Space Segment Description 

According to the NASA Lunar LADEE mission heritage the telecommunication laser module 

LLST budget consist of the Space Terminal: 

– 10 cm aperture mirror, 0.5 W, 1.55 µm 

– 40-622 Mbit/s in downlink, 10-20 Mbit/s in uplink 

– Duplex operation, fully gimbaled 

– LLST mass, power 32.8 kg (with margin),  

– 136.5 W 

and Ground Terminal: 

– Downlink Receiver 

4 @ 40 cm aperture; 40-622 Mbit/s 

Superconducting Nanowire Detector Arrays 

– Uplink transmitter: » 4 @ 15 cm aperture, 10 W; 10-20 Mbit/s 

For the insertion from LEO into the L2 Hallo orbit using High thrust propulsion 3 km/s and 7 

km/s for Low thrust propulsion Delta V is required.  

 

Orbit/Constellation Description 

Advantage of L2 point allows the consumption of keeping in L2 point of 30–100 m/s delta-v per 

year. After the validation of the technology the system could be implemented in data relay 

satellite or Lunar orbital station. 

 

Implementation Plan 

The project is planned for implementation in the collaboration of Kaunas University of 

Technology, Space Science and Technology Institute from Lithuania. The design cycle of the 

critical payload of piezoelectric components is planned in the period of 15 months from Aug 
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2014 – November 2015. The project is planned to be financed by Lithuanian Agency of Science 

and Innovation and will be applied for the future ESA Lithuanian Partnering Co-operating 

State call. The satellite bus platform containing electrical ion propulsion has to be developed in 

parallel. Complimentary ridesharing possibilities of the system at NASA ARC spacecraft 

platforms in the middle of 2016 will be discussed. The top 5 project risks are:  

 Development of piezoelectric closed control loop positioning system for 1- and 3-axis 

piezoelectric actuators at subnanometer level 

 Testing of positioning system in 1g gravitational environment will not allow to 

reproduce the microgravity conditions in full scale 

 Optical communication module is planned to be provided by subcontractor 

 The success of the mission depends on launch or ridesharing availability 

 Insertion into the Moon-Earth Lagrange point raising special requirements for launcher 
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