
The second International  

LARES Science Workshop 

The second International LARES Science 

Workshop 

General Relativity, Frame Dragging, 

Gravitomagnetism, Physics and Space Engineering 

with LARES, LAGEOS/LAGEOS 2 and other Laser 

Ranged Satellites  



Rome, Italy / september 17 - 19, 2012 2 

TABLE OF CONTENTS 

Å LARES on top of the LARES System 

ÅOverview of the LARES System 

Å System Description and AIV test 

Å LARES System activities during launch 

campaign 

 



Rome, Italy / september 17 - 19, 2012 3 

LARES on top of the LARES System 

LARES (LAser RElativity Satellite) is an Italian scientific satellite, developed by Compagnia 

Generale per lo Spazio (CGS) as PRIME contractor for the Italian Space Agency (ASI) and 

successfully deployed in orbit by the European launch vehicle VEGA at its maiden flight, on 13th 

February 2012. The main goal of the LARES mission is the measurement with high accuracy of 

the Lense-Thirring effect, i.e. the dragging of inertial frame due to additional space-time 

curvature produced by the Earth angular momentum. 

 

Two secondary objectives were assigned by ASI to the mission:  

Å to provide a separation platform for additional payloads and  

Å to support the launcher qualification.  
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LARES on top of the LARES System (cont.) 

LARES System provided a separation platform for additional payloads 

7 European University Cubesatôs, provided by ESA 

The ALMASat-1 (Alma Mater Satellite) 

micro-satellite 

Snow White and the Seven Dwarfs  

And of course LARES is the  

PRINCE CHARMING 
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Introduction on LARES System (cont.) 

LARES System supported the launcher qualification 

Avionics subsystem 

External and internal  videocamera 

Sensors and conditioners for acquisition of  launcher key parameters  
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Overview of the LARES System 

At the beginning the project was renamed «mission impossible», considering the strong 

requirements too conservative coming from launcher and the reduced schedule. 

Contract signature 

March 2008 

VEGA launch Date 

March 2009 

Launch date shift  

+ additional  

requirements 

(mass reduction 

new passengers) 

March 2010 September 2011 

New Launch date shift  

+ additional requirements 

(FAU and more  

qualification tests ) 
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Overview of the LARES System 

Main elements of the LARES System : 
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Overview of the LARES System (Cont.) 

SSEP : The Separation Sub-System to sustain the LARES satellite during the launch flight and 

release it in the final orbit 

Hinge 

mechanism 

Non Explosive 

Actuators 

Strong Support 

structure 
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Overview of the LARES System (Cont.) 

SSUP : The Support Sub-System is the main structure in charge to be the  interface with the LV 

upper-stage and to support all the subsystem of LARES system 

Support legs 

Avionic lower 

plate 

Upper plate 
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Overview of the LARES System (Cont.) 

A&H : The LARES A&H has been conceived as a new generation avionic system for space 

transportation, self standing and independent module, to provide separation of the payloads, to 

assist the Launch Vehicle in the acquisition and to monitor key parameters inside the launcher 

fairing and the separations of the launch stages during ascent by means of video cameras, and 

to download data to ground stations. 

Power 

Batteries 

S-Band 

Telemetry 

Transmitter 

Power 

Distribution & 

Separation 

command Unit 

Acquisition & 

processing 

Telemetry Unit 
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System Description and AIV test 

Due to the reduced project budget and short schedule, the Assembly and Integration 

 Verification plan of the whole LARES System includes different ñnon-conventionalò philosophy  

and models.  

LARES QM was composed by:  

LARES satellite DM,  

SSEP QM,  

SSUP PFM,  

A&H dummy,  

2 PPODs dummy,  

1 PPOD EM, ALMASat-1 dummy.  

The LARES system FM has been made by:  

LARES satellite FM,  

SSEP FM,  

SSUP PFM,  

A&H PFM,  

PPODs dummy,  

ALMASat-1 FM.  

To be noted that the main interface structure interfacing all the P/L with the launcher, the SSUP,  

was a PFM and it performed two qualification respectively at S/S and System level and  

one acceptance at System level; its design took into account more cycles than a standard 

structure. 
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System Description and AIV test (Cont.) 

The verification of requirements for the LARES System was a very complex activity, also 

because of the system role as first P/L of VEGA launcher. In particular the LV authority 

specified severe environmental loads; this conservative approach was necessary, because of 

the uncertainty in the numerical prediction as source of specifications. For example, the shock 

test levels were so high that no facility exists able to apply such level to a spacecraft with the 

LARES System mass. 

 

For the qualification following tests have been performed: 

Å Sine vibration (qualification levels); 

Å Shock test (qualification levels); 

Å Acoustic test (qualification levels); 

Å Thermo-vacuum (qualification levels); 

Å Mass properties measurement. 

 

For the system Flight Model the following test have been performed: 

 

Å Sine vibration (acceptance levels); 

Å Acoustic test(acceptance levels); 

Å EMC (qualification levels); 

Å Mass properties measurement; 

Å Fit check with the Launch Vehicle. 
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System Description and AIV test (Cont.) 

Vibration test 

The aims of the vibration test were to validate the structural design (strength and dynamic 

behaviour) and to validate the structural load levels for the different equipment and electronic 

units.  

 

 

QM Vibration 

FM vibration 
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System Description and AIV test (Cont.) 

Shock test 

The shock test was foreseen at launcher system level with the purpose of: 

Simulating the Fairing Separation shock transferred by the P/L adapter to the P/L I/F; 

Demonstration of the capability to the LARES System to withstand the launch vehicle maximum 

expected shock; 

Verification of shock envelope environment for LARES System and Subsystems.  
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System Description and AIV test (Cont.) 

Acoustic test 

The acoustic test has the complementary aims of the vibration test. By design the LARES 

system was not susceptible to acoustic loads, therefore this test had no relevant criticalities. 

The test foresaw four runs: 

At low acoustic levels 

At intermediate acoustic levels 

At qualification acoustic levels 

At low acoustic levels  
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System Description and AIV test (Cont.) 

Mass properties measurements confirmed the compliance with the requirements, in the 

following summarized: 

Mass measurement: the position of the centre of gravity along the longitudinal axis XCoG shall 

be between 300mm and 1000 mm.  

CoG position measurement: (YCoG
2+ZCoG

2)1/2 shall be less than 15mm 

 

QM & FM pictures 
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System Description and AIV test (Cont.) 

The thermo-vacuum test has been successfully performed only at A&H PFM subsystem level 

since the avionics were the only vacuum sensitive components of the LARES System. 

 

Video camera Vacuum test ---> 
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System Description and AIV test (Cont.) 

FLIGTH MODEL ASSEMBLY AND VERIFICATION 

During the summer 2011, before the Acceptance test campaign and the shipment to the launch 

base in Kourou, the LARES system FM was integrated in the CGS Tortona premises.  

 

At the end of the integration phase, 

 the FM has been encapsulated in 

 the transport container and  

shipped to the test facility to 

 complete the A&H S/S qualification (EMC test) and then to carry on the acceptance campaign. 
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System Description and AIV test (Cont.) 

EMC test: 

The EMC test of the A&H S/S, although part of the qualification process, was performed on the 

system in flight configuration, since the final accommodation of avionics was needed to 

demonstrate the capability to:  

Å operate in an electromagnetically noisy environment, proving immunity to the radiation levels 

specified in the susceptibility requirements (the system had to operate without performance 

degradation);  

Å emit radiations not exceeding the levels specified in the emission requirements, during 

nominal operations. 
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LARES System activities during launch campaign 

Å The LARES System arrived in Kourou, French Guyana, the 24th of October 2011. 
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LARES System activities during launch campaign (cont.) 

Å First activities consisted in the final preparation and final checks after transports. These 

activities, were concluded positively few days later. 
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LARES System activities during launch campaign (cont.) 

Å The 07th November 2011, the VEGA VV01 Launch campaign has been officially started by ESA. 

 Before and during Launch campaign additional joint (ESA/ASI) tasks has been performed: 

Å Fit check between LARES and Launcher PLA ï Concluded positively (02/12/11) 
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LARES System activities during launch campaign (cont.) 

Å Dedicated test to verify the ability of the LARES A&H & EGSE to work also with VEGA 

ground segment and launcher interfaces not compliant to applicable ICD. 
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LARES System activities during launch campaign (cont.) 

Å Change of the acquisition timeline, according to ESA request 

Å Combined RF tests Launcher (Telemetry, Localisation and Neutralisation means) + 

Payload 


