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Base concept of the accelerometerBase concept of the accelerometer
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GReAT: General Relativity Accuracy TestGReAT: General Relativity Accuracy Test
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GReAT experimentGReAT experiment
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GReAT experimentGReAT experiment

L = 6.5 m

D = 1.4 m

M = 1300 kg
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GReAT experimentGReAT experiment

! /4;0-6*+1./0,4(2*G

! 6(@60-6*+1./02-.8(/(-9G

! /4;0-6*+1./0@+.5(*,-2G

! 6(@60UI).7-4+204)0-6*05())*+*,-(./0

.77*/*+41*-*+05*-*7-4+G

?6*0/(D3(5I6*/(310+*)+(@*+.-(4,0(20(1:4+-.,-0-40:+4<(5*S

V W1.//0 7+942-.-0 -40 +*)+(@*+.-*0 -6*0

(,2-+31*,-0:.7F.@*0$8/3*&:3+:/*#G

V X:*,0544+20.-084--4104)07+942-.-G

V Y,2-+31*,-0 :.7F.@*0 2:.,0 .-0 0 !%0 LM0

8*)4+*0 +*/*.2*0 (,-40 +441I-*1:*+.-3+*0

7.:23/*G
Valerio Iafolla



GReAT experimentGReAT experiment
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GReAT experimentGReAT experiment

Differential accelerometerDifferential accelerometer
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Experimental results with a differential Experimental results with a differential 

accelerometer prototypeaccelerometer prototype

Rejection of the common–mode signals.

Spectra of individual and differential acceleration outputs:    

(a) after amplitude calibration

Spectra of individual and differential acceleration outputs:    

(b) after amplitude and phase calibration(b)

(a)

103

104

Figure (b) shows that after calibrating 

for amplitude and phase a 104

attenuation is readily obtained for the 

differential signal. This level of 

attenuation is effective not only at the 

perturbation frequency of 0.15 Hz but 

also over a larger frequency band. 

An attenuation of 104 or equivalently a 

common–mode rejection factor of 10-4

meets the present requirement on the 

CMRF for the proposed tests of the 

WEP.
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Experimental results with a differential Experimental results with a differential 

accelerometer prototypeaccelerometer prototype

Abatement of the natural dynamics excited by the instrument release into the 

capsule.
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Experimental results with a differential Experimental results with a differential 

accelerometer prototypeaccelerometer prototype
Rejection of the common–mode signals.

One important characteristic of a differential accelerometer is its ability to reject 

perturbations that are not differential, i.e., common–mode disturbances. This ability 

is quantified by the common–mode rejection factor (CMRF).

Valerio Iafolla

The second differential accelerometer prototype built at IFSI/CNR.

New configuration of the differential New configuration of the differential 

accelerometeraccelerometer
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ISA (ITALIAN SPRING ACCELEROMETER):

AN ACCELEROMETER TO MEASURE THE INERTIAL ACCELERATIONS ACTING 

ON THE MPO.

Iafolla V.; Fiorenza E.; Nozzoli S.; Morbidini A.; Peron R.; Ravenna M.; Santoli F.; 

(.)4//.e()2(>+1>7,+>(-

V. Iafolla

Istituto Nazionale Di AstrofisicaIstituto di Fisica dello Spazio Interplanetario

The ISA (Italian Spring Accelerometer) accelerometer — developed at IFSI/CNR — considered 

to fly on–board the MPO. It is a three axes accelerometer.

!! The key role of the accelerometer is to remove from the list of The key role of the accelerometer is to remove from the list of unknowns the unknowns the 

nonnon––gravitationalgravitational perturbationsperturbations, i.e., the strong non, i.e., the strong non––conservative accelerations conservative accelerations 

on the on the MPOMPO produced by the produced by the Sun visible radiationSun visible radiation and by and by MercuryMercury infrared infrared 

radiationradiation;;

!! To fulfil the To fulfil the RSERSE the the nonnon––gravitationalgravitational accelerationsaccelerations must be limited to a level of must be limited to a level of 

1010--99gg77, which has been taken as the , which has been taken as the accelerometer accuracyaccelerometer accuracy, in the frequency , in the frequency 

band 3*10band 3*10––55——1010––11 HzHz;;

BepiColombo Radio Science ExperimentsBepiColombo Radio Science Experiments

ISA (Italian Spring Accelerometer)ISA (Italian Spring Accelerometer)

Direct solar radiation Direct solar radiation 

pressure: pressure: the transversal the transversal 

acceleration and its acceleration and its 

spectrumspectrum
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Acceleration acting on ISAAcceleration acting on ISA
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ISA accuracy requirement inside ISA accuracy requirement inside 

the frequency bandthe frequency band
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ISA (Italian Spring Accelerometer) ISA (Italian Spring Accelerometer) 

ThreeThree--axisaxis
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Requirements on the angular rate and angular acceleration for the following fixed

values of the position of the spacecraft COM: Xt = 30 mm, Yt = 20 mm and Zt = 40 mm. 

0 _.2*0B#0 _.2*0i#0

5+ 0 HzsradK%EA">% 96 0 HzsradK%EK">E 96 0

+5 " 0 Hzsrad !Z%E]j>% 96 0 Hzsrad !Z%EKj>E 96 0

0

_.2*0BS00com " _X^

_.2*0iS00com k!E0710" _X^

Vibrational random noise on board the MPO inside the frequency bVibrational random noise on board the MPO inside the frequency bandand
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V. Iafolla

Frequency  Hz 
K%EA 96  

A" %E%E 99 9 %%E9  

Acceleration values ( Hzsm && ! ) 
c%EA 96 0

c%E9 0 Z%E9 0
0

MicroMicro--vibration random noise on board the MPO outside the frequency bavibration random noise on board the MPO outside the frequency bandnd
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ISA thermal system overviewISA thermal system overview
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MercuryMercury;;
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ISA thermal system ISA thermal system 

overviewoverview

QI=0.078W

COVER_BOX

BOTTOM_BOX

PCB QI=0.88W
OVEN_PCB

THERMAL 

INSULATOR

CONTROL 

ELECTRONIC

SPACECRAFT

GR=0,0005

GL=0,003

GL=0,5 GR=0,014

GR=0,008

ENVIROMENT

-.B.CDE

GR=0,0067

GL=0,3

GL=0,8

GL=0.03

GR=0,0028

GL=5

GR=0,05GL=3

OVEN BOX

ACCELEROMETER

PAKAGES

QI = 3.7 W

ISA Thermal Mathematical model



ISA  D etector A ssy

E xternal Sh ield

Internal T herm al sh ield
A ccelerom eter T herm al

Insu lation

E lectrical I/F

ISA DETECTOR ASSY OVERVIEW

Accelerometer Package
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ISA Error Budget:ISA Error Budget:

Pseudo Sinusoidal ContributionsPseudo Sinusoidal Contributions

Type Due to 
Spectral 

content 

requirement 

on 

Error % 

A0 

Gravity-

gradients 
n 0

X+8(-./0 :*+(450 Q0

.,50nQ0

Apparent 

forces EE G++ " 0
X+8(-./0 :*+(450 Q0

.,50nQ0

ER
!

! G0 ; <tRt
!

! 85%A0 

Thermal 

effects 
!0m_0

X+8(-./0 :*+(450 Q

.,50nQ00
T! 0 15%A0 

Components 

coupling 

^(2./(@,1*,-0

.,@/*0

X+8(-./0 :*+(450 Q

.,50nQ0
!-0 Negligible

Total 100%A0 
0



ISA Error Budget: Random ISA Error Budget: Random 

ContributionsContributions
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Type Due to Spectral content 
requirement 

on 

Error 

percent 

Apparent forces ; <tRR t

!!
GE 0 `.,5410 5+ G0 +5 " 0 60%A0 

Thermal effects HzC#" 0 `.,5410 T! 0 30%A0 

Noise on the MPO 
4̂<*1*,-20 53*0 -40 -6*0

L\BR0)3*/02/426(,@0*77>
`.,5410 0 10%A0 

MPO COM 

displacement 

4̂<*1*,-20 53*0 -40 -6*0

L\B0 .,50 )3*/0

74,231:-(4,0*77>0

`.,5410 ; <tRt
!

! 0 70%A0 

Components 

coupling 
(̂2./(@,1*,-0.,@/*0 `.,5410 5-0 Negligible

ISA intrinsic noise 0 `.,5410 0 Negligible

Total (not correlated noise)0 <100%A0 

0

MORE: Science GoalsMORE: Science Goals

!! Spherical harmonic coefficients of the gravity field of the planSpherical harmonic coefficients of the gravity field of the planet up et up 
to degree and order 25.to degree and order 25.

!! Degree 2 (CDegree 2 (C
2020 and Cand C

2222) with 10) with 10--9 9 accuracy (Signal/Noise Ratio accuracy (Signal/Noise Ratio FF 101044))

!! Degree 10 with SNR Degree 10 with SNR FF 300300

!! Degree 20 with SNR Degree 20 with SNR FF 1010

!! Love number kLove number k
22 with SNR with SNR FF 50.50.

!! Obliquity of the planet to an accuracy of 4 Obliquity of the planet to an accuracy of 4 arcsecarcsec (40 m on surface (40 m on surface 
–– needs also SYMBIOneeds also SYMBIO--SYS)SYS)

!! Amplitude of physical librations in longitude to 4 Amplitude of physical librations in longitude to 4 arcsecarcsec (40 m on (40 m on 
surface surface –– needs SYMBIOneeds SYMBIO--SYS).SYS).

!! CCmm/C (ratio between mantle and planet moment of inertia) to 0.05 /C (ratio between mantle and planet moment of inertia) to 0.05 
or better or better 

!! C/MRC/MR2 2 to 0.003 or better.to 0.003 or better.



!! Spacecraft position Spacecraft position in a in a MMercuryercury--centric frame to 10 cm centric frame to 10 cm –– 1m (depending 1m (depending 
on the tracking geometry)on the tracking geometry)

!! Planetary figure, including mean radius, polar radius and equatoPlanetary figure, including mean radius, polar radius and equatorial rial 
radius to 1 part in 10radius to 1 part in 1077 (by combining MORE and BELA laser altimeter (by combining MORE and BELA laser altimeter 
data ).data ).

!! GeoidGeoid surface to 10 cm over spatial scales of 300 km.surface to 10 cm over spatial scales of 300 km.

!! Topography of the planet to the accuracy of the laser altimeter Topography of the planet to the accuracy of the laser altimeter (in (in 
combination with BELA).combination with BELA).

!! Position of Mercury in a solar system Position of Mercury in a solar system baricentricbaricentric frame to  better than 10 frame to  better than 10 
cm.cm.

!! PN parameter PN parameter GG, controlling the deflection of light and the time delay of , controlling the deflection of light and the time delay of 
ranging signals to 2.5*10ranging signals to 2.5*10--66

!! PN parameter PN parameter **, controlling the relativistic advance of Mercury, controlling the relativistic advance of Mercury’’s s 
perihelion, to perihelion, to 5*105*10--66

!! PN parameter PN parameter ## (controlling the gravitational self(controlling the gravitational self--energy contribution to energy contribution to 
the gravitational mass to the gravitational mass to 2*102*10--55

!! The gravitational The gravitational oblatenessoblateness of the Sun (Jof the Sun (J
22)to )to 2*102*10--99

!! The time variation of the gravitational constant (The time variation of the gravitational constant (d(lnd(lnGG)/d)/dtt) to ) to 3*103*10--1313

yearsyears--11

MORE: Science GoalsMORE: Science Goals

!"#$#%#&'($')$"$*+'(,--&'./+0$&'!1#,2/-+1,#+2$&

345'5&6+7'!#+-8

G measurement with a gradiometer

o>0Y.)4//.R0W>0[4MM4/(R0P>0H(4+*,M.R0^>0`.<*,,.
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!%A%% 2*7%E#E%E>Ej]A>j$ 999HI KgmCODATA value:

Gundlach, J. H. and Merkwitz, S.M. Phys. Rew. Lett. 85, 2869-2872 (2000)

#&$%Ea#EEEEc!>Ej]"!%K>j$ !A%% sKgmG 9I.

Corresponding uncertainty : 1500 ppm

Value of the gravitational constant G

Corresponding uncertainty : 14 ppm

Torsion Balances for the measure of  G
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Horizontal component of the seismic noise  recorded at the  MEDNET stations
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Nuclear Power Station of Nuclear Power Station of BrasimaneBrasimane

Cryogenic GravimeterCryogenic Gravimeter
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Geophysical MeasurementsGeophysical Measurements
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ISA laboratory calibrationsISA laboratory calibrations
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Long time registration  at Gran Sasso

25 May 96 - 20 July 98
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GEOSTAR PlatformGEOSTAR Platform
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Mechanical ArrangementMechanical Arrangement
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Mechanical OscillatorMechanical Oscillator
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Transfer FunctionTransfer Function
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Gravimeter CalibrationGravimeter Calibration
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Signal Variation VS TemperatureSignal Variation VS Temperature
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Location: 37° 26,533 ‘ N, 15° 23,587 E ;

Depth: 2105 m w.d. (210 atm.)

Start of acquisition : 9 October , 2002 

End of acquisition:   20 February, 2003

Gravimeter sampling rate: 1Hz

Sismometer sampling rate: 100Hz

SN-1 MISSION LOCATION

The SN-1 location is comprised within the Ibleo-Maltese 

escarpment area, the most important seismogenic structure of the

western Ionian Sea.

The site is also near the Mt. Etna, the highest and most active 

volcano in the western Europe, supposed to have two active 

magma reservoirs with radii of about 2 and 5 Km.
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Rejection of the temperature effects using a very sensitive thermometer
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