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Future Gravity Missions GRACE-type mission principle Accelerometer measurement

Online session

GRACE-FO was launched in May 2018 for 5 years mission. Its _The gravity field Is reconstructed | The acceleromet_er_measures the relative accele_ratlon bet_ween
oerformance is similar to previous GRACE mission (see from distance measurement between satellites a proof-mass free inside a cage fixed on the satellite and this cage.
principle of GRACE-type mission). Measure: Ameas = Qarag + dp — ¢ + ([QS] 1 :Qg])fGP
For continued climate change survey, a successor to GRACE- ‘ deal measure | —
7O s envisaged 7 o rootmacs beaion (P andan vt cons
! i ! ! . R, roor-mass 10cation al ana atttuae contro
In Europe, ESA studies the Next Generation Gravity Mission i aCCz|efr0I’Tl1teter (drag, radiation pressure ...) Satellite center of mass (G)
(NGGM), on the same principle than GRACE with a laser link elad
and better performance for the accelerometer . py—— VI One accelerometer at Center of Mass
. i . arth: NASA “Blue Marble” satellites: Schitze/AEl ]
In the United States, NASA has chosen Mass Change Mission | | | (as in GRACE and GRACE-FO)
as one of the 5 Targeted Observable. An analysis of the But the distance can vary also due to the difference of residual drag 5 s
. : ‘ Umeas = adrag
different concept is under progress by JPL. Some concepts
use nanosat pairs with accelerometers as good as in GRACE- It is the role of the accelerometer to measure the residual drag . | , Cof CoM O NGGM stud
FO, some others are based on GRACE-FO with only the laser "1"0 accelerometers part of CoM (one concept in studies)
link and a better accelerometer by at least a factor 10. el T — _z C_imeas = dra
In France, the Scientific Prospective Seminar (SPS) has D T _ o 2 7 o S
. . . di/2 = dijz,gravt @; drag — 41 drag <N
decided to study the mission MARVEL. The concept is a laser | N _ Ad — (=ICradd 0 021 # e o
. . . KBR gravity ACC Ameas™ [Gradg] + [Qg| + [Q5] XPpP, P,
link between LEO and MEO satellites, with accelerometers. .
LRI fleld From S. Cesare et al. / Advances in Space Research
57 (2016) 1047-1064 © Thales Alenia Space

CubSTAR - Electrostatic ACC for Cubesat MicroSTAR — High performance electrostatic ACC

Accelerometer with a cubic proof-mass 2cm side Accelerometer with a cubic proof-mass 3cm side
- 3 linear acceleration with the same performance - 3 linear acceleration with the same performance -
. . . . . . nera
- 3 angular acceleration for helping attitude recovery - 3 angular acceleration for helping attitude recovery :
: : : ~100\\/
- Low power, light and reduced volume design - High performance _ —
- Analog control of the proof-mass - Digital control of the proof-mass for flexibility E
)
. . [=T1]
| (analog control also possible for lower consumption) 5
CubSTAR mechanical core CubSTAR electronics schematics =
ASH _________________ ________________________ PCU MicroSTAR mechanical core MicroSTAR electronics schematics E EIECtrO Statlc
Electrode | & | ' asH M FEEU IcU g (~10ka. ~10W)
Proof-mass plate “‘9 @ S A [ Stops sub- Det HIK @ 1/8Hz E ~ \ ;':V ‘iﬂ’lﬂ "'.‘:-W/
intire ;- ____________________________________ T _:::::::::::::::::::::::::‘ll j;il;gae:y assembly 1 3 controllers Y,Z,¢ < 5 8 F' i g H-Hl eri l.a.g e
| ' Capacitive Controller distribution ‘ i \ S L % A 1.E-10 { | —— 8
L Detection I < Detection ~ ADC1 S Di;i-ta-ll | | 1.E-11 ' | E
|'Y i Actuator ol i FRER 1 — | Def offset Controller D(gAfoT-fZ ) e =
I_: ; « ontroller : t:r::i . ; 28V _I /;r\ |! E} (K2 correction) | e HIR :‘I-.If :‘I-i UnTra
' Bva Measures 7] ._T;F_'_'_ 4.."7lct atirs Tledvl Fmef ] J DC ko5 1.£-04 1.E|—03 1.E-02 1.E-01 1.E+00 1.E+01
2 : 30x30x30mm Proofim ' - K2 calib
ooam [T o8C proof-mass o;:e'_'_ == T y O g’ | a Measurement Bandwidth (Hz)
- i < ﬂ DAC < Z ng,, —
sioke || Thermal Cold atom interferometer Electrostatic accelerometer
----------------------------------------------- ' interface I @1H
"""""""""""" 4 measures Y,,Y,,Z,,Z, z .y - -
B¢ = : Stabllity \J High accuracy in MBW
_ L ] Science :,’ ]
<€— Power Control Unit Baseplate T I e i Window for Electrtlc core
s €— |/F Board (part of FEEU) Raman laser PM side ~ 45mm = 0
Accelerometer Noise of MicroSTAR - Science output MicroSTAR PM ma;gggdr d, |
Sensor Head \ X,Y,Z Boards & Ref Board 1.E-08 1~ onEsw Es I me Asccelerol_rln etgr " gap Hm \
) ensor Hea ' "
(ASH) (part of FEEU) \\\ Req NGGM MicroSTAR Hy b Il d -STA R
1E09 | — betector Front-End Electronic Use of the proof-mass
\ — Unit (FEEU) Y '
. & \ cPD / - ¢ as mirror for Raman laser
Volume : 150x150x200 mm N 1.E10 { Wire damp i L . /
(LU for ASH) % —a -— Y ,
Noise of CubSTAR - gap 300 ym Weight: 4.5 kg E \ N ———-dTBias . | S Along-track noise
o .- : D 7 ‘
1 E-07 on MBW: 3.3 10" m/s?2 rms =20 (1,4 kg fOI’ ASH) g f : G . ’, . ElECtrOStath HYbI'IdSTAR - Horizontal axis - Science output
—Eopt:a(ictGFo Power: 10 W Z \%. 'A o= W ACC One-axis o8 —iyorid
1608 —— e damp 1.E-42 1 . | - B08 T M
- —= |/ - | Noise of CUbSTAR vs ga L | For 2 accelerometers Atomic ACC W\ f
8 N gap \ \ ADC1
N 1.E-09 \ —Meas Variation of noise - N -t ---- --=-- Image of GOCE FEEU 1.E-09 7% Meas
% \ & — / with respect to the e | 1.E-13 P~ : - - — | B — ADC2
E 1.E-10 \\<---DTBIaS — / b p f = == = Spec GFO 1E-05 1E-04 1E-03 1E-02 1E_01 1E+00 2\ - oA E|eCtrOStat|C + AtOm MeChaHICS 25kg SN 1.E-10 ‘\‘\ co g
2 \ 53/ 9ap between proot- _fgoum Frequency (Hz —a Atom optics: 150L, 40kg, 200W s N va 4
S 1E11 N\ S mass and electrode: |& &0 o / quency (Hz) == E N\ - DAC
B o s A i B : —om / With mature technology, for T=1s with ~2x10° detected at g
E2 ~_ | % s Proof-mass of 218g, gap of 400um --_- ith mature technology, for T=1s with ~2x etected atoms: 2 N |- o s / /\
\\\\ Possible to adapt | & 1£0 \\ | _ 6 oo Mass volume Power Measurement range : +3.7 10 m/s? 2 g2 s i
1E-13 —~ - the design for 3 SN Measurement range : 6.4 10™ m/s . Measurement noise : 2 1012 m/s2 rms in [1 - 100JmHz I | £
1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 various missions Z \:..._: Measurement noise : 6.6 1012 m/s?2 rms in [0,2 - 100JmHz ASH 5kg 200x200x200mm e 1 ) 1 EA13 - i N ! A
Frequency (H2) 1.E-10 \;%’ Thermal sensitivity : 7.0 102 m/s?2/K @ 0.1mHz Thermal sensitivity : 7.0 10 m/s/K @ 0.1mHz R \4 __________________ / _________
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