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GOCE Mission Concept
GOCE: Gravity and Steady-State Ocean Circulation Explorer

Basic Sensors: 3 Axis Gravity-Gradiometer and GPS high-low tracking
Launch: Second half of 2006

GPS - satellites

Earth

#r "'-‘:. -'-h
,1_1-'-.*.;53. LIy,
= Y L e R
maSS 1 d'_':-‘l -;= i_!' ::‘:."_' =
¥ ._3-?*._-»

anomaly L0

GOCINA Workshop, Luxembourg, 13.-15.4.2005 | apg



— — — — RN
o o o S| S
H w N - o

Cummulative Error Degree Variances (Square Root) in Geoid [m]
o

Goals of Gravity Field Missions

-
o

—
-
—

GRIM5-C1
TUM-1S
TUM-2SP

|
e E|GEN-3P

T T TTTTT
-

CHAMP Prediction
GSM-2 0066 (GFZ)
GSM-2 08-2003 (UTCSR)
GRACE Prediction
GOCE Prediction

T
-
”

\ 1 cm

—
| IIIIIIIO

R EEEY
-
/

AL
/

10° 10°
Resolution [km]

S

-
o
=)

—
<

107

MMMMMMMM

GOCINA Workshop, Luxembourg, 13.-15.4.2005

1apg



GOCE Performance Simulation
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GOCE Satellite and Core Instruments

Fixed solar array wing
Body mounted solar panel
| Stabiliser tail fin
Gradiometer
lon-thruster assembly
|5 S-band ant

I? GPS antenna
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GOCE Instruments - GPS

GPS Antenna

] Dual receiver units (LABEN)

12 dual-frequency channels
L1 C/A code

L1, L2 P(Y) code

L1 (LA), L2 carrier phase

L1 integrated Doppler

On-board measurement of
C/No ratio

Lagrange GPS Receiver
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GOCE Instruments - Gradiometer

Accelerometer Sensor Heads

0 Pt-Rh proof mass of 4x4x1 cm
and 320 g mass

0 Accelerometer cage made of
ULE ceramics with gold
electrodes for 6 DOF control

0 Sole plate in INVAR

0 8 electrode pairs per sensitive
element (for redundancy
reasons)

0 Proof mass grounded by a 25
mm long and 5 micron “thick”
gold wire
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GOCE Instruments - Gradiometer

Complete Gravity Gradiometer
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GOCE Instruments — Attitude Control
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Magnetotorquer (3)
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GOCE Instrument System

translational angular
forces forces
/ ~ ~
| GPS/GLONASS star <
> SST -hl sensors
A AN
3 )
GRAVITY GRADIOMETER

measures.

gravity gradients

angular accelerations >

< common mode acc.

Y Y
drag control || angular control /
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Gradiometry — Gradiometer Reference Frame ———
A X cRrr
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Gradiometry — Gradiometer in Orbit

ZGRF

IRF = Inertial Reference Frame
Z|RF EFRF= Earth Fixed Reference Frame
A LORF = Local Orbital Reference Frame
GRF = Gradiometer Reference Frame
Lerrr

GAST

GAST i) ><E FRF
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—— Gradiometry — Simplified Observation Equation ——

a=-V-r+oxr+ox(exr)

the linear the linear the centrifugal
acceleration of acceleration of acceleration of
accelerometer accelerometer accelerometer
proof mass proof mass proof mass
induced by the induced by induced by
gravity satellite satellite angular
potential angular rotation
accelerations

Not taking into account accelerometer bias and scale factors,
misalignments, centre of mass displacements, etc.
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Gradiometry — Common Mode Accelerations
for Drag Control

Example: Accelerometer Pair 1-4

L
_ X 2 2 2 2\ _
_T(_VXX — 0y, —0, + Vi, + 0y +03Z)—O
1 X Grr
Aeldy = E(al,y T a4,y) =0
X,

In analogy for accelerometer pairs 2-5 and 3-6:

’ 9 ’ , ac,2,5,z ’ ac,3,6,y

Y cre Z crr

highly sensitive axis
red less sensitive axis
magenta combination of two less sensitive axes
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— Gradiometry — Differential Mode Accelerations ——
for Angular Control and Gravity Gradients

Example: Accelerometer Pair 1-4

1 1 L, 1 L,
Lo, - ):5(—VXX—@?,—coi)?—a(—VXX—wi—wi)(—jjz
= L—X(—ZVXX —203},2/ —2(03) = LTX(—VXX —oof/ —ooi)
Qg14y = %(al’y —a4’y) = L—z"(—VyX +0, +(oxo)y) A X grr

In analogy for accelerometer pairs 2-5 and 3-6:
’ ’ ’ , 4,252 9 34,36,y
highly sensitive axis

red less sensitive axis
magenta combination of two less sensitive axes
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Gradiometry — Angular Accelerations

2a 2a a a
. d,3,6, d,2.s, . d,3,6, d,2.5,
20, =——2-V_+0,0 +——+V -0, ; O =-— Yoy z
L y y Z Zy y Z X L L
4 y z y
a a
. d,1.4,z d,3,6,x
O =— LAz 4 3.6, X
y A A GRF
LX LZ

X4

’ L L
S y
green highly sensitive axis
red less sensitive axis
magenta combination of two less sensitive axes
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Gradiometry — Gravity Gradients

2241 4. 2 2
VXX =———— 0, —0,
L y
X
2a
a a. , d,2,5,y 2 2
%414,y d,2,5,x - _ _ _
ny =— — L + . (Dy Vyy L X O‘)Z
X y y
A ... a a 2a
1,1,4, 1,3,6,3
V, ¢ z  7d3,6x + O O V — d,2,5,z d,3,6,y + o ® V d,3,6 Z . 2
XZ L X V4 Zy L L } Z 77 (Dy
z y z LZ
A X crr
green highly sensitive axis
red less sensitive axis
magenta combination of two less sensitive axes

YGRF

z GRF
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