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ABSTRACT

The Vector Field Magnetometer on Swarm is develagetie Technical University of Denmark (DTU) asddierived
from instruments flying on missions that are detdidafor mapping the Earth’'s magnetic field: drst€HAMP and
SAC-C.

1. INTRODUCTION

The spaceborne magnetometers developed at DTUaaesl ton the instruments flying on missions thatdedicated
for mapping the Earth’s magnetic field. Denmark feadong tradition in building magnetometers for estific
applications, and the Danish drsted mission waditstesatellite mission to provide high accurateasurements of the
magnetic field with unprecedented spatial and tioeerage.

The DTU Vector Field Magnetometer (VFM) is minidaaed version of the magnetometers flying on the matig
mapping missions @rsted (Denmark), Astrid-2 (Swedannched 10/12-1998), CHAMP (Germany, launchetd2:5
2000) and SAC-C (Argentina/USA, launched 10/12-2000e electronics unit is cold redundant usingvich board
to swap one sensor between two complete and galisolated magnetometer electronics.

The VFM has a range of +/-65536 nT and producetvaeneasurements at a sampling rate of 50 Hz wijtheaision

equivalent to more than 21 bits. The thermal amg) lterm stability of the instrument is less thaB80nTRMS as
demonstrated in the @rsted mission over 10 yedrs.ifistrument noise is less than 50 NTRMS in thgufency band
0.01-10 Hz and a value of the noise of 6.6 pT/scatik Hz. This translates theoretically in a rekdilirection accuracy
of sub arcsec. The VFM is baselined for the ESAr&wand PROBA-2 missions.

The VFM takes advantage of the CSC (Compact Spile@oil) sensor of ultra high linearity, which issential for
producing high precision Earth’s field measuremeastsequired in the Swarm mission.

2. VFM PRINCIPLE AND PERFORMANCE

The VFM uses the fluxgate transducer with a ringcof amorphous magnetic material, which has vevy twise
noise10-20pTrms and extremely high stability o§ldsan 0.05nT/year (see also Figure 3)

Three fluxgate elements are used for the triavaafiguration, which is the inner part of the CSi@pact Spherical
Coil). The compensating coils create an homogengeator field inside the sphere, so the fluxgatments are null
field balance which governs the stability of thetimment. In feedback conditions the fluxgate tdaicers are used as a
nulling device. The isotropical and extremely stabtechanical support design of the coils allowseswely high
stability of the scale factor and interaxes normgtnalities. These coils define also uniquely tlegnetic axes of the
VFM sensor. The VFM CSC sensor on Swarm is the sasrflown on the @rsted, CHAMP and SAC-C missidrie
conversion between the raw measuremeMtsagv) and the physical orthogonalized magnetic carepts Bcsc) are
related by a linear transformation, where aii @ the scale factors (close to 1), aij (very sraaljles vij) are the
nonorhogonal an@® are the offsets:
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Fig. 1. The Vector Field Magnetometer (VFM) on SwéFlight Unit 1).
Electronics unit (left side) and sensor unit (rigide)

The VFM electronics unit is a cold/hot fully redamd unit, which allows fully autonomous and simppeerations. It is
radiation tolerant (>100kRad to unit) and has higllability (>99.9998%) in 3Y redundant conf. Thengpling (24 bits)
frequency is 50 Hz sampling, with flat group debd -3dB frequency @ 13.1Hz. The component accusaegry
high (better than 0.3nT in the full range of +/-8865nT). The linearity is better than 1 ppm (or 1) and the

precision better than 50 pTrms.

Electronics Unit - EU: Sensor Unit - SU:
- has a volume of 100x100x60 mm - has a dianwt® 82 mm
- has a weight of 750 g - has a weight of §80
- uses ~1W of power - uses ~250mW of power
- cold redundant - harness is 100 g/m

Evolution of Oersted CSC Parameters, Fivedt Non-Orthogonalifes

§Sensor Offset (nT) vs. Temperature (C)
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Fig. 2. Left panel: Typical Variation of the zeevél offset of an axis when it is subjected to &ratpre cycling from -
20°C to + 60°C. Right panel: Long term of the Jdsteagnetometer (VFM predecesor)

During the calibration program, the nine paramebdéthie VFM are determined. In the scalar calilorathe
comparison between the scalar reference magnetoaretehe computed scalar field from the VFM yiedddifference
of 0.2 nT in a field of +/- 50000 nT (at the Brddie magnetic observatory, Denmark) in all direcsiomiformly

distributed over a sphere.

The mounting of the sensor is performed usingadladaptor ring with fingers, which will adaptthe sensor thermal
expansion. This ensures extremely good mechartgtailisy on the optical bench, in order to ensuleguate attitude
transfer to the three star trackers that providleaficuracy attitude.



