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Introduction

DGMagnetic Cleanliness of a spacecrafeiguiredin the following cases:

9 Earth and interplanetary science missiaagrying magnetometerkke

Ulysses

1 missions where the AOCS lifetime or experiment functions are influenced by the magnetic properties
of the spaceratft.

For interplanetary missions we have to consider that:

1. the interplanetary field isypically0.1 - 20 nTbetween Pluto and Mercury
. measuremens on the ground €arth field~ 50000 nT) are only possibfer instancejn CoilSystems
3. largefacilities achieve aero drift stability in the order of 0.1- 0.3 nT and a volume of homogeneity of
U =34m,
4. S/C withdeployedmagnetometerboomsdo not fit inthis vdume,
5. typical D@agnetic Cleanliness Specifications are in the order of Bghse< 1.0 NT
(Ulysses: 0.1 nT, Cluster: 0.25 nT) at the magnetometer or sgaification point
. hence the verification of the magnetic cleanliness specificatigntly direct measurements is not possible,

7. a workaround in form ofnearfield measurenents close to the spacecrafind numericalmodelingis
therefore necessarin order to achieve the verification of the cleanliness specificaticthe spacecraft
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In order to solve this problemhe followingconcept ha beensuccessfully applieih the past(Fig.1)

1. Mapthe spacecraftield configuration
at closedistance
(9gnatto-Noise-Ratio SIR>10)

2. Derive the magnetic potential model
(dipoles, greenjrom the field
measurementgblack).

3. Calculate the fielthsp
at the SoecificationPoint.

4. 1If bbsh> bgpec
then compensatdsp
by use of magnets
in order to get the magnetometer
into his lower range

bsp

Specification Point

Fig.1 Concept

The modeling methodmplemented is based

z[cm], Bz=Scale*1.5 [nT]

on theclassi CapOStU late Ulysses Magnetic Cleaniiness Revisited

S/C Final Deperm, Boom stowed, RTG removed

Z\SB_FSE(F:'&::! "Mela%rem:asw 5 e * Field from Multiple Dipole Model
lultiple Dipol lelling, rms=4 "
Test Frame Measured Field

Any magnetic object can be
represented by dipoles

The optimzation of the Multiple Dipole
Model (MDM) consists in findingndividual
dipole positions andmomentsthat lead to a
best fit of the field measurementésee Fig.2 =
red vs.yellow). 2 : | oyt ep=Seuenny

el

Thereupon,the fieldconfigurationaround the

test object, outside the measurement
distance can be calculatal, in particular the
field bspat the Specification Point

x [em], Bx=Scale/3 [nT]

Fig2 Example of Rotational FielDataFit
(measurements = red dots, model = yellow lings
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Practical Problems
In theory, the magnetic potential of an objecs uniquelydefinedif an infinity of field data on aclosed
surfacearoundthe objectis availablgFig3).

In practice,technical and
economical  constraints
allow only a relatively
small number of field
measurementsike C
Rotational Measurements
with up to 5 tri-axial
probes and rotational
steps of 10. The lack of
coverage igjuite evident
(Fig.4).

Fig3 Dense coverage (] Fig4 Coverage (Exampl€luster)

Thus a far-reaching consequence of the sparse
coveragds thatthere existsno unigueMDM solution

In fact, it is possible to generat@an undetermined
number of bestfit solutions leading to pathological
field estimaes bsp

Even when constraininpe dipole positiongo the test
202S 00 Qa(bouddady dedhStrains it is still
possibleto obtain an arbitrary number of constraint
compatible bestfit (CBF)solutions associatedwith a
considerablescatter of thebgpfield (bsgScatter, Fig5).
The best one can do is then to chedle tcleanliness
specification against the mean+¥®alue ofbsp It turns
out that the 3 value is a direct function of the density
and the symmetry of the coverage. It is therefore
utmost importance to optimize therobe configuration
of thetest-setup. Fig.5 Example diszScatter

Aparticular difficulttask is finding suitableinitial guesof the number and pasons of the dipoles
Trial and-error had been the only way to generate acceptable solutions.

During the MDM optimization numericg@roblems can arise when 2 dipoles tend to occupythe same
position resultingin the stagnationof the convergence proces3he introduction ofsuitable collision
constraintscanavoidthis problem.
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NLP solvers like ghoneused in the ESA MAGNET software, can cope neither with boundary nor with
collision constraintsCBFsolutionscould be generatedwith MAGNEnly in very cumbersome triabnd
error sessiongrequiringexpert users.

Fig 6. shows the RMS of fielg
residues (calledit-function) over 2
dipole position parameterg; and p.
The task ighusto find the minimum
of the fit function. This part of the 2
dimensional topology contains 3
local minimawhere the iterations
stop, depending on the starting
point. Accordingly there are 3 good
solutions leading to 3 values bf,.

In the past, vinen a CBFsolution was
found, still no information about the
precision of the field estimate bsp
was available. Additional runs with
different starting pointshad then to
be carried out leading toa small set
of bsp scatter data for statistical
analysis

This took quite some time. Fig.6 Iterations on complexopology

For these reasonsa precise m-line compensationwhich isdirectly derived fromthese bsp data, has
always beermproblematic

This situation has changed considerably with the introduction of tBR@MAG software
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