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ABSTRACT 

The paper describes a sophisticated and realistic control 
and prediction method for the magnetic cleanliness of 
spacecraft, covering all phases of a project till the final 
system test. From the first establishment of the so-called 
magnetic moment allocation list the necessary boom 
length can be determined. The list is then continuously 
updated by real unit test results with the goal to ensure 
that the magnetic cleanliness budget is not exceeded at a 
given probability level. A complete example is 
described. The synthetic spacecraft modeling which 
predicts only quite late the final magnetic state of the 
spacecraft is also described. Finally, the most important 
cleanliness verification, the spacecraft system test, is 
described shortly with an example. The emphasis of the 
paper is put on the magnetic dipole moment allocation 
method. 

 

1. BOOM LENGTH DESIGN 

A spacecraft has many magnetic parts. A minority of 
these parts, like travelling wave tubes, batteries, 
thrusters, experiments etc., called culprits, consume the 
major part of the magnetic cleanliness budget. Therefore 
booms are used to place the magnetometer sensor at 
save distance from the spacecraft. Their length can vary 
from 1 to about 11 m.  

This length is a critical design element and it has to be 
determined on the basis of global moment estimations 
of the magnetic parts.  

The necessary boom length is found when the total field 
of all units at the boom tip does not exceed the magnetic 
cleanliness budget at a given probability level. 

The field at the boom tip is given by (vectors in small 
bold, matrices in capital bold): 
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where r0
sp is the initial guess of the position of the boom 

tip, ri
  are the centers of the units DQG� 2� LV� WKH� boom 

length correction factor. Ri
  are the random matrices of 

the allocated unit moments |m|i
 , eT= 1

¾3
[111] is the unit 

vector and I is the unity matrix. The index sp stands for 
specification point.  

Through a Monte-Carlo simulation starting ZLWK� 20=1 

and r  
sp 0 as a suitable initial guess, the �1� ILHOG� at the 

boom tip is determined by random variations of the 
unknown directions and moments. The end points of the 
random vectors Ri

 Âe have to be distributed uniformly on 
a sphere.   

At the start an HUURU� 00 between the field module 
|bsp 0�20)| and the cleanliness specification bsp will be  
observed:  
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By use of a one-dimensional search on the boom length 
correction factor 2�LWV optimal value of is found when: 
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The optimal position of the boom tip is then: 
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Or if the boom root r  
root  is chosen, the optimal boom 

length L becomes: 
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The DIMAL software, containing this algorithm, allows 
to perform easily parametric scans by varying the 
moment allocations and the probability levels, as will be 
explained in §2.  

 

2. MOMENT ALLOCATION METHOD 

At the start of a project some units are quite well known 
from previous projects, some major contributors have to 
be identified by magnetic sniffing, and the rest has to be 
estimated by the moment allocation method.  

In the following phases of the project more and more 
units become available for magnetic testing and for the 
determination of their MDM (Multiple Dipole Model 
[1]). In the budgeting process for unknown units only 
the global dipole moment vectors are considered. Their 
moment allocations are optimized in order to fit the 
field budget. 

A magnetic review board would analyze the list 
frequently. In such a way early warnings arise when 
some units exceed the budget. Thereupon corrective 
actions can be defined, whether by changing critical 
ferro-magnetic parts or electrical design (loops). When 
the involved units cannot be corrected for instance a 
magnetic compensation by magnets can be applied, as 
has been done for the Ulysses Travelling Wave Tubes 
and the Radioisotope Thermal Power Generator (RTG).  
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