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TORQUE DISTRIBUTION ALGORITHM FOR EFFECTIVE USE OF REACTION WHEEL
TORQUES AND ANGULAR MOMENTUMS

Mikihiro Sugita®
& Mitsubishi Electric Corporation Kamakura Works, Japan, Sugita.Mikihiro@ea.MitsubishiElectric.co.jp

Abstract

In attitude control of spacecraft using more thiare¢ reaction wheels, the distribution of the i control
torque to the wheels is not unique because ofdtiendancy. There are several wheel torque disimibaigorithms
which optimize the wheel torques or other factdrs.particular, the optimal torque distribution afijom is
acknowledged as algorithm which minimizes the maximwheel torque. This algorithm is advantageousake
maximum use of the wheel torques, because eachl vdrgae must be lower than the wheel torque cdipalaind
torque is the primary driver in many cases. Howgw®sr a result of minimizing the maximum wheel t@gthe
distribution of the wheel angular momentums iscatulated by a similar formula for the wheel taguistribution.
In other words, the wheel angular momentums cabeaterived from the current attitude angular momnwentVhen
certain wheel reaches maximum angular momenturiee#itbn the other wheels, this prohibits maximwsa of the
other wheels' capability. Therefore, minimizing thrximum wheel torque is not always effective whwgher
constraint such as angular momentum matters.

Recently, it has become more important that botleeNhorques and angular momentums are used more
effectively in order to improve the performancetiod spacecraft agility, such as the high angulaelecation and
rate, by using minimum spacecraft resources (i.mimmum number of wheels which satisfies certainliggi
requirements). In this paper, shown is the whegju® distribution algorithm which is effective iarms of both the
wheel torques and angular momentums as much agblgoda the proposed algorithm, the wheel torqaegllar
momentums distributed from the current attitudejge/angular momentum can be optimal for particdlegction
like the spacecraft X/Y/Z axis. In addition, itsdeown by numerical simulation that the proposedrilgm improves
the usage of attitude control angular momentum fpyau60 percent compared to the optimal torqueritdigion
algorithm.
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Nomenclature 1. Introduction
A, _, - Transform matrix (wheels to X/Y/Z axis) For the attitgde control of spacecraft using more
A, ,, : Transform matrix (X/Y/Z axis to wheels) than_ three reactlpn wheels (RW’s), some wheel ®rqu
i ) distribution algorithms have been studied. Becanise
e, - Xaxisunit vector(: Lo O]T) the redundancy (a number of RW's is larger thaaejr
e Y axis unit vector(: [0 1 O]T) the wheel torque distribution algorithm is not urq
_ . ) . Therefore, several wheel torque distribution aldponis
e, :Zaxisunit vect0|(: [o o 1 ) have been used, and some algorithms are optimized i
f.(r,A, ;) : Arbitrary function which transforms  terms of the wheel torques or the other factors2f1,

and A, , into T, 3.5]. _ S
o In some algorithms, the wheel torque distributien i
(+ Is arbitrary symbol.) given by multiplying a constant matrix (distributio
h : X/Y/Z axis angular momentur{8x1) matrix) to the control torque (X/Y/Z axis torquéjhe
h, :Wheel angular momentunfsi x 1) pseudo inverse matrix of\, , (transform matrix from
| : mxm unit matrix wheel torques to X/Y/Z torque) is usually used for
" obtaining the distribution matrix [1, 5]. This meth
N N_umber of wheeliN >3) which is called the pseudo inverse distribution
t :Time algorithm in this paper, is optimized in terms bkt
T 1 XIY/Z axis torque(3x1) norm of wheel torques. Because the magnitudeseof th
T, - Wheel torques{N ><1) distributed wheel torques vary, when one of theeige
7 :Wheel # torque reaches maximum torque earlier than the other wheel

this limits maximum use of the other wheels' torque
capacity.
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