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The first step on creating an active system capable of cancelling the emissions of the RWA at a certain

1 . Intl‘O du Ctlon point, 1s the accurate modeling of the motor’s emissions. For this reason, a plane passing from the center
The rapid growth in small satellite operations and their of the motor 1s defined, while 1t 1s parallel to the plane incident to the motor’s base. This plane 1s in x — y
applications lead to the introduction of more complex systems as depicted 1n the following Figure: Aimotor in

due to their mimaturization of electronics, circuits and sensors. i, =—sin(0)-i, +cos(8)-i,
Regarding EMC aspect, one of the main features that most

'\mi = 2T - fmec

m1=m1°in

science mission should comply to 1s the magnetic cleanliness in m, =m, i m; = my; + my;

the area of sensitive equipment. Reaction wheel components such m, = Ay, sin(2m -fmec +t +(i-1) -25.714) i

as the electric motor and various ferromagnetic parts at high- mzl . cos(2m fmec -t +(i-1) -25.714)
1=1:14

speed operation result in significant electromagnetic stray fields
in various frequency ranges. Main approach to overcome this 2. Measurement Setup
issue 1s to provide additional magnetic shielding to the attitude
control subsystem that has an impact on the total weight of the
microsatellite. Another mitigation strategy 1s placing the sensitive
equipment as far as possible from the radiating sources, but this
has no application in the small satellites structures (MicroSats,
CubeSats, etc). Numerous studies towards this direction have
been done 1n the past, but nowadays other mitigation techniques

In order to evaluate the real time contribution of the 4-reaction wheel system, the measurement layout
depicted 1n the figure below has been implemented. Two fluxgate magnetometers have been placed
perpendicular to the 1U (CubeSat-like) structure which is embedded 1n a gimbal arrangement in order to
be able for a 3-D movement. | E "'

Magnetometers
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are proposed that virtually try to minimize the magnetic fields on coordinate system |
sensitive satellite areas. The knowledge of the magnetic behavior |
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1U reaction

of the RWA can actively cancel the interference at any given area ; wheel system
by generating an opposite magnetic field. Thus, knowing the - - _
exact voltage driven RWA behavior, an engineer can easily adjust Vog i ﬁ/i X
the mapping between the produced interference and the current e Viag #1 X y
of the “canceling” source’s magnetic field. e i v
Z /

Magnetitic field generation

For each magnetic dipole, where the first magnetometer 1s at the distance vector

Multiple manget pairs and wire windings are used in the rotor and R=(0.263m,—0.0335m, —0.03m) and simplifying the equations due to quasi-static approach:

stator respectively to achieve smooth torque output. The magnetic

field emissions of a rotating Brushless DC (BLDC) Motor can be . : : N :

attrib 5= ( ) _3°m1i'(ln°lR)°lR_m1i°ln _3°m2i'(ly°lR)°lR—m2i°ly
uted to two sources, rotating a bunch of permanent magnets Hy, = 1 3 H, = 4.7 R3

(1.e. the rotor) with a certain frequency which will produce a L

spectral component at the frequency (f, .

rotation, and powering the three phases of the stator in order to 3 R e Sult S
create the rotating magnetic field which turns the rotor. For a °

three phase BLDC motor with a sensorless driving scheme The following figures depict the results of the measured magnetic behavior of one reaction wheel (motorl)
(driven without Hall sensors, using the back EMF instead), at
each state two phases are powered (opposite to one another) while
the third 1s used as an input by the Speed Controller to 1dentity wo _ CESETENeT e e T e
the correct moment for state transition. That’s the reason why

BLDC motors driven sensorlessly cannot operate at very low
speeds (lower than 1300 rpm approximately for our case), as an
adequate speed 1s required for a large enough back EMF voltage
to be induced to the coil of the “sensing phase”.

The process described above (at each state 2 opposite powered
phases) produces 6 possible combinations for the current in the
stator coils. The sequence of those 6 states comprises a signal

) of the mechanical
h B= U ‘ZI'I;I1(H1i + Hy,)

in order to calculate its magnetic moment (source of interference) for different frequencies f mech
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________ == The duration of each state depends on the ({72 4 C l
Current in phase A v 1] rotors speed. As the number of signal cycles ¢ Onc USIOnS
r o . — per second 15 hinked with the number of - -
EE;:I jE plIHﬂEEI — mechanical rotations per second. 2°7.5 Hz ThlS W()I'k presents the results ()f a Slmple
phase C 192.5 Hz 962 .3 Hyz . . i )
R - 1 28 Hz mag! measurement campaign for the identification of
o L main contributors regarding the magnetic
. ° |_
Typical BLDC motors used in RC cars or drones have 14-16 20021 I \ Il behavior of reaction wheels for CubeSat
. . 10° 10 10 10 10 -
required current. Our motors have 14 poles, therefore 7 pole pairs. f (Hz) RWA magnetlc moment R e
The number of signal cycles per second (for the current powering Y results of the measurement campaign with the
-~ , o ° ° ° —, -
t:ae stator’s phases) can.be obtained by multiplying the f,,0cn Wlth, E’ oorl \ l use of a well-known heuristic algorithm (DE).
the number of pole pairs on the rotor. Therefore, these currents . o The knowledge of the magnetic moment can
digital waveforms have a fundamental frequency of f,., 10" 107 10’ 10° 10% L . dure b
duc: . dits h . f (Hz) drive an accurate mapping procedure between
producing emissions at f. and i1ts harmonics M1 28 Hz mag1 Z axis q : :
O A _ the produced magnetic field (interference) from
EN I | the RWA and the “canceling” source. This will
=0,
REferences o be explored in future work on active mitigation
10™ 10° 10 107 10° -
f (H2) techniques.
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