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Nano- and micro-satellites (University of Tokyo)
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Coarse attitude estimation by thermometers

Geomagnetic

« Although the z axis is not stabilized,
the Y axis is aligned with the
geomagnetic field vector and
stabilized.

« A strong disturbance may affect the
satellite attitude.
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Attitude disturbances in Cubesat XI-V

Table 1 Attitude disturbances in XI-1V

Attitude (Nm)
disturbance

Magnetic 1x 106

disturbance

Aerodynamic 2x1010

disturbance

Solar pressure | 1x107?
disturbance

Gravity gradient | 1x 10
disturbance

Magnetic hysteresis
damper

e The strongest attitude torque is the magnetic
torque by the permanent magnet.

e An unexpected disturbance affects the
satellite attitude.




Attitude torque caused by a magnetic substance

Perpendicular to magnetic filed
Magnetically unstable
= Attitude torque

Parallel to magnetic filed

Magnetically stable

Uniform magnetic field

Iron rod  The magnetic energies in Fig. 1 and Fig .2 are
not the same.

 The rod rotates to more stable configuration.

—>Magnetic torque by shape magnetic
anisotropy

In a uniform magnetic field, a magnetic substance with
nonsymmetrical body causes a magnetic torque.

(Attitude disturbance torque caused by shape magnetic anisotropy of on-board
magnetic substances)



Magnetic field in an ellipsoid magnetic substance

Magnetic field in an ellipsoid magnetic substance can be solved with the Laplace
equation (V 2®=0) for an ellipsoid coordinate system.
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Magnetic substance torque in the

llipsoid

Uniform magnetic field in the x-y plane
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(DThe magnitude is proportional to the
square of the geomagnetic field strength.
(@The torque line can be expressed
with a sine curve with period Tr.




Dipole and magnetic substance attitude disturbances

e Attitude disturbance caused in a magnet.
— Proportional to an outer magnetic field.

— can be expressed as a sine curve with period 2m

T :@sine
Residual magnetic moment

e Attitude disturbance caused in magnetic substances (in ellipsoid body)

— Proportional to the square of an outer magnetic field.

— can be expressed as a sine curve with period 1t

T 2cosBsiné
Magnetic substance disturbance coefficient.

* Can we express the torque in arbitrary magnetic substance with the same
equation T = M B%sin20 ?



Magnetic substance torque
in an arbitrary-shape magnetic substance

A small volume dV (small enough to consider
that the magnetization in the volume is constant)

dVv
Y )
/ "
/ Uniform magnetic filed in the x-y
lane.
By cos O P
B. — BO i O (small enough to consider that the B-H
0 — o SN curve is linear, and the magnetic
0 permeability is constant)
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Magnetization in an arbitrary-shape magnetic substance

Magnetization in a small volume
M; = xH,dV;,

Xxx Xxy Xxz Hoy
le- = (ny Xyy Xyz) Hy
Vi

Xzx Xzy Xzz HOz

By cos @
B, = <BO sin0> Y

0
X
Magnetic energy in a small volume Xux Xxy Xxz\ [Hpy Hy,
av, = lM H = %Mo Xyx  Xyy Xyz || Hoy |- | Hoy |,
i 2 TV ofto Xox  Xzy  Xzz Ho, Ho,
Magnetic energy in the whole body Xik = MOJ Xjk dV; .
Vi

U=@jM-H0dV
2 |4
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Magnetic substance torque
in an arbitrary-shape magnetic substance

e Magnetic energy

) Xxx Xxy XxZ HOx HOx
U=>uo| Xyx Xyy Xyz || Hoy |- | Hoy |,
sz Xzy Xzz HOZ HOZ

1
U= E,uOHg (A + B cos20 + C sin28)

e Magnetic torque

_du

T —_
dé
= ugHZ(—Bsin26 + C cos 26)

= ugH3 A’ sin(26 + 6).
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Magnetic substance disturbance in Cubesat XI-V

« Hysteresis damper

Table 1 Attitude disturbance XI-V

Torque
(Nm)

Residual 1x10°6
magnetic
(permanent magnet)
Aerodynamic 2x1010
Solar radiation 1x10°
30 : )
e Antenna 4X10°Nm Gravity gradient 1x108

X >

The torque is coarsely calculated
using the ellipsoid model.
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FEM analysis
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Conclusions

* Nonsymmetrical magnetic substances in a
uniform magnetic field cause a torque.

* Magnetic substances in a satellite causes
attitude disturbance torque.

 The magnitude of the disturbance is almost
the same magnitude of the other attitude
disturbances in the worst case scenario.
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