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Now the nanosatellites of CubeSat standard are widely-spread. At the Samara State Aero-
space University work on developing of the such nanosatellite is in progress. The main objectives of
the nanosatellite are its motion dynamics studying and orientation and stabilization algorithm
workout, using the built-in measuring and actuating means which are a part of on-board modules:
the three-axis magnetometer placed on the on-board computer; Sun sensors, the angular-rate sensors
placed on solar battery panels; magnetic coils.

The limitations imposed by accepted structure of measuring and actuating means, and also
the on-board computer performances, form rigid requirements of the orientation and stabilization
algorithm computing complexity. As the nanosatellite will be orientated along the vector of orbital
motion rate, the spatial orientation determination problem is reduced to a problem of nanosatellite
longitudinal axis orientation determination, i.e. determination of pitch angle (%) and yaw angle
(w ), and the problem of controlling is reduced to a problem of dual-channel controlling.

In solving the formulated problems the frames of references shown in Fig.1 are used [1].
The axes of orbital frame of reference OX Y Z  with the origin in the centre of mass O of the

moving nanosatellite are directed as follows: OY, is along the radius-vector o from center of Earth
to the nanosatellite center of mass, OX is perpendicular to OY, in the plane of orbit and directed
along the flight direction, OZ is along the bi-normal to the orbit and build the right frame of refer-

ence with other two axes. The body frame of reference is chosen in such a way that its axes coincid-
ed with the main central axes of inertia of the nanosatellite. The origin of the body frame OXYZ is
located in the nanosatellite centre of mass; OX is directed forward along the NS longitudinal axes,
QY s placed in the NS plane of symmetry and is directed upward along the normal, OZ build the
right frame of reference with other two axes.

Fig. 1 — The scheme of rotation angles in going from the orbital
to the bodyv frame of reference

The scheme of solving the formulated problems is shown in Fig. 2.

52



Session 2. Mathematical support of space experiments

Information Sources

Three axes Sun sensors Angular-rate
magnetometer Sensors
H, S, @y
H, Sy wy
H, S; @y
On-board computer
\ 4 9, 7% v
Orientation determination - Law of control
algorithm
v D+ Bz
Sy Actuators
Y

Magnetic coils

v
Aw, ,Aw,

Fig. 2 — The scheme of solving the formulated problems

In fig. 2 the following designations are accepted:
[H, H, H,] -the components of Earth magnetic vector;

[S, S, S,[|' -the components of current vector from the solar battery panels; [0, @, o,] -

the projections of the nanosatellite momentary angular rate;
Aw, ,Aw, - the change of the values of the projections of the nanosatellite angular rate after the

control input.
As the orientation determination algorithm the two-vector algorithm of the nanosatellite

angular location determination is chosen [2]. There are the components of the S and H vectors in
the body and orbital frames of reference at every moment. They are connected by the following
relations:
S X SXg H X H Xg
Se[=AS,|i [Hy|=AH,| (1)
SZ SZg H z H Zq
The transfer matrix from orbital to body frame of reference is presented as follows:

COSy C0S 9 —-sin 9 —siny cos 9
A, =|-sinysiny +cosycosy sin$ cosycosF —sin ycosy —cosysiny sinG |(2)
cosysiny +sin ycosysind  sinycos$  cosy cosy —sin ysiny sin g
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The unit axes are
HxSxH HxS
|Hxﬂ |Hxﬂ
The transfer matrices M1, M2 from secondary frame of reference Opqr to orbital and body
frame of reference relatively are

p=H;

H,|HxS| Hy|H %S| H,|HxS|
T 1
M, =WSX_HX(H’S) SY_HY(H’S) SZ_HZ(H’S);
| g | HYSZ_HZSY HZSX_HXSZ HXSY_HYSX (4)
. H,,|HxS| Hy,|H xS H,,[HxS|
M/ :m Sy, —Hy (H,S) Sy —H,(HS) S, —H,(H,S)|
HYgSZg_HZgSYg HZgSXg _HXgSZg HXgSYg_HYgSXg

Using matrices M1 and My, let’s find the transfer matrix from orbital to body frame of ref-
erence. The result is
A, =M,M] ()
The angles 4, are found using the matrices A, and A, by well-known trigonometric re-
lations.
In this problem as the control object appears the model of nanosatellite angular motion [1]:
Lo, —,-1,)oo, =-M_+M_
Lo, -, -1)oo,=-M_+M (6)
Izd)z _(Ix - Iy)a)xa)y :_sz + Mzs
where [I, I, 1,] - the main central moments of inertia about the relative axes,
[MXY MW sz]Tand [MXB M
ments on the relative axes.
As the controlling moment let’s take the moment from magnetic coils [3]:
M, =LxH (7
where L - the dipole moment of the magnetic coil.
In general the disturbing moment could be written as follows [3]:
M, =M, +M, +M_+M (8)
where M, M, ,M_, M, - the vectors of disturbing moments of gravity, aerodynamics, solar radia-

tion pressure and from the Earth magnetic field relatively. In solving the formulated problems we
will take into account only gravitational and aerodynamic disturbing moments.

The anticipated accuracy of solving the problems: in the nanosatellite orientation determi-
nation problem it will be 10°; in the nanosatellite orientation control problem it will be + 5°.
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