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Abstract

In this paper, the effect of Lorentz force on the stability of attitude orientation of a charged spacecraft moving in an elliptic

orbit in the geomagnetic field is considered. Euler equations are used to derive the equations of attitude motion of a charged

spacecraft. The equilibrium positions and its stability are investigated separately in the pitch, roll and yaw directions. In each

direction, we use the Lorentz force to identify an attitude stabilization parameter. The analytical methods confirm that we

can use the Lorentz force as a stabilization method. The charge-to-mass ratio is the main key of control, in addition to the

components of the radius vector of the charged center of the spacecraft, relative to the center of mass of the spacecraft. The

numerical results determine stable and unstable equilibrium positions. Therefore, in order to generate optimum charge, which

may stabilize the attitude motion of a spacecraft, the amount of charge on the surface of spacecraft will need to be monitored

for passive control.
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1. Introduction

An important aspect of the attitude dynamics of a
spacecraft is the control of its attitude motion. Recently, a
novel attitude orientation and formation flying concept using
electrostatic propulsion has been proposed in [1], [2], and
[3]. The charge of the spacecraft is controlled, to generate
inter-spacecraft Coulomb forces. Such forces can be used to
re-orient, or attract or repel the spacecraft from each other,
and thus control their relative attitude motion. Studying the
electrostatic charging data of the geostationary SCATHA
spacecraft 7, it became evident that it is possible to generate
forces of the order of 10-1000 zN [4]. The phenomenon of
spacecraft surface charging was discovered after the launch
of an artificial satellite, and therefore the orbital motion of

a charged artificial satellite affected by Lorentz force was
studied by [5], [6] and [7]. Therefore, the Lorentz force is a
possible means for charging, and thus controlling spacecraft
orbits, without consuming propellant. The work in [8]
was the first to introduce a control scheme using Lorentz
augmented orbits. The spacecraft orbits accelerated by the
Lorentz force are termed Lorentz-augmented orbits, because
the Lorentz force cannot completely replace the traditional
rocket propulsion. After [9], a series of papers [10-13] applied
charged control techniques to the utilization of Lorentz forces
for satellite orbit control.

In [14], the author studied the stability of the equilibrium
position due to Lorentz torque, in the case of a uniform
magnetic field, and cylindrical shape of an artificial satellite,
moving in circular orbit. In [15], the author investigated the
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attitude motion of a charged pendulum satellite moving in
circular orbit, having the shape of a dumbbell pendulum, due
to Lorentz torque. Their studies of the stability of equilibrium
points focused only on pitch position, within the equatorial
plane.

In this paper, we develop a new model for the torque due
to the Lorentz force, for the general shape of a spacecraft
moving in an elliptic orbit, in the Earth’s magnetic field. We
assume that the the Earth’'s magnetic field isacting asadipole.
The main objective of this work is to study the possibility of
using Lorentz force as a source of attitude stabilization. We
developed components of the Lorentz torque, as functions of
orbital elements. This allows us to study the relation between
translation motion and rotational motion of the spacecraft,
which is not possible in the case of [15], who considers the
spacecraft moving in circular orbit only. The equations of
motion for the attitude orientation are developed, using
Euler-Poisson Equations. We investigate the equilibrium
positions and its stability separately in the pitch, roll and yaw
directions. Studying all the three directions is important,
because it is not guaranteed that if the spacecraft is stable
at an equilibrium in one direction, then it will be stable in
another direction as well, for example the roll direction or
yaw direction. In addition, sometimes it is also possible to
achieve a maneuver in different directions, and therefore the
one which consumes less energy will be chosen. Therefore,
it is important to know stable equilibriums in all three
directions. We also identify attitude stabilization parameters,
and determine the parameter of passive control, using
Lorentz force for each direction. The analytical solution
confirms that the charge-to-mass ratio is the main key of
stabilization, in addition to the components of the radius
vector of the charge center of a spacecraft, relative to the
center of mass of the spacecraft. Numerical analysis are is
used to identify stable and unstable equilibrium positions.

2. Spacecraft model and Torque due to Lo-
rentz force

2.1 Spacecraft model

A rigid spacecraft is considered, whose center of mass
moves in the Newtonian central gravitational field of the
earth, in an elliptic orbit. We suppose that the spacecraft is
equipped with an electrostatic charged protective shield,
having an intrinsic magnetic moment. The rotational
motion of the spacecraft about its center of mass is analyzed,
considering the influence of gravity gradient torque T, and
the torque T; due to Lorentz forces, respectively. The torque

T, results from the interaction of the geomagnetic field with
the charged screen of the electrostatic shield.

The rotational motion of the satellite relative to its center
of mass is investigated in the orbital coordinate system C,,,
with C, tangential to the orbit in the direction of motion,
C,, lying along the normal to the orbital plane, and C, lying
along the radius vector r of the point Oy, relative to the center
of the Earth. The investigation is carried out assuming the
rotation of the orbital coordinate system, relative to the
inertial system, with the angular velocity Q. The system Oy,
is taken as an inertial coordinate system, whose axis OZ(k) is
directed along the axis of the Earth’s rotation, the axis OX(7)
is directed toward the ascending node of the orbit, and the
plane coincides with the equatorial plane. Also, we assume
that the satellite’s principal axes of inertia C,

fixed to the satellite (i, j,, k,). The satellite’s attitude may be
described in several ways; in this paper, the attitude will be

are rigidly

described by the angle of yaw ¥, the angle of pitch ¢, and
the angle of roll ¢, between the axes C, ., and Oyy,. The three
angles are obtained by rotating satellite axes from an attitude
coinciding with the reference axes, to describe the attitude in
the following way:

- The angle of precession ¥ is taken in the plane orthogonal
to the Z-axis.

- 0 is the notation angle between the axes Z and z,

- ¢ is the angle of self -rotation around the Z-axis

According to [16], we can write the relationship between
the reference frames C,,. and C,, .

A, which is the matrix of the direction cosines «,, 5,,7,,(i=1,
2,3)

as given by the matrix

a o, 0
A=|B B B (1)
V2 Vs

where,

a, =cosy cos@—siny sing@cos b,

a, =—cosiy sin ¢ —cos@siny cos @,

a, =sin@siny,

S, =siny cos p+cos @ cosy sin @,

p, =—siny sin g+ cos @ cosy cos g, 2
f, =-sinfcosy),

7, =sinfsin g,
¥, =sinfcos g,
¥, =cos6,

and,

a = aji, +a, j, + ask,, /g = By, + By, + Bskys 7 = 11y + 70y, + 75Ky (3)
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3.Torque due to Lorentz Force

We use spherical coordinates to describe the magnetic
and gravitational fields, and the spacecraft trajectory, as
shown in Figure 1; and the x, y and z axes form a set of Inertial
Cartesian coordinates. The Earth is assumed to rotate about
the z-axes. The magnetic dipole is not tilted, and is therefore,
axi-symmetric. The spherical coordinates consist of radius 1,
colatitude angle @, and azimuth from the x direction © (see
Figure 1).

The magnetic field is expressed as

E=%[2cos®f+sin<b<i)+(—)®} )

where, B, is the strength of the magnetic field in Wb.m. The
acceleration in inertial coordinates is given by

i=—=-57+L@ xB), (5)
m r m

where, 4 is the charge-to-mass ration of the spacecraft, and
m

[7"91 is the velocity of the spacecraft relative to the magnetic
field of the Earth. The Lorentz force (per unit mass) can be
written as follows:

FL = 1(17”'1 X E)a (6)
m
V,=V-d,xF, 7)

where, J/ is the inertial velocity of the spacecraft, and o, is
the angular velocity vector of the Earth. According to [11], we

use

V=it+rdd+rOsin®0O ®)
and,

Ferf, ©)

Fig. 1. Spherical coordinates used in the derivation of the equations
of motion
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@ =w 2, (10)

7 =cos® 7 —sin® . (11)
Therefore, the acceleration in inertial coordinates is given
by:

vaL _ 9B,

- [—((;)—a)‘,)(sin2 D7 +sin(2d))<i>)+(£sin<b—2<i> cos CD)@)} (12)

In the case of Torque, it is very important that FL is
decomposed intoradial, transverse, and normal components
(R,, T,, N,). The unit vector 72 normal to the orbit is collinear
with the angular momentum unit vector .

ﬁ=ﬁ:(;7><l7)/ wp=rlJupOsin®d+d6), (13)

where, p=a(1-¢?), u is the Earth’s gravitational parameter, a is
the semi-major axis, and e is the eccentricity of the satellite’s
orbit. The transverse unit vector 7 can be calculated from the
right-handed set, 7 = 3x 7. Decomposition of the Lorentz
force experienced by the geomagnetic field into the radial,
transverse, and normal components, respectively, yields:

. 4B .

R, =F, i=L20]p —0lsin?® (14)
mr

TL:ﬁL-tAzi By [i(é)sinzd)—Za)ercos(Dsin‘l)} (15)
m Juplr

N, -F a4 B ‘:2@(@,—@)sinztbcosﬂ)+£®sind)—2d>zCosﬂ)}. (16)
m r

The relationship between the spherical coordinates and
the orbital elements is required, to write the components of
the Lorentz force as a function of the orbital elements.

r=p/(l+ecosf), a7
}?=emsinf, (18)
cos® =sinisin(w+ f), (19)
sin® = \/1—sin2isin2(a)+f), (20)
b=y sinicos(w+ f) (l+ecosf)2, 21)

\/1—sin2l'cosz(60+f)

cosi

1-sin’sin’(@+ )

O=Julp’ (1+ecosf)2, 22)
where, i, ® and f are the inclination of the orbit on the
equator, argument of the perigee, and the true anomaly of
the spacecraft orbit, respectively. Therefore, rewriting the
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components of the Lorentz force due to the geomagnetic
field as a function of the orbital elements, we obtain

R, = %%[ @,[1=sin’isin’(@+ / )]—u/p’ cosi(1+ecos f)’ } (23)
7 -4 5 \/ﬂ/l’ cosi(1+ecos /) +2a, ulp’ x
L m

\/E sin lsm(aH—f)cos(a}-%—f)(1-%—6cosf)2

[ [1=sinsin’(@+ /)] ’WCOSi(1+ecosf')z]x
1 NI /p cosi 1+eco€f +7 ,U/p Cosi7 y
(H—ecosf) s sin’icos’ (w+f)sm(w+f)
P l=sin%icos’(@+ f)

(1+eccosf)4

Itis assumed that the spacecraftis equipped with a charged
[ods
N

distributed over the surface, with density c. Therefore, as in

surface (screen) of area S, with electric charge q=

[1], we can write the torque from these forces, relative to the
spacecraft’s center of mass, as follows:

T, = Laﬁx (V x B)dS, (24)
where, p is the radius vector of the screen’s element dS
relative to the spacecraft’s center of mass, and J/ is the

velocity of the element dS relative to the geomagnetic field.
Finally, the torque TL can be written as follows:

=Ty, Ty, 1) = Py x AT (V,, % B,), (25)

or,
=(T...T, TL:):pUXAT(RL’TIJNL)T’ (26)
Po = Xoby + Yoy + 20k, =g~ J.O'PdS 27)

P, is the radius vector of the charged center of the
spacecraft relative to its center of mass, and A" is the
transpose of the matrix A of the direction cosines @, £, 7.

4. Analysis of the attitude motion
The Euler-Poisson equations are used to describe the
attitude dynamics of a rigid spacecraft.
ol +oxdl =T, +T,, (28)
a+axd=-QF, f+Bxd=0, y+ixd=Qa, (29

where, T, = 3sz7>< 71 is the well known formula of the
gravity gradient torque, I=diag(4, B, C) is the inertia matrix of
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the spacecraft, Q is the orbital angular velocity, and & is the
angular velocity vector of the spacecraft. According to [16],
the angular velocity of the spacecraft in the inertial reference
frameis @ = (p,q,r), where:

p =y sinB@sin g+ Ocos ¢
g =y sinfcosp—Osing
r =y cosd+¢.

4.1 Attitude motion in the pitch direction

Assume the attitude motion of the charged spacecraft
in the pitch direction, i.e. w=¢=0,0=0. Applying this
condition in the Euler equation of the attitude motion of the
spacecraft in Eq (28), we derive the second order differential
equation of the motion in the pitch direction:

d’0

AT:(C B)(3Q* —1)sin@cos@+(z, N, — y,T,)sin 0+ (y,N, —z,T, ) cos 6.

(31)

Let

Yo =k 2, (32)

where, k is arbitrary number. Here k=1, corresponds to the
spherical shape of satellite, k>1 corresponds to complex
shapes, and k<1 corresponds to a cylindrical shape satellite.
Then, equation (31) takes the following form:

—1)sin@cos O+ z,(N, —kT,)sin 0+ z,(kN, —T,)cos6. (33)

dr’

In the right hand side of this equation, the first term
represents the gravity gradient torque, while the second and
third terms represent the Lorentz torque.

4.1.1 Numerical simulations in the pitch direction

In this section, the equilibrium solutions for the spacecraft
will be studied in the pitch direction, using two specific
examples. The stability of the derived equilibrium solutions
will be discussed using the phase diagrams. By putting
the values of orbital elements a=6900km, e=0001, i=51°,
J=60° and Q=1.1x10"rad/sec, B=55kg/m? C=57kg/m? and
B,=-8.00x10"'®* Wbm in equation (33), we get the following
equation:

de

A=

o 2z,(c0s 8(0.006 +0.01 1k ) +sin (0.006k +0.011))—0.999sin 26. (34)

where, 4 = % C/kg is the charge-to-mass ratio. For a very

small value of A and 0<k, z,<3 the equilibrium points are
close to nz/2 (Figure 2 (a)). Equilibrium points close to nz
are stable (black dots in Figure 2), and equilibrium points

http://ijass.org
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close to

1
7 are unstable (red dots in Figure 2). Two A and z,, as both the position and stability of equilibrium

typical examples are given for 1=0.001C/kg, k=1, z,=1m and positions are affected

To furth lyze the eff f h
A=1, k=z,=2. In the first case, the equilibrium points are at o further analyze the effects of parameters 4 and kon the

existence and stability of equilibrium points, we take another

T 3z . T
0= O,E,ﬂ ,7,27f ; and in the second case, the equilibrium example, with B=240kg/m?and C=250kg/m?>. In this case, the
points are at 9=0.013, 1.55, 3.12, 4.69, 6.26. They are shown in differential equation in the pitch direction becomes:
Figure 2 (a) and Figure 2 (b), respectively, which look almost A‘:Tf = c0s6((0.006 + 0.011k)Az — 10sin6) + (0.01 + 0.006k)Azgsing. (35)
identical. For higher or negative values of A (charge to mass
ratio), or higher values of z,, the position and stability of the In this case for 0 < @ < 27, there are five equilibrium points

equilibrium points change significantly, see Figures 3 to 5. atg ~ 0.% .3% 21, when—5< 4 < 5.In the case when B>C
’ 2; ) 2 ’ ’ —J= = J

In Figure 3 (left), there are two equilibrium positions at @ i o N
=2.68 rad (stable)and §=5.03(unstable), for A=5 and z,=7. and /,=0.001, refer Figure 4 (left), the equilibrium positions at

In Figure 3 (right), there are four equilibrium positions at 0=0, T, 2n are unstable, and at § ~ %,37” are stable; while in
@=1.75rad (unstable), 3.54rad (stable), 4.37rad (unstable),

the case B<Cand =1, refer Figure 4 (centre), the equilibrium
6.04 rad (stable), for, A1=-4 and z,=4. A comparison of Figure 3
positions at #=0, m, 2n are stable, and at 6 =~ 50 are

2 and Figure 3 clearly shows the effect of changing values of

sl= .D \ of 1
IANIAN
A

2l

Fig. 2. Trajectory in the G—% phase plane, when a=6900km, e=0001, i=51°, f=60°(Left): A=0.001, k=z0=1, A=53, B=55, C=57. (Right): \=1, k=z0=2,

A=53, B=55, C=57. Black dots correspond to stable equilibrium points, and red dots correspond to unstable equilibrium points.
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Fig. 3. Trajectory in the 6—% phase plane, when a=6900km, e=0001, i=51°, f=60°(Left): A=5, k=3, zo=7, A=53, B=55, C=57. (Right): A=-4, k=3, z;=4,

A=53, B=55, C=57. Black dots correspond to stable equilibrium points, and red dots correspond to unstable equilibrium points.
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Fig. 4. Trajectory in the 9—% phase plane, when a=6900km, e=0001, i=51°, f=60°(Left): A=0.001, k=1, zo=1, A=53, B=250, C=240. (Center): A=1, k=1,
Zo=1, B=240, C=250. (Right): A=20, k=1, zo=7, B=240, C=250. Black dots correspond to stable equilibrium points, and red dots correspond to

unstable equilibrium points.

of the spacecraft in Eq (28), we obtain the second order

unstable. For higher values of 1, the equilibrium position at ) i . o o
. - . S differential equation of the motion in the roll direction.
O=2n disapears, as can be seen in Figure 4 (right), which is
given for 1=20. If we compare Figures 2, 3 and 4, for changing Cdifﬁ — Q2 (U= Bysingoos p—(x, R, —y,T,)sing+(x, T, — yoR, cosg (36)
values of /] and z,, the equilibrium positions moved to the d
right. Therefore we can conclude that the values of 1 and z, Let
have a significant effect on the location and stability of the
equilibrium points. Hence, these parameters can be used Yo = hxi. @7)
'for Passi\./e C(')Iltl'Ol. A complete set of equilibrium positions Then, equation (36) takes the form:
is given in Figure 5, to show the effect of the components
¢ =Q(A-B)sin gcos g+ x,(kT, — R, )sin ¢+ x,(T, — kR, ) cos ¢ (38)

of moment of inertia (B and C) of the spacecraft on the o
location and existence of equilibrium positions. Figure
5 (left) is given for B=55 and C=57, where the equilibrium
positions have a complicated dependence on the values of 1
and k. Figure 5 (left) is given for B=240 and C=250, where the
equilibrium positions have an almost linear dependence on

A and k.

In the right hand side of this equation, the first term
represents the gravity gradient torque, and the second and
third terms represent the Lorentz torque.

4.2.1 Numerical simulations in the roll direction

In this section, the equilibrium solutions for the spacecraft
4.2 Attitude motion in the roll direction will be studied in the roll direction, using two specific
examples, in the same way as has been done for the pitch

direction. This will allow us to make comparisons, wherever
possible. The stability of the derived equilibrium solutions
will be discussed, using the phase diagrams. Let Q=1.1x10-

In this section, we study the attitude motion of the charged
spacecraftin the roll direction, i.e. iy = 6 =0, ¢ # 0. Applying
this condition to the Euler equation of the attitude motion

= W g /
o i o : 4
ey R .
L G ;:;fz;‘fi
t A e PR aseusad b ety i
ca g - i
o} oho o w i
L 7 Wiinsensnngy i
- / i o
; o 7 Ay 1y
. v enidirnsiiss) i
% o # 7. 0 4 W
i 4 / 4 /

Fig. 5. Family of equilibrium solutions in the pitch direction when ze=1, a=6900km, e=0001, i=51°, f=60° (Left) B=55, C=57, (Right) B=250, C=240.
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‘rad/sec, By,=-8x10""Wbm, A=53kg/m? and B=55kg/m?.
Then, the differential equation in the roll direction becomes:

d’¢ 4 s
CW=[3.49><10 A(sing+cosg)—121x10sin2¢]  (39)

where, ,I:EC/ kg is the charge-to-mass ratio. It is
m

straightforward to show that for each value of ¢, there
2

exists at least one A at which = 0. Therefore, to have an

t2
equilibrium, the following relationship between A and ¢
must hold, which shows the existence of a continuous family
of equilibrium solutions from 0 to 27, except at $=2.356 and
$=5.497:

1= 3.5x107sin(2¢)

. (40)
cos @ +sin¢g

Conversely, there exists at least two equilibrium points
for each value of 4. One of these equilibrium points is
stable, and one of them is unstable. In the special case of 4
=0, which corresponds to a satellite without charge, there

3
are five equilibrium points at ¢ = 0,%,7[,7” and 2. The

equilibrium points 0, 7 and 27 are stable, and the remaining
two are unstable. They are shown in Figure 6 (left). In the
cases of non-zero A i.e. charged spacecraft, there are only
two equilibrium positions where one of them is stable, and
another one is unstable. Two typical examples are shown
in Figure 6 (centre) and Figure 6 (right), for 21=-10C/kg and
A=10C/kg, respectively. The numerical value of 1 has a
significant effect on the location or nature of the equilibrium
point. For 1>0, the two equilibrium points are found at
around ¢=2.28rad(stable) and ¢=5.57rad(unstable). For
A <0, the locations of equilibrium points remain the same,
while their nature is reversed.

To further analyze the effect of the parameters 4 on the
existence and stability of equilibrium points, we take another
example with A=230 and B=240. In this case, the equation of

motion in the roll direction becomes:

d’p o .
e = [3.49x10* A(sin ¢ + cos #) — 6.05x 10" sin(2¢))

(41)

As in the first case, to have an equilibrium, the following
relationship between A and ¢ must hold, which shows the
existence of a continuous family of equilibrium solutions
from 0 to 27, except at $=2.356 and ¢=5.497.

a1 0.017sin(2¢)

: . (42)
(sing +cos )

In this case, the locations of the equlibrium points remain
identical to the case discussed above. The nature of the orbits
is reversed, except for the case when 4=0.

4.3 Attitude motion in the yaw direction

In this section, the attitude motion of the charged
spacecraft in the yaw direction will be discussed. Let
¢=6=0,y #0. Applying this condition to the Euler
equation of the attitude motion of the spacecraft in Eq (28),
the equation of the motion in the yaw direction is obtained.

(A—B—C)Qsinl//[;—l/t/=zo[RLcosy/—TLsinl//]—xONL 43)
Let

X, =k z,. (44)
Then, equation (43) takes the following form.

dy z, N,
——=—"9__[R, coty —-T, —k—L]. 45
d (A-B-Cop ety Timk (42)

4.3.1 Numerical simulations for attitude motion in the yaw
direction

Itis clear from the equation of motion in the yaw direction
that the values of A, B, C and z, have no effect on the

NTATA| faT—o =
’2§{§j/§’§§\\\\5¢//}:\* v AT,
H-DRGHE)A
jY ALY AN ZaN\N N //AN
AUAY ANE N2
ZAYAY - | T

Fig. 6. Trajectory in the 6-':—‘: phase plane, when a=6900km, e=0001, i=51°, f=60°(Left): A=0, A=53, B=55. (Center): A=-10, A=53, B=55(Right): A=10,

A=53, B=55. Black dots correspond to stable equilibrium points, and red dots correspond to unstable equilibrium points.
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existence of equilibrium solutions. For any ¥ = i/ to be an
equilibrium, it must satisfy the following equation:

R, cosy =T, siny —kN, =0 (46)

Let z,=1, a=6900km, e=0.001, i=51°,and f=60° then,
equation (46) takes the following form:

2(0.006 — 0.006coty) — 0.011kcscyp) = 0. 47)

It is obvious from equation (47) that 1 has no effect on
the existence of equilibrium positions. For each k&(0,
0.6126), there is one equilibrium point; and for k(0.6126,
0.8435), there are two equilibrium points. For all other
values of k, there are no equilibrium points. For a complete
list of these points, see Figure 7, which shows the above
mentioned intervals for the existence of one and two
equilibrium positions. Figure 7 also confirms that there are
no equilibrium positions for k>0.8.

Using the same procedure used for the roll and pitch
directions, it can easily be shown that the equilibrium
positions that exist when 0<k<0.6126 is a source node or
unstable node. Similiarly, one of the two equilibria that exist
when 0.6126<k<0.8435 is a source node, and the second

Fig. 7. Complete list of equilibrium solutions in the yaw direction,
when z,=1, a=6900km, e=0.001, i=51°, and f=60°

o) wirsy

Fig. 8. Trajectory in the -2 phase plane, when zo=1, a=6900km,
e=0.001, i=51°, f=60° (Left): k=0.3. (Right): k=0.8. Black dots cor-
respond to stable equilibrium points, and red dots correspond
to unstable equilibrium points.

89

one is a stable centre. An example is given in Figure 8, for
fixed values of k=0.3 and k=0.8. When k=0.3, Figure 8 (left),
there is only one equilibrium position at y=1.17rad, which
is unstable; and at k=0.8, Figure 8 (right), there are two
equilibrium positions, at =2.076rad,and 1=2.70rad. The
first equilibrium is unstable, while the second one is stable.
As opposed to the other two directions, the only parameter
that affects the existence of equilibrium positions is k, which
is connected to components of the radius vector (g,) of the
charged center of the spacecraft, relative to the center of
mass of the spacecraft.

5. Conclusions

In this paper, a new approach for the torque due to the
Lorentz force as a function of the orbital elements of a
spacecraft is developed, for a general shape of a charged
spacecraft moving in an elliptic orbit. The equations of
motion for the attitude orientation are developed, using
Euler-Poisson Equations. We investigated the existence of
equilibrium positions, and its stability separately in pitch,
roll and yaw directions. The Lorentz force was introduced
as the source for attitude stablization of a general shape
spacecraft. We identified attitude stablization parameters for
each direction (pitch, roll and yaw), and determined specific
values of the aforementioned parameters. The numerical
results show the exact location of stable and unstable
equilibrium positions. It is shown through numerical
simulations that the charge-to-mass ratio, and the radius
vector (Py) of the charged center of the spacecraft relative
to the center of mass of the spacecraft, work as a passive
control, in the pitch and roll directions. The charge-to-
mass ratio has no role to play in either the existence, or the
stability, of equilibrium positions in the yaw direction. The
only parameter of stability in the yaw direction is fg. It is
also shown that there will be no equilibrium solution, if the
x-component of f is greater than z,. Therefore, monitoring
the level of charge on the spacecrafts’ surface is important, in
the sense that it can be used as passive control for the attitude
dynamics of the spacecraft. It is not possible to provide an
exact range for 4, but a range of -1 to 1 will be the easiest to
achieve. Higher values of 1 are theoretically possible, and
can be realised in the case of very large satellites.
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