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tract
The averaging method is applied to investigate the motion of a satellite with respect to the center
mass caused by gravitation and light pressure. It is assumed that the spacecraft is dynamically
smmetric and that its surface is a surface of revolution.

_Introduction

- The attitude evolution of spacecraft under various torques has been studied extensively over the
s few decades. A vast literature (e.g., see [1-13] and the bibliography therein) deals with the
=stigation of the motion of a satellite about the center of mass under the action of torques of various
msture (gravitational, magnetic, light pressure, and the like). Using the averaging method we
mwestigate the motion of a dynamically symmetric spacecraft due to gravitational and light pressure
gues.

2 Problem Formulation and Solution
Consider the motion of satellite with respect to its center of mass under the light pressure torques.
The center of mass of the spacecraft moves along an elliptic orbit around the Sun. Let us introduce
ce right-handed Cartesian reference frames centered at the center of mass of the satellite [1, 2]. The
ference frame OXYZ moves translationally so that the Y-axis is normal to the plane of the orbit, the
Z-axis is co-directed with the position vector of the perihelion of the orbit, and the X-axis is co-
rected with the velocity of the satellite center of mass at the perihelion. To define the direction of
‘angular momentum L of the satellite about the center of mass in the frame OXYZ, we introduce angles
‘¢ and o, as it done in [1 - 3]. To construct the reference frame OL,L,L associated with the vector L,
we draw the axis L, in the plane OYL so that L, is perpendicular to L and forms an obtuse angle with
‘the Y-axis. The axis L, complements the axes L; and L to right-handed trihedral. The axes of the
eoordinate frame OXYZ rigidly attached to the satellite coincide with the principal central axes of
“mertia of the satellite. The relative position of the principal central axes of inertia of the satellite and
the axes L, L) and L, are defined by the Eulerian angles ¢, v, and 0 [1-3]. The direction cosines a;; of

the X-, y-, and z-axes in the OL,L,L reference frame are related to the Bulerian angles ¢, , and 0 by

well-known formulas [1]. b

We neglect the moment of all forces apart from those of gravitational and of the light pressure.

Comparative estimate of gravitational torques for the satellite of the Sun cited in [1]. For the general

situation it is shown that the light pressure torques much more then gravitational. In our problem we
' azssume light pressure torque is of order of smallness & and gravitational torque is of order of smallness
E.

Gravitational torque acting on the satellite from side of the Sun has a form [1, 3]

M, =25 (C- Ay, (4-Ch"0) o
Here p is the gravitational parameter of the Sun, R=[R], y, v', y" are the cosines between radius-vector
Rand axes x, y, z.

We assume that the surface of the satellite is a surface of revolution with unit vector k of the
symmetry axis pointing along the z-axis. In this case [1, 4, 5], the torque M, due to the light pressure
forces applied to the satellite is expressed by
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where e, is the unit vector of the position of the satellite center of mass; & is the angle between the
vectors e and k defined so that | e, x k|=sin g R is the current distance between the center of Sun a
the center of mass of satellite; Ry is a fixed value of the variable R, for instance, at the initial time
instant; a(g;) is the coefficient of the torque due to the light pressure; S is the area of the shadow ¢ 5
the plane normal to the light flux; Z', is the distance between the center of mass of the satellite and the
center of pressure; p, is the light pressure at the distance R from the center of the Sun; ¢ is the velocity
of light; E, is the magnitude of the radiant energy tlux at the distance R, from the center of the Sun.

In what follows, we assume that a;=a.(cos &) [1] and approximate the function a, by polynomi
in cos &. The light pressure torque has a force function depending only on the orientation of #
symmetry axis of the body [1]. We represent the function a.(cos g;) in the form

a, =dy +a,cose,. A
Now we consider only the second term of the expansion. Since the gravitational and light

pressure torque have a force function, the equations of the perturbed motion of the satellite can -
represented in the variables L, p, 6, @, v, and 8 in the form [3]
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The force function U depends on time (via the true anomaly v(t)) and the direction cosines as, Bs
and y; of the z-axis in the reference frame OXYZ; it has the form U=U(w(t) 03, B3, v3). System (4) must

be completed by the equation describing the variation of the true anomaly in the time. In the case of
circular orbit (e=0) we have

dv P ey | 4 ,...
__-—0 L@ T — : |
’ =), 0y = 3 —U.LP J {

Here o, is the average angular velocity of motion of the center of mass along the circular orbit; ; s
is the period of revolution of the satellite; € and P are the eccentricity and the focal parameter of the
orbit, respectively, p is the product of the gravitational constant by the mass of the Sun.
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We consider the force function consists of two terms caused by the influence of gravitational
prgue and light pressure torque U=Ug+U. The force function caused by the influence of a
svitational torque has a form [3]

2
; 3w
U, =—2(4-Ch"
=g ( i (6)
7" =0 sinv +y; cosv
t the . ; .
el The force function caused by the influence of a light pressure torque has a form
time 3
¥ om ; Rzmé o ;
| the Uc(cossc)=—ﬂ—]‘(y3 COSV + 5 smv)z. (7)

Zp%

The direction cosines vz and v3 can be expressed via p, o, 0, and v according to well-known
We investigate the motion of a dynamically symmetric satellite in assumption that angular
socity © of the motion of the satellite about the center of mass much more than angular velocity of
gital motion @y, i.e. e=my/o~Amy/G<<]. Assume that the coefficient of the light pressure is of the
sder of ¢ and gravitational torque is of the order of &%, where ¢ is a small parameter, 0<e<<1,

~ We investigate the solution of the system (4)-(7) for small ¢ on a large time interval t~e”. We
sform the averaging with respect to y and v {1, 3].

We turn to dimensionless variables and denote t =t L'=L/L,. We introduce small parameters

. 4
3 —C)/(LOQU)-: sz,Rgm(éal/(u%Lﬁﬁo] =& where € is angular velocity of the motion of

3)

g

ite relative to its center of mass in the initial moment of time, L is a value of the angular
_ entum of the satellite in the initial moment of time.
- After the averaging by y we have

L' = const
) gg = %(I - -;—sin2 8] sin p cos(o —v)sin(o — v)(3s2 - e) (8)
% ﬂ% [l o % sin’ 9] cos pcosz(s - v)(352 - s)

- System (8) is a system of the form

E=gEi(E)+a"T,0(E). ©

We use method of successive approximations by the power of a small parameter ¢ [14] for
Estigation system (8).
‘We solve at first the equations of the first approximation

LR R

) &1 =821(§1)
(10)
%zzl(ﬁ.l)
T

Here t=¢t.
After the averaging by v system (8) takes a form
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g =
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From where we receive
P="Poy
e —2—2—'(1 —%sin2 jSos Pot + 0

Here py, op are initial values of the angles p and .

After that we integrate system (10) or (11) we look for the solution of the system of the secom

approximation for £=&;

s,

I Z( 2)+822(5:2)

in the form

£, () =& (z)+e8E,(t)+£2...

In our problem we must solve the equations of the form

d (591) !

—-;(1 —Esin2 0 lcospy x
dv 2L 2

x sin{— oL [l - -Fisin2 6‘] cosp, + 20, — 2\*:’591 +

2L 2
+ "2%[1 - %sin2 9] sinpg sin{a %[I - g—sinz 9)005 Py + 20, —EV]
d—@—g—l) s 1 _ésinz 0 [cospy x
at’ I 2

x sin[— % (1 - f;-:sin2 9} cOs Py + 20, — 2\!}86l +

’ - 1
+ %[1 - Esinz 9) COS Py cosz[——z%(i w-;—sin2 BJ COSpy + 0y — VJ

[ee]

Here 17=¢t’.

We solve the linear nonhomogeneous differential equations of the first order (15), (16) and

define

3 = ex_p{— -;-cos[-— E_’
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8o, =3C, + exp{% (1+ 3s)sin[§%; cos py(~1+3e)t'(2 + 3c0s 20) +
(18)

+20, - 2v]- el & (21;;605 20 +(o, - vl + 38)}

Thus we find the solutions of the system of the second approximation in the form

p=py +£C, exp{—- —zl-cos[— E—(l - gsin2 8] cosp, + 20, - QVJ} +3stgp, (19

€ 3 2 y
c= ~E(l-531n GJcospOt-ro-o +3eC, +

+e exp{% 1+ 3z)sin[§% cosp,(=1+3e)'(2 + 3cos 20)+ (20)

+20, - 2v]- 2 p0(21-;;cos 20k +(op V)1 + 38)}

3. Conclusions

We have investigated the evolution of the rotation of a dynamically symmetric satellite acted
upon by the gravitational torque and light pressure torque. New properties of the rotations of the
satellite are established. This case is of interest both theoretically and in applications.
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