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Abstract -In the paper are presented studies regarding the
possibility to use a three degrees of freedom parallel
mechanism for the TV satellite antenna orientation. The
advantage to use a spatial parallel mechanism consists of
their good stiffness and their capability to manipulate heavy
loads. The relationships between the satellite angles (Azimuth
and Elevation) and the Euler angles are derived. The
algorithms for the geometric and kinematic models are
solved. Based on these algorithms, the actuated joint
coordinates and the passive joint coordinates are computed,
corresponding to the antenna erientation over two
geostationary satellites. Using a numerical simulation, the
diagrams for the actuated joint coordinates and speeds are
represented.

I. INTRODUCTION

The TV reception via satellites is a relative new
technique. In order to ensure an almost permanent
connection Earth-satellite and reverse, it was necessary to
use geostationary satellites, which must have the orbital
plane in the equator plane of the Earth, and the height with
respect to the ground at about 36000 Km, The first
geostationary satellites were launched in USA between
1963-1964 [1]. The TV public broadcasting with help of
geostationary satellites has begun in 1978.

On a geostationary satellite act simultaneously the
gravitation force and the centrifugal force. In order to
ensure the satellite stability, these two forces must be
equal. This condition together with the phasing condition
yields to the values of the orbital parameters of the
geostationary satellite:

-satellite rotation period T=86164 sec.;

-satellite height h=36779 Km;

-satellite orbit radius d=r+h=42156 Km, r=6377 Km
represents the earth radius on the equator;

-satellite speed v;=3.075 Km/s.

Because the solid angle of the antenna is only 3°5°, the
antenna orientation could be made only knowing at first
the satellite position with respect to the receiver.
Generally, the S satellite and the R receivers are located on
different meridians (figure 1).

The receiver position is given by two coordinates: fp -

receiver latitude and Ap - receiver longitude. The satellite
position is given by: /4 — satellite altitude and Ag - satellite

longitude.
The parameters, which determine the relative position of
the satellite with respect to the receiver, are:
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Fig. 1. The relative position of the satellite with respect to the receiver

@ - the elevation angle means the angle between the RS
direction and the tangent plane in R on the Earth (the angle
between RS and the tangent on the RS, circle);

@ - Azimuth angle means the angle between the
receiver meridian and the tangent on the RS, circle;

s — the distance between the satellite and the receiver.

These three parameters could be computed by mean of
the known relationships from the spherics:

Q= atan———————————mn(;fs AR (1)
sinflp
cos & -~
] :atanT-,' & =acosfcosOg cos(dg —Ag )] (2)
sin

S=h1/1+2%(]—c055) 3)

Practically, for the antenna orientation it is important to
find out only the angles ¢ and &.

The low weight receiver antenna orientation could be
made with an open kinematic chain mechanism of type RR
(figure 2). Another solution could be a mechanism with
closed kinematic chain of type RT (figure 3).
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Fig.2 Serial kinematic chain
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Fig. 3. Closed kinematic chain

The heavy antenmas are located in zomes with strong
winds require orientation mechanisms with high rigidity.
In this case a solution is the using of the parallel
mechanisms.

Dunlop a.0. [2] presents a Stewart platform prototype for
a radio antenna orientation that assures a wide operating
range avoiding the singularities. They have found an
original technological solution of equivalence for the upper
joints in order to allow significant rotations for the mobile
plate. The rotary actuators are mounted on the base and
connected through Cardan joints to the screws, which vary
the arms lengths.

Meschini a.0. [5] present the study of a parallel
mechanism with six degrees of freedom of type MSSM
(Minimal Simplified Symmetric Manipulator- MSSM)
after [4] for a satellite antenna with double reflector. The
mechanical system consists of two platforms which are
connected through six extensible legs. On each platform is
mounted a reflector for signaling,

In this paper, for the TV receiver antenna a parallel
mechanism of type 3-RRS is proposed to be used. This
mechanism has two orientation degrees of freedom and
one translation degree of freedom. The workspace and the
singularities for this mechanisms type was studied in [6].
The kinematic analysis of a similar mechanism of type 3-
RTS was presented in [4].

The kinematic scheme of the 3-RRS mechanism is
presented in the figure 4. It consists of: i) upper platform
on which the antenna dish is mounted, ii)) three kinematic
chains with an actuated rotation joint, a passive rotation
joint and a spherical joint and iii) the base. The spherical
joints centers are equally located on 120° and on the r
distance with respect to the center of the mobile plate. The
actuated joints centers are also equally located on 120°
and on the R distance with respect to the center of the fixed
plate. Theoretically, the passive spherical joint centers
located on the mobile plate are imposed to remain each of
them on a mobile curve with one degree of freedom with
respect to the base (figure 5).

In the paper we propose the possibility to use the 3-RRS
mechanism for the receiver TV antenma orientation. In this
case, the pgeometric model is solved, deriving the
connection between the relative coordinates of the satellite,
the Cartesian coordinates of the mobile plate and the joint
coordinates of the mechanism. The kinematic model is also
established.

T (q)

Fig. 5. Theoretical model

IL. DERIVING OF THE GEOMETRIC CONTROL
EQUATIONS

Knowing the position of the mobile plate A;4;43
(figure 4) with respect to the base B;B;Bj3 through the Z
coordinate of the platform centre and the Euler angles
a, 3, the joint coordinates g; and the passive coordinates
u;are derived. Because the mechanism has only three

degrees of freedom, the other coordinates X and ¥ of the
mobile plate centre and the thirds Euler angle y will be
derived with respect to the Z,a, f parameters.

In order to establish the geometric control equations, the
parametric equations of the guiding mobile curves are
used, on which the centers of the spherical joints are
moving with respect to the base:



X; =(R - Leg; —leu; Jed;
Y; =(R-Lcg; —lcu; )sd;
Z; = L.S‘qz' —F—lsui

i=123 @)

The Cartesian equations of these curves will be:

(X,-c&,--ﬁl’,-s&i—R+ch,-)2-t-(Z,--—qu,')2=12 d’) (5)
Xiso; =Y;ed; . b)

In the paper the notations are: s=sin and c=cos.

On the other side, the absolute coordinates of the guided
points 4; depend on the Cartesian coordinates of the

mobile platform:

Xi| [X] |y az az]||redi
; (=Y 1+|B8; Bo Byi-|rsélli=123 (6)
Zi | (2 Lr1 72 r34(0

The rotation matrix has the following form:

ayp az az
[RE]x(cr),y(;l'f),x(}')= Pr B2 B3i=
Yr ¥z Y3 (7N
cf sy spey
=| sasf  cocy -soacfsy -—casy-—socfcy
—casfi socy +cacfy - sasy +cacfey

By replacing in (5b) the expressions (6) and the values of .

the angles 5i:§f=(i—1)27ﬂ,i:1,2,3, the following

relations are derived:

X:‘;"‘(al‘ﬁQ) ®
Y =-rf3; ®)
ay = py (10)

The condition ay;=/; leads to the equation

sP sy = s sa which has the solution:
y=a (11)

The final form of [R | rotation matrix will be:

casp

cff sasp

[RE)=| sasp I—(1+ef)sia —%(I+cﬂ)s2a (12)

~casP %(I-%cﬁ)sza —l+(l+ch)la

We consider the satellite orientation is located with the
base on the vertical wall to the south, as in the figure 6.
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Fig. 6. Mechanism positioning

A geostationary satellite could be located only through
two angles named azimuth (¢ ) and elevation (&) (figure

1). The rotation matrix corresponding to the satellite angles
has the form:

cb 0 56
[Rs]=| sos0 co —spco (13)
—c@psf sp  cpch

From the condition that oz axis should be on the OS
direction of the satellite:

casfi=s6

I 2
—E(l+cﬁ)s a=-spct (14)
—]+(I+cﬂ)cza=c¢)c9

the Euler angles are derived with respect to the satellite
angles:
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spcé o
a =atan——— = L2 15
I+cpcl A =gz safcﬂ_] (15)

saca

Thus the Cartesian coordinates X, Y, ¥ of the mobile
plate has the expressions:

X=%r(c[)‘+(]+c;g)s2a—l) (16)
Y=—rsasf (17
y=a (18)

Now with the relations (6) the absolute coordinates of
the guiding points could be derived.

To obtain the joint coordinates the equations (5a) are put
into the form:

(19)

a;cq;+bjsg; =c; ;i=123

where:



a; =2L(X;cd; +Y; 55 - R)
bl‘ - ﬁszl
¢; =12 —1? —(X;c8; +Y; 58, - R)?

i=123  (20)

The solution of the equation system (19) is:

bic; ¥ a,-\fa,g +bi2 —61'2

(sqi)12=
! aiz +b,-2

i=1,2,3
a;c; i'bnfa{? +b,—2 —c;?
a,-z +b,-2
(59i )12
(eq; )12

(cqi )iz =

(9'1')1,2 =atan2 21

Practically, there is possible only one of the solutions
(21), depending on the initial mounting of the mechanism
(figure 7).

From (1), the rotation angles form the passive joint could
be computed:

Zj —Lsg;

i=123  (22)

u; = atan?

R—Leg; — Xjcd; —Yis6;

Fig. 7. Two solutions for the inverse geometric model

[11. INVERSE KINEMATICS OF THE MECHANISM
Knowing the moving equations of the mobile plate:

a=a(t), p=p(t)Z=2(t) (23)

and the first order derivatives d, ,5’ 7 and the second order

derivatives &, ﬁZ with respect to the time, the joint and
the passive speeds ¢;,#; and the joint and the passive
accelerations g;, #; are derived.

Between the unit vectors of the mobile reference
systems, those were obtained through the consecutive
rotations with the angles o, 2, @ (figure 8), could be

written the following relations:

264

i 1 0 o 1li]| |% cB 0 splli
71 ~li0 cx —san | |R|=| 0 1 0"
kg 0 sa ca |lp P -sB 0 ¢f||g
T o0 o0 i
il=|0 ca —-sal|j
q 0 sa ca ||k

(24)

The analytic expression of the angular speed is:

BT=aij+pu+ai (25)

The scalar components of the angular speed on the oxyz
refercnce system axes of the mobile plate are derived by
multiplying the relation (27) successively through the unit

vectors 1, J.k .

oy =afl+ecfi)
oy =asasp+ fea (26)
w, =acasf- Bsa

The modulus of the angular speed is:
w:ﬁz+2d2(1+cﬁ) (27)

The the angular speed projections on the base axes are:

X :—;r[d(ncﬁ)sza—ﬁ(1+s2a)sﬁ
Y:—r(dcasﬁ+ﬁsacﬂ) (28)

sy,

The scalar components of the ; guiding point’s speeds
result from:



X X O - o,||rcs
% |=|Y |+[Rg]l| @, 0 @, |rssi| i=123
Z; VA —wy, @y 0|0
{29)
Differentiating the equations
{X,—c§i+}’is§i=R—chl——lcu,— 30)
Zi=Lsg; +1su;

with respect to the time, the angular speeds are derived:

X,
| =123
Z;

G1)

cuj Su;

qi - ! T L
up | cdps(gi-ui)|_C4i S
! /

It was taken into account that
Y; e6; = X; 55; (32)
The joint coordinates could be derived by differentiating

the equations:

(XicS; +Ys8;—R+Log; )2 +(Z; - Lsq; )2 =1°,i=123
It results:
e (X;c8; +Y;58; — R+ Leg; )( X je8; + ¥i58; )+ (Z; — Lsq; )Z;
(X,-c&i +Y,‘S(5f - R)L.S‘qi +ZiLqu

(33)

Differentiating the equation (31), the relationship

between accelerations is derived:

o sw
G| _ 1 |L LX),
| edis(qi-w)|_c4i S || Z
’ ! /

—U; SUj _ U; CU;

N 1 L IAREIN
c&is(gi—u)| 9is9i  dicqi || Z;
! I
cuy _su |

Joldi—tijelgi—w)| L L [Xz} 1=123
6 (qi—u;) |9 59
I !

i

‘ (34)
where X; and 7 ; result from the relation known from
the kinematics:

0 -w, o,
- s @ 0 —a, |+
Xi X Z . * rc5;
N . — @y O 0 | (35
Y; |=|Y -F-[RE] | rsd; (35)
@y 0 -y
-y oy 0
in which:
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)?=ir[(d52a+2d252a)(1+c[1‘)1(ﬁ3ﬂ+,5"7c/5’)(1+32a)
—26fspsla]
f:gr[&casﬁ+ﬁsacﬁf(d2 +B2)sasﬂ+2riﬁ’cacﬂ]
(36)
Gy =d(l+ch)-cBsf
by =dsasp+featd’ casprafse(cp-1) G7)

@, = c'icasﬁ—ﬁ'ca—c’czsasﬁurdﬁca(sﬁ—])
IV. NUMERICAL RESULTS

An antenna mechanism of type 3-RRS, located in Cluj-
Napoca, Romania (Az =23.6°,0p =46.8°) with the
following geometric parameters:

R=045m L=04m [ =060m, r=015m,
8;=6]=0,87=55=120° 53 =65 = 240°

and two satellites: a) INTELSAT 907 (g = 27.5° VEST )
and b) INTELSAT (Ag =62° EST ).

Using the proposed algorithm for the geometric model
with Z=0.6 m the following output data were derived:

a. for INTELSAT 907
= The satellite angles: ¢ =—59.536°: 0=17.148° ;

= The Euler angles: a =-29.027°, §=19.706°;

® The coordinates of the mobile plate center:
X=0.03 m, Y=0.025 m;

= The actuated joint coordinates:
q;=131.312°; g5 = 127.061°; q> = 102.208° ;
= The passive joint coordinates

up =25182°; uy =19.059°; uz = 34.304°

a. for INTELSAT 902
= The satellite angles: @ = 47.394°:6 =24.534°

*  The Euler angles: a = 22.508°, 5 = 26.71°;

= The coordinates of the mobile plate center:
X=0.03 m, Y=-0.026 m;

= The actuated joint coordinates:
gy =129.074° ;45 = 106.265° ;g = 129.569° ;
= The passive joint coordinates

uyp =22.249°; uy = 33.841°; ug = 23.143°

We consider for a 3-RRS parallel manipulator with the
same geometric parametric the following displacement
laws of the platform:

Z=0;a=w(t)/12; B=w(t}/12
where:



w(t)=1

L

2
ifo0<t<—
v 2

bs
if—=<t<nm
f2

_ a2
g OB anes)83.E ymersiE
T 2 2

Using the algorithms for geometric and kinematic models
the following diagrams with respect to the time were

derived:

-The actuated joint coordinates

qlg
P80 05| . -
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- | | L
0 1 2 3

-The passive joint coordinates:

50 T T T

ulgn 43.75 [~

.........
....

28, 375
wlg
" 3125

25

0.017

qlt:ln 5
q2d
a3d, -0.017

=0.034
0
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-The passive joint velocities

udd  -0.013

=0.026

CONCLUSIONS

With this type of parallel mechanism is possible the
orientation of the dish TV antenna for “catching” the most
used geostationary satellites. The using of a parallel
mechanism offers the advantage of a high stiffness and the
possibility the distance control of the dish with respect to

the

{1

(3]

(4]
[3]

(6]

fixed base.
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