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Analysis of an Onboard Antenna
Pointing Control System

Yoichi Kawakami,* Hiroshi Hojo,t
and Masazumi Uebat
Nippon Telegraph and Telephone Corporation
Radio Communication Systems Laboratories,
Yokosuka-shi, Kanagawa, Japan

Nomenclature

Sa = antenna drive control frequency

I, = moment-of-inertia of antenna reflector

K, = antenna drive ratio = antenna beam angle/reflector
drive angle

q = modal coordinate of antenna structures

r = equivalent drive angle factor-reflector drive
angle/reflector displacement

T,. = antenna drive control torque

& = damping ratio of antenna support boom

0, = antenna drive angle

0, = antenna pointing error

¢,,9, = modal displacement and slope, respectively, of
antenna support boom

w, = maximum satellite attitude rate
Wy = eigenfrequency of antenna support boom
Introduction

N the 1990s multibeam satellite communications systems
must be developed to achieve larger transmission capacity.
To establish these systems, large onboard antennas with high
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pointing accuracy are needed. In order to satisfy the require-
ments for high accuracy, new onboard control systems are
being closely studied around the world.

In Japan, a field experiment of multibeam satellite commu-
nications is scheduled to be performed in conjunction with the
sixth Japanese Engineering Test Satellite (ETS-VI), to be
launched in 1992. ETS-VI is a two-ton class, three-axis stabi-
lized geostationary satellite. The antenna pointing control sys-
tems on ETS-VI are now being designed. For this, the influ-
ence of dynamics on flexible structures must be considered.
This paper describes significant system design parameters and
relations between these values in the design of an onboard
antenna pointing control system for ETS-VI,

System Configuration

The configuration of the onboard antenna pointing control
system mounted on ETS-VI is shown in Fig. 1. An antenna
drive control system (ADCS) is added to a conventional atti-
tude control system (ACS). The ADCS consists of an rf sen-
sor, an antenna pointing mechanism (APM), and antenna
pointing control electronics (APE). The most important func-

- tion of the ADCS is to point an antenna beam in the direction

of a beacon transmitted from an Earth station and thereby
minimize pointing errors residual in the antenna structures
and the ACS. Since the rf sensor consists of a sensor feed and
a reflector in common with the communications system,
pointing errors of the reflector can be easily detected. An
antenna beam can be shifted individually in orbit by rotating
the subreflector with the APM.

Drive Methods

Two methods of antenna pointing control are currently
used: a main-reflector drive and a subreflector drive. The
main-reflector drive is electrically superior to the subreflector
drive for yielding less antenna gain loss and lower sidelobe.
This method, however, is mechanically inferior because of
high inertial load and lower eigenfrequencies. Assuming that
sinusoidal satellite attitude changes generate control errors in
the antenna drive control, the pointing control error e can be
represented as follows:

e = wy/2xf, )

Figure 2 gives the relationship between maximum permissible
pointing control error as a function of control frequency for
three satellite attitude rates. The control frequency is limited
to about one-tenth of the eigenfrequency of the antenna re-
flector that is driven, to prevent the antenna structures from
resonating. In our preliminary assessment of the structures,
eigenfrequencies of the main reflector and the subreflector are
about 2 and 10 Hz, respectively. As the maximum attitude rate
of a two-ton class satellite is about 0.001 deg/s, the subreflec-
tor drive is preferable in order to achieve a pointing control
accuracy of 0.001 deg.

Antenna drive
control system

Satellte attitude
—<eontrol system

l Beacon
Antenna pointing Satellite
mechanism in bod
Antenna T matn body
reflector |

Earth sensor

Antenna pointing Sunsensor
control electronics
ry Wheel
A—, Tracking J Thruster
Feed horn freceiver
L i)

RF sensor

Fig. 1 Configuration of the antenna pointing contro] system.
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Antenna Structure Dynamics

Large onboard antennas, which are stowed during launch,
are deployed once the satellite reaches its designated orbit.
Reflectors are supported with antenna support booms and
deployment mechanisms. For satellite communications using
the Ka or Ku band, the subreflector itself is rigid in compari-
son with the drive control frequency. However, the antenna
support booms with deployment mechanisms are flexible. The
antenna structures, therefore, can be modeled as a flexible
cantilever with a rigid mass and a torque actuator at its tip. To
prevent these structures from resonating, their eigenfrequen-
cies must be greater than the control frequency of the ADCS.
On the other hand, very high eigenfrequencies require the
structure mass to be increased. To optimize the system, it is
important to identify clearly the dynamics of these structures.
In this study, the influences of structural parameters on con-
trol gain of the ADCS are assessed for the gain stabilization
control concept.

Satellite dynamics can be ignored in the antenna pointing
control system of ETS-VI because the attitude control fre-
quency is lower than one-tenth of the antenna drive control
frequency and the inertia of the satellite main body is much
larger than that of the driven subreflector. The dynamics of
the antenna structures, therefore, are given by

Iaéa + Iad’;q = Tac (2)
LoLba + md + 25,0,9 + wlg =0 3)
0, = Ky(0, + ¢2q + réaq) “@

where m =1 + I,¢,% + mg¢2, in which m, is a mass that is
driven. The transfer function of these structures, G,(s), is
derived using Eqgs. (2-4).

Ky bs? 4 28,w,8 + 02

Gps) = 1,52 as? + 28,0.5 + 02 ©)
where
1+ mél
a= - (6a)
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In Eq. (5), the term in parentheses represents the flexibility
of the antenna structures. The gain at the eigenfrequency of
the structures, w,/a”, is given by

_ @ [al —b/a)" + 4§%]
_Iawﬁ 4.(%

M

To maintain sufficient gain margin in the ADCS at the
resonant frequency, gain changes due to deviations in struc-
tural parameters are calculated. Figure 3 shows gain changes
vs eigenfrequencies for four damping ratios. In our assess-
ment, the nominal value of Z, is 0.01, and its tolerance is
about 0.005. The gain change is, therefore, calculated to be
about 6 dB. Other flexible parameters, modal slope and modal
displacement angle, were estimated in a similar manner. The
control gain changes due to these tolerances were clarified as
about 3 and 2 dB, respectively. As a result, a gain margin of
more than 11 dB is required to make the control system stable
against changes in the structural parameters.

Conclusion

Significant structural parameters of the onboard antenna
pointing control system for ETS-VI were clarified, and the
following conclusions were reached.

1) A subreflector drive is preferable to a main-reflector
drive, because of required control accuracy and total antenna
mass.

2) A control gain margin of about 11 dB is necessary for the
control system to be stabilized against changes in the struc-
tural parameters.

Calculation of Stability Derivatives for
Slender Bodies Using Boundary
Element Method

Shinji Suzuki* and Kizuki Fukudat
University of Tokyo, Tokyo, Japan

Introduction

HIS Note presents the application of the boundary ele-

ment method to calculate the stability derivatives for a
slender body. Aerodynamic characteristics of slender fuse-
lages, wings, and their combinations have been estimated us-
ing the slender-body theory in the initial design stage.! This
theory can transform three-dimensional flow problems into
two-dimensional, incompressible flow problems in the cross-
flow plane perpendicular to the long axis of the body.??
Bryson has shown that the theoretical stability derivatives of
the slender body could be determined by use of the concept of
apparent-mass coefficients of the crossflow section of the
slender body.* However, since the conformal mapping tech-
nique has been used to analyze the two-dimensional flow, it
has been difficult to calculate the stability derivatives of a
complicated configuration by the slender-body theory. In the
present Note, the boundary element method’ is applied to
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