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Chapter 1 | NTRODUCTI ON. c. Chapter 1 | NTRODUCTI ON;

The RC2000B AZ/ EL tracking antenna controller is designed to control an

el evation over azinmuth antenna with 36 volt actuators and pul se type position
sense feedback. Another nenber of the RC2000 fanmily, the RC2000B Pol ar, is
avail able to provide tracking for a nodified polar nount antenna. Henceforth,
in this manual the term RC2000B is used to refer to the RC2000B AZ/ EL
controller.

The RC2000B was designed with the requirenents of the comrercial user of
satellite downlink services in mnd. Here is a brief listing of the
capabilities of the RC2000B

1. The controller utilizes a solid state drive system capable of providing 8
anps to the antenna actuators. The drive systemhas built-in over-current
sensing with nmechanical relay backup to disconnect the drive fromthe actuators
in the event of a fault.

2. The controller can control polarization via a polarotor type interface.
In addition, an AUTO POL feature allows the polarization to be controlled via a
digital input or contact closure supplied by a receiver to the RC2000B

3. Position sensing feedback can be supplied by any pul se based sensor - reed
switch, Hall effect, or electro-optical. There is no need for special sensors
or actuators. The RC2000B keeps track of both rising and falling pul se edges
fromthe pul se sensor for increased accuracy.

4, The non-vol atile nmenory can hold position and pol arization data for 50
geostationary and 5 inclined orbit satellites.

5. The Adapti-Drive variable speed control systemallows the user to specify
the desired slow speed for each axis. The Adapti-Drive systemw ||l then adjust
the actuator voltage (via a pul se wi dth nodul ati on schenme) to nmintain the speed
sel ected by the user. This alleviates the problem of poor speed regulation with
varying direction along a given axis associated with constant voltage sl ow speed
syst ens.

6. The tracking schene used in the RC2000B enpl oys a step track algorithmto
build up a track table which |l ogs the satellite position versus tinme (a rea
time clock powered by a lithiumbattery is present in the RC2000B). |If the

current time corresponds to a tine interval for which there are valid entries in
the track table, the controller switches over to a programtrack algorithm In
this node the antenna smoothly tracks the satellite based on position data
stored in the track table.

If the satellite transponder goes down while the controller is step tracking,
the controller enters a search node. The RC2000B has a uni que al gorithm
denoted Intelli-Search, which determ nes the boundaries of a parall el ogram
shaped region where the controller has determ ned that the satellite will be
found. This algorithmensures that the region searched is |arge enough to

i nclude the notion of the desired satellite and is centered and oriented



properly so that satellites adjacent to the desired satellite are not 'found
during the search.

7. The data which has to be specified by the user to configure the tracking
systemis straightforward. The user must specify the tine and date, the

| atitude and | ongitude of the antenna, the |longitude of each satellite (both
geostationary and inclined orbit) programmed into the RC2000B, the nmaxi nmum
antenna tracking error (in dB), and the antenna size.

1.1 Organi zation of this Manual.c.:1.1 Organi zation of this Mnual

This manual is divided into two broad parts, Installation and Reference. The
Installation part of this nmanual is designed to famliarize the user with the
controller and guide himor her through the installation and configuration of
the controller. The Reference portion of the manual gives a detailed
description of all of the features and capabilities of the controller

The Installation portion of the manual is conprised of Chapters 2 through 4.
Chapter 2 explains the user interface and the basic operation of the unit.
Chapter 3 guides the user through the physical installation and wiring of the
unit as well as the initial software configuration. Chapter 4 covers al
aspects of tracking inclined orbit satellites. It begins with a brief

di scussi on of sonme of the theoretical aspects of the inclined orbit, and
continues with a description of the algorithnms used by the RC2000B for tracking
inclined orbit satellites. Chapter 4 concludes with a step by step procedure
whi ch gui des the user through the entry of track paranmeters and the
initialization of a track on an inclined orbit satellite.

The Reference portion of this manual is conprised of chapters 5, 6, and 7 as
wel | as the appendices which follow. These chapters of the manual describe the
fields on the screens which the user will encounter, as well as the data which
can be entered at any pronpt. After the initial installation, when the user has
become fam liar with the operation of the controller, these chapters wll
probably be the only ones consulted by the user to handle the routine chores of
addi ng new satellites and deleting old ones.

1.2 Before You Begin.c.:1.2 Bef ore You Begi n;

Pl ease read and understand the manual. Tine invested in understanding the
installation and operation of the controller will insure satisfactory results.
The unit has been tested thoroughly and will work accurately and reliably if it
is installed and configured properly. There is an old saying in the controller
busi ness - "Garbage in, garbage out". Be very careful when entering data into
the controller. For example, if the longitude data for a geostationary
satellite is entered incorrectly, the controller will accurately position itself
on that satellite. If however, at a later tinme, a track is initiated on an

inclined orbit satellite in the vicinity of that geostationary satellite, the
incorrect |ongitude may be used to calculate incorrect step track angl es and
unsati sfactory results will occur.
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Chapter 2 BASI C FUNCTI ON DESCRI PTI ON. c. Chapter 2 BASI C FUNCTI ON
DESCRI PTI ON;

This chapter describes the controller's front panel |ayout, user interface and
basi c operation. When the user has conpleted this chapter, he or she should
have a basi c understandi ng of the various operating nodes of the unit and be
able to use the keyboard and liquid crystal display (LCD) to navigate through
t hose nodes.

2.1 Front Panel.c.:2.1 Front Panel

The front panel (figure 2.1) of the RC2000B contains an OV OFF switch, a 2 row
by 40 columm backlit LCD, and a 4 by 4 matrix keypad with tactile feedback. On
the rack nount version of the controller, an ACline circuit breaker is built
into the OV OFF switch. For the desktop version of the controller, the AC Iline
circuit breaker is the 4 anp breaker |ocated on the back panel. For both
versions, a 12 amp circuit breaker (located on the back of the unit) protects
the controller's 36 volt actuator drive circuits. Wen a circuit breaker of
this type trips, it will protrude fromits nmounting bezel. To reset a circuit
breaker, turn the power switch off, wait a few mnutes for the circuit breaker
to cool down, then depress the breaker so that it latches and is even with the
bezel .

Figure 2.1

The field in the upper right hand corner of the LCD is reserved for the display
of the current node of the controller. The various nodes are introduced in the
followi ng section. |If an error condition is active, an error message wl|l
periodically flash across the bottomrow of the display. Error nessages are



di scussed in chapter 7. Chapter 5 explains the contents of every field on the
di splay for all of the various controller nodes.



An exami nation of the keyboard in figure 2.2 reveals that many of the keys have
2 or nore labels. The function of each key is determ ned by the current
operational node of the controller. The various nodes are discussed in the
follow ng section.

Figure 2.2

MODE

This key is used to select the current node of the controller. See the
description of the various nodes in the next section. This key is always
active. Depressing this key will always cause a node change to occur. This key
is acted on when it is released. |If the key is briefly depressed and rel eased
the controller nobde will change to the next sequential node of the nopbde group
which is currently active. |If the key is depressed for at |east five seconds
and then rel eased, the current node will change to the first node of the node
group which is not currently active.

SCROLL UP/ SCROLL DOWN

These keys are used to scroll up or down through a list of itens. These keys
are used when selecting a satellite froma list of satellites, selecting a data
itemto either view or nodify, and when sel ecting al phanuneric characters for a
user specified satellite nane in SETUP node.

YES/ NO
These keys are used to supply an answer to a yes or no question.

ENTER
This key is used to select an entry froma list, term nate a pronpt for sone
action by the user, or to conplete the entry of nuneric data.

0-9/DECI MAL PO NT (with the stop key)/BKSP

These keys are used for nuneric entry. The BKSP key causes the cursor to nove
one colum to the left witing over the character which was there. In sone
nodes, the BKSP key is used to pronpt the user to confirmthat a critica
paraneter is about to be changed.

SPEED
This key toggles the speed fromfast to sl ow and vice versa.



ARROW KEYS - 2/4/6/8

These keys are used to manually jog the antenna in sonme nodes. The left and
right arrow keys jog the antenna east and west in azinmuth, respectively, while
the up and down arrow keys jog the antenna up or down in elevation

EFWN S
These direction keys, E east, Wwest, N north, and S south are used to specify a
direction when the user is entering latitude or |ongitude data.

CCW CW H V

These keys control the Polarization. The CCWand CW keys skew t he pol arotor
countercl ockwi se and cl ockwi se. The H and V keys are used to either select or
specify the polarization position associated with a given satellite.

Note that all of these keys are not active sinultaneously. The function of each
key is dependent on the current node of the controller. In sone nodes certain
keys are ignored.

2.2 Operating Modes.c.:2.2 Oper ati ng Modes;

The npde system on the RC2000B antenna controller resenbles the nenu system used
wi th many personal conmputer (PC) programs. On a PC program a nmenu system all ows
the user to performoperations or to enter in data. The user nust navigate
through the nenu structure to the particular nenu which allows access to the
function or data that the user wi shes to mani pul ate.

On the RC2000B the node which is currently active is always displayed in the
upper right hand corner of the LCD. The MODE key is used to switch between
nodes. User access to all operations performed by the controller and all data
mai ntai ned by the controller is governed by the node system Here is a summry
of the nodes inplenented on the RC2000B

MANUAL
AZ:175.6 EL: 43.8 PL: 15 H SS: 635 MANUAL
SBS 2 97.0 W SPEED: FAST

This node allows the user to jog the antenna in el evation and azinuth using the
ARROW KEYS, toggle the speed fromfast to slow (and vice versa) with the SPEED
key, jog the polarization with the CCW CW keys, and use the HV keys to toggle
between the preset H and V polarizations of the satellite |ocated closest to the
antenna's present position. Wen MANUAL node is active the follow ng
information is displayed on the top row of the LCD - azimuth position (AZ),

el evation position (EL), polarization position (PL), and the current signa
strength (SS). The signal strength is derived froma receiver automatic gain
control (AGC) output (which will be described in the chapter on tracking). The
bottom row of the LCD displays the name and | ongitude of the satellite on which
the antenna is currently aligned and either the FAST or SLOW banner to indicate

the speed which will be used for jogging the antenna.
AUTO
SELECT A SATELLI TE: PANAMSAT- 1 AUTO

USE SCROLL UP/ DOWN, ENTER TO SELECT

This nmode allows the user to select a satellite which has previously been stored
in menory and automatically position the antenna on that satellite. In this



node the SCROLL UP/ DOWN keys are used to scroll through the list of satellites
whi ch have been programmed in by the user (via SETUP node). Wen the nanme of
the desired satellite appears the ENTER key is hit to initiate the automatic
move. While novenent is in progress the STOP key can be hit to ternminate the
move. For a geostationary satellite, at the conclusion of the autonatic nove
the node is switched to MANUAL. For an inclined orbit satellite, the automatic
nove will position the antenna at the satellite's nom nal position and the node
is switched to TRACK. The nominal position is where the controller estimtes
that the satellite would be located if it were a geostationary satellite.

SETUP
POSI TI ON ANTENNA, SELECT SETUP
SATELLI TE USI NG SCROLL UP/ DOWN, HI T ENTER

This node allows the user to store satellite azinmuth and el evation positions and
hori zontal /vertical polarization values into the controller's non-volatile
menory. Once stored in nmenory, the satellite is available for recall by AUTO
node. Wien SETUP node is invoked the user peaks the antenna up on the desired
satellite using the azimuth jog, elevation jog, polarization jog, HV, and SPEED
keys as described for MANUAL node above. The SCROLL UP/ DOWN and ENTER keys are
al so active at this tinme. The SCROLL keys are used to scroll through a |ist of
satellite nanes stored in the controller's EPROM nmenory. This is the nanme which
will be assigned to the azinuth and el evation positions and the polarization

val ues stored in the non-volatile nenory. The ENTER key is used to select a
value fromthe list of satellite names.

When the ENTER key is hit the user is pronmpted to specify the satellite

| ongi tude, whether or not the satellite is in an inclined orbit (and if so, the
current inclination of the satellite's orbit to the earth's equatorial plane -
nore on this in the chapter on tracking), and the H and V polarization val ues
for the satellite. If the user wishes to assign a nane which is not stored in
the satellite's EPROM nenory, the USER entry in the satellite nane list nay be
sel ected and the operator will be pronpted to enter in an al phanuneric string
usi ng the SCROLL UP/ DOMNN and ENTER keys. When the user has entered in all of
the requested data, control will switch to the TRACK node if the satellite just
entered was an inclined orbit satellite. Oherw se, SETUP node will retain
control and the user can jog the antenna to another satellite and repeat the
procedure.

RESET
AZ: XK 0 EL: 0 RESET
1 - RESET AZ, 2 - RESET EL, MODE - EXIT

This nopde allows the user to exanine the error status of the notor drive
circuits and reset themif a fault has occurred. The drive systenms of each axis
are i ndependent. There are 3 types of faults which can occur. A DRIVE error
indicates that the drive circuits detected an over current fault and shut down.
A JAMMED error indicates that the antenna actuators were commanded to nove but
no novenent was detected. A RUNAVAY error indicates that antenna npvenent was
detect ed when the actuators were not energized. Errors are covered in chapter
7.

DELETE
SELECT A SATELLI TE: PANAMSAT-1 DELETE
USE SCROLL UP/ DOWN, ENTER TO SELECT



This nmode allows the user to delete satellites fromnon-volatile nmenory. The
SCROLL UP/ DOMN and ENTER keys are active.



RE- SYNC
SELECT A SATELLI TE: PANAMSAT-1 RE- SYNC
USE SCROLL UP/ DOWN, ENTER TO SELECT

The antenna azimuth and/or el evation position can be corrupted by any nunber of
causes (sensor failure, lightning strike, faulty shield connection, etc). |If
there is an error in the position counts, the controller cannot properly
position itself on the satellites stored in non-volatile nenory, and the linmts
are not valid. In this situation, it is necessary to re-synchronize the
controller's internal position counts. To do this, the operator positions the
antenna on a known satellite which has previously been stored in the
controller's non-volatile menory. The user then activates RE-SYNC node and
selects the satellite with which the antenna is currently aligned using the
SCROLL UP/ DOWN and ENTER keys. When the ENTER key is hit, the controller's
internal position counts are initialized to the positions which were assigned to
the satellite nane when that satellite was stored in non-volatile nenory. This
restores the count to the value stored prior to the event which caused the data
corruption, and applies to all satellites stored in non-volatile nmenory.

CONFI G
AUTOPCL ENABLE: * CONFI G
0- DI SABLE, 1-ENABLE ENT, BKSP, SCRLL “v

This node allows the user to view and enter configuration data into the
controller. This data is stored in non-volatile nenory and is used to set
certain paranmeters and enable or disable certain controller options. The
foll owi ng paraneters and options are controlled or configured via data entered
into the controller from CONFI G node: AUTOPOL (described bel ow), sinultaneous
azi nmut h/ el evati on novenent, the time and date, inclined orbit satellite tracking
setup and control paraneters, azinmuth and el evation sl ow speed contro
paraneters, and a controller reset function.

In CONFI G nnde, the SCROLL UP/ DOMNN and ENTER keys as well as the nuneric keypad
are active. The SCROLL UP/ DOWN keys are used to select the paraneter to be
viewed or nodified. |If asterisks are displayed in the paranmeter field it neans
that the present value for the paraneter is invalid. The paraneter can be

nodi fied using the nuneric keypad to key in a new value. For the nodification
to take affect the nunmeric entry nmust be terminated with the ENTER key. A
message in the |lower left hand corner of the display gives the user data entry
i nstructions.

LIMTS
AZ: 5000 EL: 5000 SS1, 2: 2, 1 LIMTS
7 - SET EAST LIMT 9 - SET DOWN LIM T

This nmode allows the user to jog the antenna to any azimuth or el evation
position without regard to any existing linmts, and initialize the east and west
and/or down and up limts. Once the limts are set the antenna cannot be noved
(except in LIMTS node) to a position that is not within the region defined by
the down, up, east and west limts.

To set the azinmuth limts, the user would first nmove the antenna to the desired
east |imt, set the limt, then nove the antenna to the desired west limt and
set that limt. Wen the limts for a particular axis are initialized the
position count for that axis is also reset. Wenever the azinmuth (or el evation)
l[imts are reset the east (or down) linmt is assigned a position count of 30.



TRACK
AZ: 1344 EL: -46 PL: 73 V SS:621 TRAK K
GSTAR 3 PROGRAM | DLE 15. 56. 0- MENU

TRACK npde is activated to track an inclined orbit satellite. TRACK node is
slightly different than the other npdes described above in that TRACK nopde
cannot be reached directly through the use of the MODE key. TRACK node can be
entered only via the SETUP or AUTO nobdes. TRACK node is described in Chapter 4.

More detailed information is avail able concerning each the nodes descri bed above
in Chapter 5 of this manual.

2.3 Changi ng Modes with the MODE Key.c.:2.3 Changi ng Modes with the MODE
Key;

The user can switch the current controller node by use of the MODE key. The
MODE key is always active - when the MODE key is depressed, the controller's
current node will change. The various nodes are divided into two groups. The
Oper ati onal node group consists of the MANUAL and AUTO nodes. The Progranmm ng
node group consists of the SETUP, RESET, DELETE, RE-SYNC, CONFIG and LIMTS
nodes. The Programming nodes are typically only used during systeminstallation
and configuration. The Operational nodes are the ones used in everyday
operation of the controller.

The nodes are divided into two groups, referred to as node groups, as part of a
schenme to keep the user out of the Progranm ng nodes in the course of the nornal
everyday operation of the controller after the unit has been installed. This
schenme is based on the use of the MODE key.

If the MODE key is depressed for 5 seconds and rel eased, the current controller
node will switch to the first node of the nbde group which was NOT active when
the MODE key was depressed.

If the MODE key is rapidly depressed and rel eased, the controller node will
switch to the next node in the node group that was active when the MODE key was
depressed.

For exanple, if AUTO npde is active (the active node is always displayed in the
upper right hand corner of the LCD) and the user depresses the MODE key for at

| east 5 seconds and releases it, SETUP npde will beconme the active node. As
anot her exanple, if AUTO node is active and the user rapidly depresses and

rel eases the MODE key, MANUAL node will becone the active node

TRACK npde is a special case. As nentioned above TRACK node can only be entered
via the AUTO or SETUP nodes, it cannot be entered directly by depressing the
MODE key. Otherwi se, the TRACK node is treated as if it were part of the
Operational mode group. |f TRACK node is active and the user rapidly depresses
and rel eases the MODE key, MANUAL node will becone the active node. |f TRACK
node is active and the user depresses the MODE key for at |east 5 seconds, SETUP
node will beconme the active node.



2.4 Autopol.c.:2.4 Aut opol

The Autopol feature slaves the RC2000B pol arization control to an output derived
froma satellite receiver. The RC2000B has an Autopol input accessible via one
of the connectors on the back of the unit. When the controller is operating in
MANUAL or TRACK nodes, this input is nonitored and the polarotor is controlled
according to a digital level present at this input.

To configure the controller for Autopol operation, the user nust have a suitable
out put available on the satellite receiver which is connected properly to the
Aut opol input of the RC2000B, the polarity of the Autopol input nust be
specified (from CONFI G node), and the Autopol feature nust be enabled (also from
CONFI G node). When the polarity of the Autopol input is specified, the user is
informng the controller that a given Autopol input |evel (high or |ow)
corresponds to vertical polarization. Configuring the Autopol system during
installation is covered in nore detail in Chapter 3 and the CONFI G node pronpts
whi ch enabl e and specify the polarity of the Autopol input are described in
Chapter 5 in the CONFI G npode section
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Chapter 3 | NSTALLATI ON/ SETUP. c. Chapter 3 | NSTALLATI ON/ SETUP

This chapter guides the user through the installation and the initial software
setup. The procedures outlined in this chapter cover the nmechanical and

el ectrical installation of the unit, setting the azinmuth and elevation linmts,
determining the azimuth and el evation sl ow speed paraneters, and programming the
geostationary satellites.

3.1 Before You Begin.c.:3.1 Bef ore You Begi n;

Before installing the unit the installer nust ensure that the line voltage is
correct, the controller's nenory has been cleared, and that he or she is

fam liar enough with the nobde system described in Chapter 2 to place the
controller in any desired node. Al units are shipped fromthe factory with
menory cleared, a line cord appropriate for the Iine voltage selected, and a
sticker placed over the AC power entry nodul e | abel ed either 115 or 230 volts.

If the line cord received with the unit is not appropriate for the power
available at the installation site, or if the sticker over the AC power entry
nodul e is missing the installer should check the controller to ensure that the
proper |ine voltage has been sel ected.

To check the line voltage setting of the RC2000B

1. Make sure that the unit is disconnected fromthe AC power source.

2. Renmove the top cover of the unit.

3. Check the line voltage switch nounted on the circuit board attached to the
AC power entry nodule. The slide switch can be positioned either at 115 or 230
volts.

4, Repl ace the top cover of the unit.

When the AC line voltage has been verified, and before any of the antenna wiring
has been connected, the installer should become famliar with the controller's
user interface. It is not necessary to understand every aspect of the
controller's operation to install the unit, but the installer should be famliar
with the node structure of the RC2000B and be able to use the MODE key to pl ace
the controller in any of the nodes described in Chapter 2.

When the unit is powered up, it should be verified that the controller goes to
LIMTS node ('LIMTS displayed in the upper right hand corner of the LCD)
Before the controller is shipped fromthe factory, the nenory is cleared and the
azimuth and elevation |linmts are invalidated. Wenever the unit is powered up
and the limts are invalid, the controller automatically places itself in LIMTS
node. If the unit does not power up in LIMTS node the installer should perform
a systemreset to place the controller into a known state before proceeding with
the installation.

To performa systemreset:

1. Use the MODE key to place the controller into CONFI G node (' CONFI G
di spl ayed in the upper right hand corner of the LCD).
2. Use the SCROLL DOWN and SCROLL UP keys to bring up the ' RESET SYSTEM

DATA:' screen.



3. At the ' RESET SYSTEM DATA:' screen enter '41758' followed by the ENTER
key.



Figure 3.1 RC2000B Interface Di agram



Figure 3.2 Reed Sensor Di agram



Figure 3.3 Hall Effect Diagram



3.2 Mechani cal and El ectrical Installation.c.:3.2 Mechani cal and
El ectrical Installation;

This section covers the nmechanical and electrical installation of the unit. For
rack mount nodels, use 4 #10-32 nounting screws to secure the unit to a standard
19" rack. Please refer to figures 3.1, 3.2, and 3.3 for diagrans of the
control |l er back panel and electrical connections.

The followi ng electrical connections nust be nade:
Azi muth and El evation Mdtor Drive - 4 wires (2 for each axis)

These cabl es connect the controller to the antenna actuators. Since these
conductors carry up to 40 volts DC, the notor drive cables should be protected
in conduit for the entire run to the antenna to mnim ze the electrical shock
hazard.

The conductors nust be sized appropriately for the current required by the
actuators. See the follow ng table which gives the appropriate wire size as a
function of the distance between the controller and the antenna and the current
requi red by each actuator

Maxi mum Cable Run (in feet) for 15% Vol tage Drop

Mot or Wre Gauge

Current 16 14 12 10
2 anps 350 550 885 1400
4 anps 160 260 410 650
6 anps 100 160 225 405
8 anps 70 110 175 280
Not es:

- for 20% voltage drop nmultiply each distance by 1.33
- for 25% voltage drop nmultiply each distance by 1.67
- 1 foot equals 0.3 neters

Pol arotorTM - 3 wires in a shielded cable.

Connect the polarotor as shown in figures 3.2 or 3.3. Shielded cable is required
to m nimze noise pickup

NOTE: A SHI ELDED CABLE IS REQUI RED FOR THE POLAROCTORTM  THE SHI ELD MUST BE

CONNECTED TO J1-9 ON THE BACK OF THE CONTROLLER AND MJST NOT BE CONNECTED AT THE
ANTENNA.

Azi ruth and El evati on Position Sense



If reed switch sensors are used, each axis requires 2 wires in a shielded cable.
If Hall effect sensors are used, each axis requires 3 wires in a shielded cable.
Shi el ded cables are required to mninze noise pickup which can result in
antenna positioning errors. Please refer to figure 3.2 for reed sensor
connections and figure 3.3 for Hall Effect sensor connections.

NOTE: SHI ELDED CABLES ARE REQUI RED FOR THE POSI TI ON SENSORS. THE SHI ELDS BE
MUST CONNECTED TO PINS J1-4 OR J1-6 ON THE BACK OF THE CONTROLLER AND MUST NOT
BE CONNECTED AT THE ANTENNA.

Position count errors due to inproper use of the shield on the position sense
lines is one of the nobst frequent problens encountered during the installation
of the RC2000B. Here are the problens that are encountered.

1. A shiel ded cabl e was not used for the position sense wres.

2. The shield is not connected at the connector on the rear panel of the
RC2000B

3. The shield is connected to earth ground at the antenna. This results in

ground currents flowing in the shield. The shield nust not be connected to
anyt hing at the antenna.

4, The insulator on the sensor cable is broken and the shield is grounded to
something. As in #3, this results in ground currents.

5. The sensor cable is spliced but the shield has not been spliced or the
shield is spliced but is also shorted to earth ground.

3.3 Setting Azinmuth and Elevation Limts.c.:3.3 Setting Azi nuth and
El evation Limts;

Once the electrical connections are nmade, the next steps in the installation
procedure are to ensure that the polarity of the nmotor drive wiring is correct,
the position sensors and pol arotor function properly, and then to set the
azimuth and elevation limts. Al of the operations outlined in this section
can be carried out with the controller in LIMTS node.

In LIMTS node the user has unrestricted novenent of the antenna, there are no
software azinmuth or elevation linmts, and antenna jammed sensi ng does not take
pl ace. When noving the antenna in LIMTS node an assistant should be stationed
at the antenna to ensure that the antenna does not nobve past a physical limt.

Note al so that the CWand CCW pol ari zati on adj ustment keys are active, even

t hough the polarization position is not displayed.

3.3.1 Motor Drive Polarity.c.::3.3.1 Motor Drive Polarity;

The polarity of the azimuth notor drive is checked by depressing the LEFT
(RIGHT) ARROW key and verifying that the antenna noves east (west). |If the
antenna does not move in the proper direction, connector J2 pins 4 and 6 need to
be reversed. The polarity of the elevation notor drive is checked in a simlar
fashion. The UP ARROW key corresponds to up el evati on novement.



The azimuth and el evation position sensor operation can be checked by jogging
the antenna about the appropriate axis and verifying that the position count
changes for that axis. Note that the position count will always decrease for
east and down novenent, and will always increase for west and up novenent. Al so
the count will not decrenent |ower than 1 or increnent higher than 65535.

Pol ar ot or operation is checked by using the CWand CCW keys to skew t he
pol ari zati on.

3.3.2 Setting Limts.c.::3.3.2 Setting Linmts;

The east and/or down linmts are set first. The bottomrow of the display
pronpts the user to set the limts for each axis. To set a limt, position the
antenna at the desired limt, and hit either the 7 key to set an azinuth |imt
or the 9 key to set an elevation limt. \Wen the east azinmuth Ilimt or down
elevation limt is set, the position count for the axis is reset to 30. The
limts should be specified so that there is adequate cl earance between the
antenna and any obstacles when the antenna is positioned at any
azinmut h/ el evati on conbination within the Iimts.

3.4 Sl ow Speed Adjustnment.c.:3.4 Sl ow Speed Adj ust nment;

The Adapti-Drive slow speed control systemallows the user to specify a desired
sl ow speed. When the antenna is noving at slow speed the controller will vary
the voltage to the drive to maintain the actual antenna sl ow speed at the val ue
speci fied by the user. Oher slow speed drive systens in use reduce the voltage
to the drive to a constant val ue whenever slow speed nmovements occur. This
results in poor speed regulation as the | oad on the nmotor varies or as friction
in the drive system changes with tenperature.

For the RC2000B the user sets the sl ow speed for each axis independently by
entering a slow speed code via the appropriate CONFI G node pronpt. This section
outlines the procedure for selecting the appropriate slow speed code. Wen the
system menory is reset the azimuth and el evati on sl ow speed codes are
initialized to 254. This code value effectively disables the slow speed system
by maki ng sl ow speed equal to the maxi num possi bl e speed.

When sl ow speed novenment occurs, the RC2000B determ nes the speed at which the
actuator is nmoving by neasuring the rate at which position feedback pul ses are
received for the axis which is being noved. The controller adjusts the voltage
to the drive by using a Pul se Wdth Mdul ation (PW) schene, which essentially
turns the 36 volt drive voltage off and on very rapidly. Wenever the antenna
is manual ly jogged at slow speed (in MANUAL or SETUP npode) an indication of the
vol tage delivered to the drive is displayed to the right of the 'SLOW banner.
This quantity, referred to as a 'voltage code', varies from1l to 24. The drive
vol tage associated with a voltage code of 1 is the mninmum vol tage which can be
delivered to the actuators. A voltage code of 24 is associated with the maxi mum
vol tage which can be delivered to the drive.

To determ ne the sl ow speed code which is appropriate for the azinmuth axis, use
the foll owi ng procedure.

1. In MANUAL node jog the antenna in azinuth at FAST speed for exactly 10
seconds and record the nunmber of counts which occur. Make sure that the antenna
does not reach a linmt during the nove.



2. Use the following table to determ ne an initial setting for the speed
code.

counts speed counts speed
code code
60 80 300 165
70 90 350 170
80 100 415 175
95 110 525 180
120 120 715 185
145 130 1100 190
170 140 1325 195
200 150 1450 200
250 160
3 Go to CONFI G node and use the SCROLL DOWN and SCROLL UP keys to bring up

the ' AZIM SLOW SPEED item Key in the new speed code followed by the ENTER
key.

4. Go to MANUAL node, toggle the speed to SLON and jog the antenna in
azimuth. Continue jogging the antenna until the voltage code displayed to the
right of the SLOW banner settles to a steady state range of values. This may
take 5 to 10 seconds. |If alimt is reached, jog the antenna in the opposite
direction. After the voltage code settles to a steady state range of val ues,
check the rate of novenent to nake sure that it is slow enough to be useful but
not so slow that the notor stalls or noves in a jerky fashion. [|f the nmovenent
is not satisfactory increase or decrease the speed code by 3 to 5 counts.
Increasing the speed code results in a faster rate of slow speed novenent.
Repeat steps 3 and 4 until satisfactory slow speed novenent is attained.

A simlar procedure is used to adjust the elevation slow speed. The elevation
sl ow speed code is entered at the CONFI G node ' ELEV SLOW SPEED pronpt and the
user jogs the antenna about the elevation axis to check the rate of slow speed
novenent .

3.5 Programm ng Geostationary Satellites.c.:3.5 Progr amm ng
Geostationary Satellites;

After the Iimts have been set and the sl ow speed codes determ ned, the
geostationary satellites can be programmed into the controller's menory. The
user should review this section along with the follow ng section (3.6) before
programm ng in any satellites. Section 3.6 discusses the display of azinmuth and
el evation position data in an angle format and explains the use of the |BM PC
programs found on the disk in the back of this manual.

All satellites are programred into menory via SETUP node. In SETUP node the
user can jog the antenna in azinmuth and elevation to peak up on a satellite,
specify the satellite name and jog the polarization to assign H and V

pol ari zation values. This information is retained in the controller's non-
volatile nmenmory. The user can automatically position the antenna on a satellite
whi ch has previously been programed into nenory by invoking the AUTO node and
using the SCROLL UP and SCROLL DOWN keys followed by the ENTER key to sel ect the
satellite.



SETUP node is straightforward. |f the user wishes to assign a satellite nane
which is not in the list, the USER entry in the satellite name |list may be

sel ected. The user is then pronpted to enter an al phanuneric string using the
SCROLL UP, SCROLL DOWN, and ENTER keys.

After the satellite name has been selected, the user is pronpted to enter in the
satellite's longitude position. |If the satellite nane cane fromthe
controller's internal list, the user is presented with a |ongitude value from
that same |ist. The user should consult a CURRENT satellite guide to ensure
that the controller's longitudinal position for a given satellite is correct.

It is possible for the position of an orbiting satellite to be changed. If the

| ongi tudi nal position of a geostationary satellite is incorrectly specified, the
inclined orbit tracking algorithms may not function properly. BE SURE TO VERI FY
THE LONG TUDI NAL POSI TI ON OF ALL GEOSTATI ONARY SATELLI TES PROGRAMMVED | NTO THE
CONTROLLER VI A SETUP MODE.

The range of |ongitude val ues accepted by the controller ranges fromO to 179
West and O to 180 East. Satellites located over North America have West

| ongi tude values. Satellites |ocated over Asia have East |ongitude val ues.
Some Intelsat literature gives satellite |longitude values in a range of 0 to
359. In this scheme, values fromO to 180 correspond to East |ongitudes, and
val ues from 180 to 359 correspond to West |ongitudes. To convert fromthe
Intel sat scheme to the schene used by the controller, a sinple exanple is
presented. |If the satellite longitude is specified as 325 degrees in the

I ntel sat scheme, to convert to the value needed for entry into the controller
calculate 360 - 325 (= 35). The value entered into the controller would then be
35.0 West.

The user also has an option in specifying the HV polarization data. After at

| east one satellite has been programmed into non-volatile menory, the user can
specify that the horizontal and vertical position data for a satellite which is
about to be entered into non-volatile menory can be copied fromthe satellite in
non-vol atile nenory closest to the antenna's present position. Wth an

el evation over azinmuth type nount, however, it is recomended that the user

al ways manual |y peak up the H and V pol arization values for each satellite.

It is reconmended that the user first programin a pair of geostationary
satellites and then use the AUTO node to repeatedly position the antenna on one
satellite and then the other. This will exercise the controller, actuators,
mount, and position sensors. |If the antenna does not return to the peak for
each satellite, make sure that the position sensors are properly wired. After
the operation of the system has been verified by testing with two geostationary
satellites, the rest of the geostationary satellites may be progranmed in.

3.6 Angl e Display of Az/El Position Data.c.:3.6 Angl e Di splay of Az/El
Posi ti on Dat a;

The RC2000B antenna controller is capable of displaying its azinmuth and

el evation position in an angle format. This section describes a nmethod which
makes use of this feature to aid the installer in |ocating the satellites which
will be programmed into the controller's non-volatile nenory. The procedure
outlined in this section makes use of the prograns (designed to run on an |BM
conpati ble PC) found on the floppy disk in the back of this manual



The controller can display azinuth and el evation position in a degrees format.
When this feature is enabled, the azinmuth position is displayed as a true
heading (in degrees - 0 to 360) and the elevation position is displayed as an
angl e above the horizon (0 to 90 degrees). This feature is controlled by
paraneters specified by the user via CONFI G node. The scal e. exe program on the
fl oppy disk can be used to determ ne these paraneters once a pair of satellites
has been found.

Anot her program i ncluded on the disk is antenna.exe. This is a general purpose
program whi ch aids the user in locating any satellite. This program pronpts the
user to enter the antenna longitude and | atitude, the satellite |ongitude and
the satellite inclination angle, and then cal cul ates the magnetic headi ng, true
headi ng, and el evati on angl e above the horizon needed to intercept the
satellite. Satellite inclination angle is described in the next chapter. For
geo-stationary satellites, the satellite inclination angle is 0.

The foll owing step by step procedure can be used to | ocate geo-stationary
satellites. In the process, the paraneters needed to display azinmth and
el evation paraneters in an angle format will also be determ ned.

1. Determ ne the antenna |l atitude and |longitude. Obtain a current satellite
guide and identify the pair of satellites which will be located initially and
used to calibrate the angle display. A reasonable selection would be a pair of
satellites with nany readily identifiable active transponders that are | ocated
10 to 15 degrees apart (in |ongitude) placed somewhere in the mddle of the arc.

2. I nvoke the antenna.exe programto determnine the nagnetic headi ng and

el evation angle needed to intercept each satellite. To run the antenna. exe
program sinply type ANTENNA foll owed by the ENTER key at the DOS pronpt.
Position the antenna on each satellite. A magnetic conpass and an inclinoneter
can be used to help point the antenna in the proper direction. For each
satellite, record the longitude and the antenna azimuth and el evati on count

val ues where the satellite was | ocated.

3. After the two satellites have been found, invoke the scal e.exe programto
cal cul ate the AZI MUTH SCALE, AZI MUTH OFFSET, ELEVATI ON SCALE, and ELEVATI ON
OFFSET paraneters which will be entered into the controller via CONFI G node.

4. Wth the controller, go to CONFI G node and enter in the values for those
paraneters determned in step 3. At the CONFI G node ANGLE DI SPLAY ENABLE item
enter 1 to enable the angle display feature. The antenna |ongitude and | atitude
val ues nust al so be specified via CONFIG node. A latitude or |ongitude entry is
performed in two parts. The numerical value is entered first (followed by the
ENTER key). Next the direction is specified, either E (East) or W (Wst) for

| ongi tude, and N (North) or S (South) for latitude (followed by the ENTER key).

Be sure to terminate all CONFI G node nuneric entries with the ENTER key. When
all of the paraneters have been entered, scroll back through the list to make
sure that each entry is correct.

5. To |l ocate additional satellites, invoke the antenna.exe programto
deternmine the true heading and the el evation angle required to intercept the
satellite. Note that when the controller's angle display feature is enabl ed,
the azimuth position is displayed as a true heading. Sinply jog the controller
until the displayed azinuth position matches the true headi ng val ue predicted by
the antenna. exe program and the displayed el evati on position matches the

el evation val ue predicted by the program



For mounts which enploy linear actuators, there will be an error in the

controller's displayed values for true heading and el evation. The error will be
negligi ble when the antenna is |ocated near the satellites used to calibrate the
angle display (the satellites found in step 2). The error will be greater as

the antenna is noved away fromthose satellites. This occurs because the
controller uses a |linear mapping of the position counts to display angle. For a
nmount whi ch uses a |inear actuator, the actuator forns one side of a triangle,
and as that side gets shorter or |onger, the opposite angle changes. For this
case the mappi ng of position counts to antenna pointing angle is described by
trigonometry and will be non-linear. To minimze the error, try to choose a
pair of satellites in the niddle of the arc to performthe calibration wth.



.C. .,
3.7 Aut opol

This section covers the installation and software configuration required to use
the Autopol feature. The Autopol function allows the antenna polarization to be
controlled via a digital input to the controller. The Autopol feature, when
enabl ed, is active whenever the controller is in MANUAL or TRACK node. Note
that the H, V, and SKEW keys do not work when Autopol is enabled. The Autopo

i nput of the RC2000B is driven by a digital output froma satellite receiver.
The Autopol input responds to a digital level, with a high |Ievel being one
polarity and a |low | evel the other polarity. The mapping of a high level on the
digital input to either Hor V polarization is referred to as the Autopo
polarity and is controlled via a CONFI G node item

The Autopol input on the controller has an internal pull-up resistor which neans
that the input will float high when it is not driven by the receiver. This
allows the receiver to use a relay contact closure to drive the Autopol input.
One side of the relay can be connected to ground and the other side connected to
the Autopol input. When the relay is active the Autopol input is connected to
ground - a low level input, and when the relay is open the Autopol input floats
hi gh due to the pull-up in the RC2000B

Here is the procedure for installing and configuring the Autopol feature:

1. Identify an output on the receiver which can be used to drive the Autopo
i nput on the RC2000B. Note if a high |evel output corresponds to V polarization
or H polarization.

2. Connect the Autopol input as shown in figures 3.2 or 3.3.

3. Go to CONFI G node, use the SCROLL UP and SCROLL DOMWN keys to bring up the
" AUTOPOL ENABLE' pronpt, and key in 1 followed by the ENTER key to enable the
Aut opol functi on.

4, While in CONFI G node, use the SCROLL UP and SCROLL DOWN keys to bring up
the ' AUTOPOL VPOL LEVEL' item If a high level corresponds to vertica

pol ari zation, key in 1 followed by the ENTER key. [|f a high |level corresponds
to horizontal polarization, key in O followed by the ENTER key.

5. Go to MANUAL node and verify that the Autopol feature works properly. In
MANUAL node, when the Autopol feature is active the polarization display banner
reads 'PLR rather than 'PL:'.

3.8 Si mul t aneous Azi nmuth and El evati on Movenent.c.:3.8 Si mul t aneous
Azi mut h and El evati on Movenent;

The RC2000B has the capability to nove the azinmuth and el evati on axis actuators
si mul taneously during AUTO node noves. The use of this feature is subject to a
[imtation in that the total current draw for both 36 volt actuators conbined
cannot exceed 8 anps. |If this requirenment is satisfied, sinultaneous azinmuth
and el evation nmovenent can be enabl ed by going to the CONFI G node ' SI MULTANEQUS
AZ/ EL ENABLE' item and keying in 1 followed by the ENTER key.



3.9 Geostationary Satellite Setup Checklist.c.:3.9 Geost ati onary
Satellite Setup Checklist;

This section gives a summary of the installation and configuration procedure
outlined in this chapter. The summary is presented in the formof a checklist.

1. Before power is applied verify that the |line voltage is correct. Check
the sticker over the power entry nodul e.

2. Make sure that the nenory has been cleared. The controller should come up
in LIMTS node.

3. Make the required electrical connections. A shielded cable nust be used
for the position sensors and the shield nust be connected at the back of the
controller and not at the antenna. Refer to figures 3.1, 3.2, and 3. 3.

4, G to LIMTS node and verify the notor drive polarity. Set the east,
west, down, and up limts.

5. Determ ne and enter in (via CONFIG node) the azimuth and el evati on speed
codes.

6. Go to SETUP nmode and programin the geostationary satellites. To help in

| ocating the satellites, the procedure outlined in section 3.6 can be foll owed.

7. If desired, enable the Autopol feature to slave the controller's

pol ari zation control output to a satellite receiver. A digital output on the
recei ver nust be connected to the Autopol input of the controller and the

Aut opol feature nmust be enabl ed via CONFI G node.

8. Enabl e sinmul taneous azinuth and el evati on novenment in AUTO node if the
total conbined current draw from both actuators is | ess than 8 anps over al
operating conditions.
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Chapter 4 I NCLI NED ORBI T SATELLI TES. c. Chapter 4 I NCLI NED ORBI T
SATELLI TES;

Thi s chapter describes the characteristics of inclined orbit satellites and the
tracking algorithns avail able on the RC2000B. The chapter begins with a
tutorial on inclined orbit satellite operation, continues with a description of
the controller's tracking algorithnms, and concludes with a section that guides
the user through the hardware and software configurati on procedure which nust be
performed prior to initiating a track on an inclined orbit satellite.

4.1 Ceostationary and Inclined Orbit Satellites.c.:4.1 Ceost ati onary and
Inclined Orbit Satellites;

To successfully track inclined orbit satellites with the RC2000B it is necessary
to become fanmiliar with the characteristics of the satellite's apparent notion
as seen by the antenna. This section briefly reviews the orbital geonetry of
geostationary satellites and then discusses inclined orbit satellites.

A geostationary satellite appears fixed in space to an observer at any point on
the earth. In reality, the earth is rotating about its axis, and the satellite
appears to be stationary because it is orbiting the earth in the earth's
equatorial plane with a period identical to the earth's rate of rotation. The
earth's equatorial plane is the plane defined by the earth's equator. Pl ease
refer to figure 4.1

Many forces act on a satellite in geostationary orbit that tend to tilt the
satellite's orbital plane away fromthe earth's equatorial plane and to pull the
satellite out of its assigned |ongitudinal position. These forces are due to
the gravitational attraction of the nobon (which also gives rise to ocean tides)
and the nonspherical earth. A discussion of these forces is beyond the scope of
this presentation. A geostationary satellite nust expend propellant to perform
stati on-keepi ng naneuvers to naintain an orbit at the proper |ongitudina
position within the earth's equatorial plane.

East - West station-keepi ng maneuvers are perfornmed to maintain the satellite's
| ongi tudi nal position and North-South station-keeping maneuvers are perforned to
keep the satellite's orbital plane aligned with the earth's equatorial plane.
Bet ween 20 and 40 percent of the satellite's launch weight is due to station-
keepi ng propellant. A satellite's design life is determ ned by the anount of
station-keeping fuel onboard. A satellite is sonetines allowed to drift into an

inclined orbit to extend its operational life. For a geostationary satellite,
approxi mately 90 percent of the propellant is expended for North-South station-
keeping activities. |If North-South station-keeping ceases the operational life

of the satellite may be greatly extended.

The orbital plane of an inclined orbit satellite is "inclined" with respect to
the earth's equatorial plane. Note that in figure 4.1 the inclination angle
between the inclined orbit satellite's orbital plane and the earth's equatoria
pl ane is greatly exaggerated, typical inclination angles are |ess than 10
degrees. \When satellite North-South station-keeping activities are suspended
the inclination of the satellite's orbit increases by approximately 0.9 degrees
per year. \Wereas a geostationary satellite appears fixed in space, the
apparent position of a satellite in an inclined orbit varies with tine.



If an inclined orbit satellite could be viewed by an observer | ocated at the
center of the earth, the apparent notion of the inclined orbit satellite would
be a figure eight centered on the earth's equatorial plane. The notion of the
satellite is periodic, which neans that the figure eight pattern repeats itself.

The period of the notion is 23 hours, 56 n nutes,



Figure 4.1 Earth's Equatorial Plane



and 4 seconds. The angle subtended by the figure eight pattern from North to
South (i.e. height of the '8 ) is twice the inclination angle. The angle

subt ended by the figure eight pattern fromEast to West (i.e. width of the '8")
is approximately the inclination angle (in degrees) squared divided by 115.

These rel ationships are strictly valid only if the notion is viewed fromthe
center of the earth. The apparent notion is slightly greater and sonewhat
skewed when viewed fromthe surface of the earth. The exact shape of the
pattern varies with the |longitudinal position of the satellite and the place on
the earth fromwhich the satellite notion is viewed. To estimate the hei ght and
width of an inclined orbit satellite's notion as viewed fromthe surface of the
earth, a good approximation is to nmultiply the results of the equati ons above by
1.2.

Exam nati on of these relationships show that the figure eight pattern is nmuch
taller than it is wide. For exanple, if the orbital plane of a satellite is
inclined with respect to the earth's equatorial plane by 5 degrees, the apparent
hei ght and width of the figure eight pattern of the satellite's apparent notion
as viewed fromthe surface of the earth is:

Hei ght (North to South): 1.2 * 2 * 5
Wdth (East to West): (1.2 * 5 * 5) [/ 115

12 degrees
0. 26 degrees

Thi s exanpl e shows that the apparent notion of the satellite is practically a
straight line oriented in a North to South direction. This know edge of the
satellite's apparent nmotion as viewed by the antenna is exploited by the RC2000B
tracki ng antenna controller

The 23 hour, 56 nminute, and 4 second period of the satellite's apparent notion
is referred to as a sidereal day. A sidereal day is the tine that it takes the
earth to conplete exactly one revolution. The '24 hour' solar day is the period
of tinme that it takes the sun to reach the sane point in the sky. The solar day
is longer than the sidereal day because the earth is in orbit around the sun and
the earth nust rotate nore than 360 degrees for the sun to reach the same point
in the sky.

Sidereal tinme refers to the tine reference used to record time during a siderea
day. A sidereal time clock would progress up to 23 hours, 56 mnutes, 3 seconds
and then wap around to O hours, O mnutes, O seconds. All sidereal tinmes used
by the RC2000B controller and referenced in this manual are in seconds.

4.2 RC2000B Tracking Algorithmec.:4.2 RC2000B Tracki ng Al gorithm

The tracking algorithmused on the RC2000B can be divided into 3 distinct parts,
or subnodes - STEP_TRACK, PROGRAM TRACK, and SEARCH. A TRACK ERROR subnode is
al so inplemented. These subnodes are summari zed here to provide an overvi ew of
the tracking algorithm The follow ng sections will provide nmuch greater
detail. Notice that certain words are italicized in the follow ng subsections.
The italicized text refers to paraneters which are specified by the user either
at the tine of systeminstallation (via CONFIG node), when a track is initiated
(via SETUP node), or once a track has been established (via the TRACK npde
menu). The idea is to get the user fanmiliar with the paranmeters which he or she
nmust either specify or adjust. Al of these paraneters are described in nore
detail in later sections.



The TRACK subnodes will be described in chronol ogi cal order as seen by a user
initiating a track on an inclined orbit satellite. A track is initiated from
SETUP node. The user peaks the antenna on the inclined orbit satellite, selects
the satellite name, |ongitude, inclination and band, and then sets the
satellite's horizontal and vertical polarization positions. At this point the
controller enters STEP_TRACK node.

In the STEP_TRACK subnode the controller periodically perforns peakups on the
inclined orbit satellite and saves the satellite azinmuth and el evati on positions
where the peaks occur in non-volatile menory, into an area called the track
table. The track table divides the sidereal day into 48 tinme segnents.

VWenever the current sidereal tinme equals the starting tinme for one of the 48
time segnents, a peakup occurs and the antenna azinuth and el evati on val ues are
stored into the appropriate position within the track table. The track table
stores a map of the satellite's apparent notion as seen by the antenna.

The PROGRAM TRACK subnpde is active whenever a satellite's track table contains
valid satellite position data for the current tine. Wen PROGRAM TRACK i s
active the antenna snoothly tracks the satellite by interpolating between track
tabl e azimuth and el evation position entries. Once a conplete track table has
been established for a satellite, the controller will remain in the

PROGRAM _TRACK subnode.

The SEARCH subnpde is active when the satellite signal is lost and track table
data is not available. In this submbde the controller perfornms a search for the
satellite in the region where it calculates the satellite will be found as based
on its know edge of the satellite's apparent notion. |f the satellite is found
while the controller is performng a search, the STEP_TRACK subrmpbde will receive
control. If the satellite is not found while perform ng the search, the
controller will wait search retry interval mnutes and perform another search

If while waiting for the search retry interval to expire the sidereal tine
advances to a time for which valid track table data is available, the

PROGRAM TRACK node wi || becone acti ve.

The TRACK _ERROR subnmpde becomes active whenever an error occurs. Sone of the
errors which can occur are: antenna jamed, antenna limt reached while
tracki ng, antenna runaway, track table data corrupted, system CONFlI G data
corrupted, or a peak limt error has occurred (while peaking the antenna the
controller had to nove too far - possibly peaking on an adjacent satellite).
Errors are described in Chapter 7.

4.2.1 STEP_TRACK.c.::4.2.1 STEP_TRACK

In the STEP_TRACK subnode, the controller will periodically jog the antenna in
azinmuth and el evation to peak up the signal strength. Peakups are perfornmed,
and the peak antenna azinuth and el evati on position recorded into the track

t abl e, whenever the current sidereal time reaches a value that corresponds to
one of the 48 track table entries. Peakups are al so perfornmed whenever the
controller calculates that the tinme interval since the |ast peakup corresponds
to a maxi mum possi bl e antenna pointing error of one dB

The controll er makes use of its knowl edge of the satellite's apparent notion and
t he antenna beamwi dth to cal cul ate the maxi num possi bl e antenna pointing error
The antenna beamni dth is cal cul ated by the controll er based on the antenna size
and frequency band data. The azinmuth and el evati on novenent step size used for



t he peakups are based on the max track error paraneter specified by the user. A
smal l er max track error value gives snaller step sizes.

The STEP_TRACK subnode will pass control to these TRACK node subnmpdes on the
follow ng conditions:

PROGRAM TRACK. . recei ves control when the current sidereal tinme equals a tine for
which track table data is avail abl e.

SEARCH. . receives control if the satellite signal is |lost.

ERROR. . recei ves control if any error is encountered.

4.2.2 PROGRAM TRACK. C.::4.2.2 PROGRAM_TRACK

When t he PROGRAM TRACK subnode is active, the controller smoothly positions the
antenna to azimuth and el evation positions derived fromthe track table,

regardl ess of whether a satellite signal is present or not. The track table
hol ds a map of the satellite's apparent notion as a function of sidereal tinme.
The controller perforns a |inear interpolation between adjacent track table
entries to determi ne the correct antenna position.

I n PROGRAM TRACK subnmode ant enna novenent occurs whenever the controller
calculates that the error between the antenna's current position and the
antenna's proper position as deternmned fromthe track table exceeds max track
error tenths of a dB. To deternmine the error between the current and cal cul ated
antenna position, the controller calculates the antenna beamni dth based on the

antenna size and the frequency band. |If the nmax track error parameter is
decreased in value, the antenna pointing error will be | ess, but the antenna
will move nore often, which increases wear on the antenna actuators.

The PROGRAM TRACK subrmode al so periodically perforns peakups (sinmlar to
STEP_TRACK subnmpde) to check the accuracy of track table entries. |If the

di screpancy between the peakup position and the position stored in the track
table is greater than that specified by the max track error paraneter, the
update flag for each entry in the track table is set TRUE. The frequency at

whi ch these track table accuracy checks occur is determ ned by the update check
paraneter. The default update check interval is 72 hours, but it can be changed
by the user to any value in the range of 1 to 999 hours.

If the current sidereal tinme reaches a value that corresponds to an entry in the
track tabl e whose update flag is set TRUE, and the current signal strength |eve
indicates that a satellite signal is present, a peakup will occur, the track
table entry will be updated, and the track table update flag is reset FALSE. |f
the satellite signal is not present the update flag remains set TRUE and the
systemw Il try again in 23 hours, 56 mnutes, and 4 seconds. The user can view
the contents of each track table entry and exam ne the present state of the
update flag. |In addition the user can invoke the force update or reset update
functions to force the update flag for each entry in the track table to be
either set TRUE or reset FALSE, respectively. These functions are accessible
via the TRACK MENU system which is described in nore detail in the section on
TRACK node in chapter 5.

The PROGRAM TRACK subrmode will pass control to the other TRACK node subnodes
under the follow ng circunstances:



STEP_TRACK. . recei ves control when the current sidereal tinme reaches a value for
which there are no valid track table entries and a valid satellite signal is
present.

SEARCH. . recei ves control when the current sidereal tinme reaches a value for
which there are no valid track table entries and a valid satellite signal is not
present.

ERROR. . recei ves control when any error is encountered.



4,2.3 Intelli-Search.c.::4.2.3 Intelli-Search

The SEARCH subnode receives control whenever the satellite signal is |ost and
the track table does not contain antenna azinmuth and el evation position data for
the current sidereal time. Wenever the SEARCH subnpde is active the controller
periodically perforns a search over the region where the controller has
calculated that the satellite will be found. The Intelli-Search algorithm
deternines the extent of the search region based on the satellite |ongitude, the
antenna | atitude and antenna |ongitude, the antenna beamn dth (as cal cul ated
fromthe antenna size and frequency band), and the elevation and azinmuth scale
factors.

The azimuth and el evation scale factors refer to the mappi ng of position counts
to angle, and vice versa for the azinuth and el evation axis. These scale
factors are derived fromazinmuth position, elevation position, and |ongitude
data of adjacent geostationary satellites. Scale factors are discussed in nore
detail in the next section.

The use of the Intelli-Search algorithmrelieves the user of the task of having
to specify the controller's search region. Oher tracking antenna controllers
limt the search to a box shaped region and force the user to deternine the
boundari es of the search region, which is often a trial and error process.

Pl ease refer to figure 4.2. |If the box shaped region specified by the user is
too small the controller may not search the entire region where the satellite's
apparent notion takes it, and for sone segnments of the satellite's novenent the
controller may not be able to find the satellite. |If the box search region is
too large, the controller may find an adjacent satellite. |If the search region
is not centered properly, both of the error conditions described above could
occur.

The Intelli-Search algorithmcal cul ates the shape of the search regi on based on
easily determ ned physical data supplied by the user, and information derived
fromthe antenna positions and | ongitudes of the geostationary satellites in the
vicinity of the inclined orbit satellite which is being tracked. |In npst cases
the search region is shaped |like a parallelogram The |Iong di nensions of the
paral |l el ogramis cal cul ated based on the satellite inclination angle specified
by the user when the track is initiated from SETUP node. The width (or short

di mension) of the parallelogramis specified by the azimsearch scale factor
paraneter entered via CONFI G node. The azimsearch scale factor has a range of
values of 1 to 10, with 1 specifying the narrowest search w ndow and 10

speci fying the wi dest w ndow. The default value of 3 is adequate for nopst
situations.

If a satellite signal is found during a search, the controller switches to the
STEP_TRACK subrmode. |If a satellite signal is not found during the search, the
unit waits awhile and then performs another search. |f during the wait the
sidereal tinme advances to a value for which there is valid track table data, the
controller will switch to the PROGRAM TRACK node. The wait period between
successive searches is determned by the value of the search retry interva
paranmeter. The default value of this paraneter is 10 minutes, but it can be
changed to any val ue between 0 and 999 m nutes.

The search consists of successive sweeps separated from one another by an angle
corresponding to a 2 dB rolloff of the antenna pattern. The antenna pattern is
cal cul ated based on the antenna size and frequency band. The sweeps can be in
ei ther azinmuth or elevation depending on the shape of the search region. The



search region is centered at the nonminal position of the satellite. This is the
position that the controller has cal cul ated where the satellite would be found
if the satellite inclination was zero.



Figure 4.2 Intelli-Search



4.3 | mpl ementing the Tracking Algorithms.c.:4.3 | mpl erenti ng the
Tracki ng Al gorithns;

This section describes the information needed to inplenent the tracking
algorithms. The purpose of this section is to give the user insights into the
operation of the controller and to prepare for the actual entry of the setup
information in follow ng sections.

4.3.1 Location Information.c.::4.3.1 Location Information;

The antenna | atitude and | ongitude and the | ongitude of the inclined orbit
satellite to be tracked nust be specified in order to deternmine the satellite's

apparent notion. In nost cases the satellite's apparent notion as seen by the
antenna mount is a skewed figure eight shape. This information is needed to

i mpl enent the controller's Intelli-Search algorithm

4.3.2 Ant enna Scal e Factors.c.::4.3.2 Ant enna Scal e Factors;

The antenna azimuth and el evation scale factors characterize the nmount's count
to pointing angle relationship. This capability is fundanental to the operation
of the controller. The controller nmust be able to position the antenna to any
desired pointing angle. The scale factors for a given inclined orbit satellite
can be viewed via the TRACK node MENU system (VIEWoption - nmore on this in
chapter 5).

The scale factors are determ ned automatically by the RC2000B by | ooking at the
azimuth and el evati on position count values and the |ongitudinal positions of
the geostationary satellites. Wen the user initiates a track on an inclined
orbit satellite, the controller uses 2 geostationary satellites (which have been
previously progranmed into the controller via SETUP node) in the vicinity of the
inclined orbit satellite to determ ne the azinmuth and el evation scale factors.
This is why at |least 2 geostationary satellites nmust be available in the
controller's non-volatile nenory to initiate a track on an inclined orbit
satellite, and why it is critical that the user specify the proper |ongitudina

val ues for the geostationary satellites. |If a geostationary satellite is
programmed into nenory with an incorrect |ongitude value (angle or direction),
the controller will accurately position the antenna on the geostationary

satellite (when it is recalled via AUTO node) but may not function properly if
an inclined orbit satellite is specified in the vicinity of the geostationary
satellite. VERI FY THE LONG TUDE VALUE OF ALL SATELLI TES PROGRAMVED | NTO THE
CONTROLLER VI A SETUP MODE

4.3.3 Ant enna Radi ation Pattern.c.::4.3.3 Ant enna Radi ati on Pattern;

An antenna radi ation pattern specifies antenna receive power versus antenna

poi nting angle from boresight. Boresight is the pointing angle associated with
maxi mum r ecei ved power froma given satellite. The controller calculates the
shape of the antenna's radiation pattern by knowi ng the size of the antenna and
the frequency band (C or Ku) currently in use. Antenna size data is entered via
a CONFI G node prompt. The frequency band data is specified in SETUP node when



the user initiates a track on an inclined orbit satellite. Note that the
controller also allows the user to specify a dual band inclined orbit satellite.
For this case the user is prompted to supply frequency band data on entry into
TRACK node and is allowed to change the frequency band via the TRACK node nenu.

Antenna radi ation pattern information is necessary to allow the user to specify
a maxi mum al | owabl e antenna pointing error in decibels (dB) rather than in

el evation and azinmuth position counts. The maxi mumtrack error is used to
deternmine the step size in step track nmode and to determi ne the frequency of
novenment in programtrack node. In addition, antenna radiation pattern
information is used in SEARCH node to determine the width of the parallel ogram
shaped search region and the angl e between successive sweeps.

4.3.4 Real Tine Clock.c.::4.3.4 Real Tine C ock

The controller contains a real tine clock (powered by the sane lithiumbattery
that powers the controller's non-volatile nmenory) which is used to calculate the
sidereal tinme. The period of the satellite's notion is one sidereal day. The
controller maintains a track table which contains the satellite's azimth and

el evation positions as a function of sidereal tinme. The controller uses the
time and date maintained by the real tine clock to calculate the sidereal tine.
The user specifies the tine and date via CONFI G node pronpts.

It is inmportant that the user not change the tinme val ue when the tine changes
from Standard Tine to Daylight Savings Tine. The satellite does not experience
the tine shift. |If the time is changed forward or backward by one hour, the
data in the programtrack table will no | onger be correct. For this reason the
user should not change the time as the tinme standard changes. |If this causes
confusion the tinme may be specified as Geenwich Mean Tine (often referred to as
GMI). Note that the real tine clock used in the controller will properly
account for |eap years.

4.3.5 Recei ver AGC Signal.c.::4.3.5 Recei ver AGC Si gnal

To inplenment the tracking algorithns, the controller requires an input signa

whi ch indicates the strength of the received signal. Such a signal is generated
within a satellite receiver and is referred to as an AGC signal. AGC is the
abbreviation for Automatic Gain Control. On satellite receivers, this signa

may al so be referred to as a 'Signal Strength' or 'Tuning Meter' output. An AGC
output typically varies in proportion to the received power of the transponder
which the receiver is currently tuned to.

The signal strength input is used to peak up the antenna while step tracking.
The step tracking operation positions the antenna so as to maxim ze the received
signal strength. Signal strength is also used to determ ne whether or not a

satellite transponder is currently active. |If the signal strength reading falls
bel ow a threshold set by the user, the controller assunes that a satellite
signal is not present. If the satellite signal is |ost while step tracking the

SEARCH sub- node receives control. When the PROGRAM TRACK sub-npde is active,
the presence of a satellite signal governs whether or not track table update
operations are performed. The procedures required to set up the controller for
various receiver AGC configurations are covered in detail in the next section



4.4 Configuring the Tracking Systemc.:4.4 Configuring the Tracking
System

This section describes the procedures which the user nust follow to configure
the tracking system The procedures for adjusting the AGC gain and offset pots,
deternmining the AGC threshold paraneters, and entering other CONFI G npode data
pertaining to the tracking system are all covered in this section.



4.4.1 AGC Adj ustnment and Configuration.c.::4.4.1 AGC Adj ustnent and
Confi gurati on;

The use of the AGC signal was described in the previous section. The controller
has the provision to process two channels of AGC information. This nmeans that
two receivers can be connected to the controller (at |east one receiver is
required). The two channels are referred to as AGCL and AGC2. The controller
uses the stronger of the two as its AGC i nput. Each channel has separate gain
and of fset potentiometer adjustnments. The installer uses the pots to transform
the receiver's ACGC signal swing into a range of values which is easily nmeasured
by the controller.

In addition to the potentioneters, there are three CONFI G node itens which are
related to the AGC system The three itens are ..

1. AGC Polarity Flag - This flag indicates to the controller whether a
stronger satellite signal corresponds to a higher AGC voltage (positive
polarity) or a | ower AGC voltage (negative polarity). Both AGC channels nust
have the sane polarity. Each AGC channel contains an internal pull down
resistor. This nmeans that if one of the AGC channels is unused, its input is
pulled to ground. This can cause problens if the AGC polarity Flag specifies
negati ve polarity, because an input of zero volts (ground potential) corresponds
to the strongest possible satellite signal. For this case the installer nust

pl ace a junper from connector J1, pin 11, to the unused AGC i nput channel and
adj ust that channel's potentioneters so that its signal strength value is 0. J1
- pin 11 has a potential of 5.7 volts.

2. AGC C Band Threshold - When the receiver is tuned to a C band satellite
and the signal strength is above this value, it is assuned that a satellite
signal is present. The sane threshold is applied to both AGC channel s.

3. AGC K Band Threshold - This is simlar to the C Band Threshol d descri bed
above, except it pertains to Ku Band. |f the signal strength is above this

val ue when the receiver is tuned to a Ku band satellite, the controll er assunes
that a satellite signal is present.

The signal strength is displayed when MANUAL, TRACK, SETUP, and LIMT nodes are
active. In MANUAL, TRACK, and SETUP nodes, the signal strength of the AGC
channel which corresponds to the strongest received satellite signal is

di splayed. In LIMT node, the signal strength of both AGC channels is displayed
(the first value corresponds to AGCl). The signal strength is displayed as a
nunber in the range of 0 to 1023. Note that in MANUAL, TRACK, and SETUP npdes,
the maxi mum si gnal strength which can be displayed is 999. A signal greater
than 999 is displayed as '***'. The displayed value takes into account the
setting of the AGC Polarity Flag. 1In other words, a greater signal strength

val ue al ways corresponds to a stronger received satellite signal

Si ngl e Receiver - Single Frequency Band.c.:::Single Receiver - Single Frequency
Band; Inclined Orbit Satellite AGC Setup

The foll owi ng paragraphs descri be the setup procedure for the sinplest case -
only one receiver and controller AGC i nput are used, and the user is tracking
only C band (or only Ku band) inclined orbit satellites.



1. Align the antenna with a strong satellite (geostationary or inclined
orbit) of the proper frequency band. Place a voltnmeter on the receiver's AGC

out put, nmeasure and record the voltage. |In the description that follows, the
term'on satellite' will be used to refer to the antenna aligned with a strong
satellite.

2. Jog the antenna off of the satellite so the antenna is | ooking at nothing.
Measure and record the receiver's AGC voltage. |In the description that foll ows,
the term'off satellite' will be used to refer to this case where the antenna is

positioned well off of any satellite, |ooking at nothing.

3. If the difference between the two recorded values is less than 1 volt,
connect the receiver's AGC output to the controller's AGCL input. O herw se,
connect the receiver's AGC output to the controller's AGC2 input. Be sure to
connect the ground return of the controller to a ground on the receiver. See
figures 3.1 and 3. 2.

4, If the AGC voltage associated with the 'on satellite' case is greater than
that of the 'off satellite' case, the receiver has POSI TI VE AGC pol arity,

ot herwi se the receiver has NEGATIVE AGC polarity. Go to CONFIG node and use the
SCROLL UP and SCROLL DOWN keys to bring up the ACGC polarity Flag item Key in
the proper polarity using either the O or 1 key and termnate the entry with the
ENTER key.

5a. If the receiver's AGC has NEGATI VE polarity, go to step 5b. If the
receiver's AGC has POSITIVE polarity, go to LIMT node and exami ne the signa
strength for the AGC channel which was not selected in step 3. |If the signa
strength reading for that channel is greater than 10 adjust the OFFSET and GAI N
for that channel until the signal strength reading for that channel is |less than
10. To lower the displayed signal strength turn the OFFSET pot cl ockw se and

t he SCALE pot counter-cl ockwi se. Be sure not to turn the controller off while
the controller is in LIMTS node or else the limts which have previously been
set will be corrupted. Proceed to step 6.

5b. If the receiver's AGC has NEGATI VE polarity, connect a junper fromthe
controller's unused AGC i nput channel to connector J1, pin 11. Go to LIMT node
and exanine the signal strength for the AGC channel which was not selected in
step 3 above. |If the signal strength reading for that channel is greater than
10, adjust the OFFSET and GAIN pots for that channel until the signal strength
readi ng for that channel is less than 10. To |ower the displayed signa

strength value, turn the OFFSET pot counter-cl ockwi se and the SCALE pot

cl ockwi se. \When this is acconplished proceed to step 6.

6. In the next few steps of the procedure, the OFFSET and GAIN pots of the
AGC channel connected to the receiver's AGC output are adjusted so that the 'off
satellite' signal strength value is between 50 and 100 and the 'on satellite’
signal strength value is between 600 and 700.

Note that the GAIN and OFFSET adjustments are inplenmented using 20 turn pots. A
| ot of turns may be required.

7. Go to MANUAL node, position the antenna 'off satellite', and adjust the
OFFSET pot (for POSITIVE polarity receivers) or the GAIN pot (for NEGATI VE
polarity receivers) so that the signal strength reading is about 75.



If the AGC has POSI Tl VE polarity and the signal strength is too low, turn the
OFFSET pot counter-clockwi se. If the AGC has POSITIVE polarity and the signa
strength is too high (or is "***'), turn the OFFSET pot cl ockw se.

If the AGC has NEGATI VE polarity and the signal strength is too low, turn the
GAI N pot counter-clockwi se. [|f the AGC has NEGATI VE polarity and the signa
strength is too high (or is "***")  turn the GAIN pot cl ockw se.

8. While still in MANUAL node, position the antenna 'on satellite' and adjust
the GAIN pot (for POSITIVE polarity receivers) or the OFFSET pot (for NEGATI VE
pol arity receivers) so that the signal strength value is about 650.

If the AGC has POSI TIVE polarity and the signal strength is too |ow, adjust the
GAI N pot clockwise. |If the AGC has POSITIVE polarity and the signal strength
value is too high (or is "***') adjust the GAIN pot counter-clockw se.

If the AGC has NEGATI VE polarity and the signal strength is too |ow, adjust the
OFFSET pot clockwi se. |f the AGC has NEGATI VE polarity and the signal strength
value is too high (or is "***') adjust the OFFSET pot counter-cl ockw se.

9. Position the antenna 'off satellite'. |If the signal strength is between
50 and 100, proceed to step 10. |If the signal strength is |less than 50 or
greater than 100 perform steps 7 and 8 agai n.

10. Position the antenna 'on satellite'. Jog the antenna off of the satellite
until the picture is just barely watchable. Note the signal strength value. Go
to CONFI G node and use the SCROLL UP and SCROLL DOWN keys to bring up either the
"AGC C Band Threshold' itemor the 'AGC K Band Threshold' item whichever is
appropriate for the frequency band that the user has chosen to operate at (and
has adjusted the pots at). Key in the signal strength val ue noted above.

Term nate the entry with the ENTER key.

Si ngl e Receiver - Dual Frequency Band.c.:::Single Receiver - Dual Frequency
Band; Inclined Orbit Satellite AGC Setup

The setup procedure described above was for the case where a single satellite
receiver is connected to the controller and the user is interested in tracking
only satellites of a single frequency band (either C or Ku). A slight increase
in conplexity occurs if the user must be able to track both C and Ku band
inclined orbit satellites. This is because the same AGC channel is used for
both frequency bands and therefore the OFFSET and GAIN pot adjustnments for that
channel nust be made so as to acconmodate both frequency bands. At the heart of
the problemis the fact that the signal strength (as seen by the receiver's AGC
circuits) will vary with the frequency band selected due to differences in
antenna gain, LNB gain, and the differences in output power between C band and
Ku band satellites.

The adj ustment procedure for the dual band case is very simlar to the single
band case descri bed above. The follow ng paragraphs descri be the nodifications
required to adapt the single receiver - single band procedure, to the single
recei ver - dual band case.

1. The procedure is simlar to step 1 above except that the user should align
the antenna with a strong C band and a strong Ku band satellite. The voltages
for each frequency band shoul d be recorded.



2. Simlar to step 2 above except that both C and Ku band AGC vol tages are
obt ai ned when the antenna is |ooking at nothing.

3. Simlar to step 3 above. The only nodification is that the user should
sel ect the frequency band whose 'on satellite' and 'off satellite' receiver AGC
voltage difference is the greatest to make the deternination of which AGC
channel to use.

4-5. No changes from steps 4 and 5 which are outlined above.

6. As outlined above, in the next few steps the user will adjust the GAIN and
OFFSET pots of the AGC channel which is connected to the receiver. The
difference is that in steps 7 through 9 the term 'on satellite' nust be replaced
with '"on satellite, strong band' and the term'off satellite' nust be replaced
with 'off satellite, weak band'. These ternms are described bel ow.

The term'on satellite, strong band' refers to the case when the antenna is
aligned with a satellite of the frequency band that has the greatest gain. For
a POSITIVE AGC polarity receiver this is the band for which the greatest voltage
was recorded in step 1. For a NEGATIVE AGC polarity receiver, this is the band
for which the | owest voltage was recorded in step 1

The term'of f satellite, weak band' refers to the case when the antenna is
positioned off of any satellite and the receiver is tuned to the frequency band
whi ch has the | owest gain. For a POSITIVE AGC polarity receiver this is the
frequency band for which the | owest voltage was recorded in step 2 above. For a
NEGATI VE AGC pol arity receiver this corresponds to the frequency band for which
the greatest voltage was recorded in step 2 above.

7. Simlar to the step 7 outlined above. 1In place of 'off satellite' use the
term'off satellite, weak band' as descri bed above.

8. Simlar to the step 8 outlined above. |In place of 'on satellite' use the
term'on satellite, strong band' as described above.

9. Simlar to the step 9 outlined above. |In place of 'off satellite' use the
term'off satellite, weak band' as described above.

10. Simlar to the step 10 outlined above except that jogging the antenna 'on
satellite' and then slightly off should be performed for each frequency band to
obtain both the AGC C Band Threshold and the AGC K Band Threshold. Both of the
threshol d val ues should be entered into the controller via CONFI G node as
outlined above.

Usi ng Two AGC Channel s.c.:::Using Two AGC Channels;

Connecting a second receiver to the controller is straightforward. The
controller AGC i nput channel GAIN and OFFSET adj ustnents have enough range to
handl e any possi ble receiver AGC schene as long as the AGC | evel is |less than
six volts. In step 3 of the adjustnent procedure, the installer is instructed
to select the controller AGC i nput channel based on the range of the receiver's
AGC out put. AGC input channel 1 is designed to handle 'small' AGC signal sw ngs
and AGC i nput channel 2 is designed for 'large' AGC signal swings. There is
enough adj ust ment range, however, so that either channel may be connected to any
recei ver AGC out put.



If two receivers are used both nust have the same AGC polarity and the GAIN and
OFFSET pots of each channel nust be adjusted so that the sanme threshold val ues

are appropriate for each channel. VWhen two receivers are used, the controller
will use as its AGC i nput the stronger of the two signals. |If two receivers are
used, all pot adjustnments will have to take place in LIMTS node because this is

the only node where the voltages which correspond to each AGC channel nay be
vi ewed si mul taneously and unanbi guously.

Amplifier Gain vs. Frequency Characteristics.c.:::Amplifier Gain vs. Frequency
Characteristics;

An anplifier's gain vs. frequency characteristic, or gain flatness, is the
variation of the anplifier's gain with changing frequency. The ideal response
is to have a flat gain characteristic (the gain does not vary with frequency).
Anmplifiers with poor gain flatness characteristics can cause problens for the
tracker. This section describes a sinple test (no equi pnent required) that the
user can carry out to check the receiving system s gain flatness.

There are four places in a satellite receiving systemthat may have gain
flatness problems that can affect the operation of the tracker. These are the
LNB, the coaxial cable connecting the LNB to the receiver, line anps (or bullet
anps) inserted in the 950 - 1750 MHz |IF, and the receiver's |IF or AGC stages.

If a spectrum anal yzer is connected into the receiver's block IF line, the gain
flatness of the LNB and any |ine anps present can be observed. Wen the antenna
is pointed away fromany satellite, the spectrum anal yzer displays the received
noi se, which should be constant with frequency. |I|f the display is not a

hori zontal |ine then sone gain variation with frequency is present.

To understand how a poor gain flatness characteristic can cause probl ens,
remenber that the purpose of the AGC input is to let the controller determn ne
whether a satellite signal is present or not and to provide relative signa
strength i nformati on when peaking the antenna. A signal is assuned to be
present whenever the AGC input is above the threshold | evel for whichever band -
C or Ku - has been selected. When the receiver is tuned to various
transponders, gain flatness problens could cause the AGC signal to be above the
threshol d when in fact no satellite signal is present. For certain
transponders, gain flatness problens could al so cause the controller's AGC i nput
scaling network to be saturated when the antenna is aligned with a strong
satellite, nmaking it inpossible for the controller to detect changes in signa
strength when attenpting to peak the antenna.

To test the gain flatness of the satellite receiver, performthe follow ng
procedure. The procedure assunes a single receiver, single frequency band
system

1. Position the antenna well off of any satellite. Tune the receiver to each
transponder. Make sure that the signal strength reading is below the threshold
assi gned via CONFI G node.

2. Align the antenna with a strong satellite. Tune the receiver to each
active transponder on the satellite. Make sure that the signal strength is wel
above the threshold and bel ow 999.

If the systemfails either of the tests above, then the user can either attenpt
to correct the problem by readjusting the GAIN and OFFSET pots (using the
procedure outlined earlier) or correcting the gain flatness problem Mst gain



fl atness problens can be traced to a problemw th the coaxial cable connecting
the antenna to the receiver (sonetines called a 'suck-out') or to bullet
anplifiers. Some bullet anplifiers have been observed to have really terrible
gain flatness characteristics.

To performthe above tests on a dual frequency band system repeat the test for
each frequency band. On a dual receiver system sinply performthe test on each
receiver. On a dual frequency systemthe tests should be performed with the
controller in LIMT node so that there is no confusion as to which AGC i nput
channel the displayed signal strength reading corresponds to.

4.4.2 CONFI G Mbde Data.c.::4.4.2 CONFI G Mbde Dat a;

This section briefly describes each of the CONFIG node itens and how they relate
to the tracking system The nanes of CONFI G node itens appear in italics. The
installer should go through this section and enter in the relevant data. Be
sure to termnate each entry with the ENTER key. |If an entry is term nated by
depressing the SCROLL UP or SCROLL DOWN keys the data entered by the user is not
saved into non-volatile nmenory. After all of the data has been entered the user
shoul d go through the data itens again to verify that all entries were properly
recorded.

The Autopol enable and Autopol vpol level itens are described in section 3.6.
In TRACK node the Autopol feature works the sane as it does in the other nodes.
When a novenent is in progress while TRACK node is active, the Autopol signa
may not be i medi ately recognized. It will be recognized when the novenent
ceases.

The sinmultaneous az/el enable CONFIG node itemis not relevant in TRACK node as
no movenents in TRACK nbde occur about each axis simultaneously. This itemis
only applicable to novenents which occur in AUTO node.

The tine and date are entered via the CONFI G node. The use of tinme and date
informati on by the tracker is described in section 4.3.4. Note that once a
track is established for a satellite the tine and date shoul d not be changed.
If this is a problem the user might set the tine and date to Greenwi ch Mean
Time (GMI). Please refer to section 4.3.4.

The AGC polarity flag, AGC C band threshold, and the AGC K band threshold CONFI G
mode itens are discussed in section 4.4.1. Please refer to that section for
more informati on on these itens.

The antenna | atitude and antenna | ongitude are required by the tracking
algorithms to predict the apparent notion of the satellite. The data is entered
in a degrees.tenths_of _degrees format. Mst maps show | atitude and | ongitude
data in a degrees.mnutes format. Below is a table of mnutes versus

tent hs_of _degrees.

nm nut es degr ees nm nut es degr ees

06 0.1 36 0.6
12 0.2 42 0.7
18 0.3 48 0.8
24 0.4 54 0.9
30 0.5



The | atitude and longitude data entry nmust also specify a direction. For
latitude the options are North or South, and for |ongitude the options are East
and West. Locations in North America and South Anmerica have westerly

| ongi tudes, while locations in Asia have easterly |longitudes. Section 2.1
descri bes the keys used to specify the direction associated with latitude or

| ongi tude data entry.

The antenna size paraneter specifies the antenna dianmeter in centineters. Use
the table below to convert feet or neters into centineters.

Feet Met ers Centinmeters
5.9 1.80 180
8 2.44 244
10 3.05 305
12 3.66 366
15 4.57 457
20 6.10 610
23 7.00 700
24 7.32 732

The max track error and azim search scale factor CONFIG npode itens are discussed
in section 4.2. The default values are 10 and 3, respectively. The max track
error is specified in tenths of a dB. Wen initiating a track on an inclined
orbit satellite for the first tine, it is probably best to | eave these
paraneters at their default values. See the section on tracking problens at the
end of this chapter for nore information on the max track error paraneter.

The azi m sl ow speed and the el ev sl ow speed codes are discussed in section 3.4.
These speed codes should be initialized because the tracking system uses these
val ues to determ ne how fast to nove the antenna when naki ng novenents.

The angl e di splay enable, azimscale factor, azimoffset, elev scale factor, and
el ev offset CONFIG node itens are used to display the azinuth and el evation
positions in an angle format. These itens are determ ned using the procedure
outlined in section 3.6. It is not necessary for the angle display feature to
be enabled for the tracking systemto operate. Note that the azim scale factor
referred to here is different than the scale factors nmentioned el sewhere in this
chapter, which relate position counts to antenna pointing angl es.

4.4.3 Initiating a Track on an Inclined Orbit Satellite.c.::4.4.3
Initiating a Track on an Inclined Orbit Satellite;

Thi s section describes the process of initiating a track on an inclined orbit
satellite. The steps are very sinmlar to those required for saving the azimnuth,
el evation, and pol ari zation positions for a geostationary satellite (described
in section 3.5). Atrack is initiated from SETUP node. The user nust position
the antenna on the inclined orbit satellite, use the SCROLL UP, SCROLL DOWN, and
ENTER keys to select a satellite nanme, and then verify the satellite | ongitude.
This is identical to the procedure for the geostationary satellites.

At the pronpt that asks if the satellite is an inclined orbit satellite, the
user should respond with the YES key. The user is then pronpted for the
satellite inclination. This refers to the inclination angle of the satellite's



orbital plane to the earth's equatorial plane (discussed in section 4.1). Refer
to figure 4.3, which gives the inclination angle for a nunmber of satellites and
a nonograph for calculating the inclination for any date between 1993 and 2000.
The followi ng exanple uses figure 4.3 to determne the inclination of the
Intelsat V F4 satellite in June, 1995.

1. Use the table that is part of figure 4.3 to determi ne the inclination of
the satellite on January 1, 1993. For the Intelsat V F4 satellite the value is
3.5 degrees.

2. Start at the origin of the graph (in figure 4.3) and nove up the vertica
axis to the inclination value found in step 1. Mke a mark at that | ocation.
For this exanple, a closed circle has been placed on the vertical axis of the
graph at 3.5 degrees.

3. In this step the current inclination value of the satellite is determ ned
Wth a snmall pointer, nove upwards and to the right on the graph parallel to the
di agonal lines. Position the pointer so that it is just over the position on
the horizontal axis which corresponds to the date of interest - in this case
June 1995 (or about half way between the 1995 and 1996 tick narks). Read the
satellite inclination off of the vertical axis. For this exanmple, an open
circle has been placed on the graph. The horizontal coordinate of the open
circle corresponds to June, 1995. The vertical coordinate of the open circle is
the satellite inclination in June, 1995. The vertical coordinate is read off of
the vertical axis. For the Intelsat V F4 satellite in June, 1995, the satellite
inclination is 5.5 degrees.

If a satellite is not listed in figure 4.3, renenber that the satellite
inclination increases at a rate of about 0.9 degrees per year. |If it is known
what year the satellite went into an inclined orbit, the inclination of the
orbital plane can be cal culated. The maxi muminclination angle for an Intel sat
satellite is typically 5 degrees. The GSTAR 3 satellite is in an inclined orbit
due to a bad launch. |Its inclination was around 5 degrees in 1992.



Figure 4.3



The inclination value specified by the user is used by the Intelli-Search
algorithmto calculate the |Iong di nension of the parallel ogram shaped search
region. If there is no data available on the inclination of the satellite, use
the default value of 5 degrees. After keying in the satellite inclination the
user is pronpted to specify the satellite band. The user nmy select either C
band, Ku band, or both for a dual band satellite.

Next the user is pronpted to specify the H and V polarizations in a manner
identical to that for a geostationary satellite. The controller will then
prompt for an initial track polarization. At this point the user should tune
the receiver to the desired transponder and hit either the Hor V key to specify
the polarization. The controller will then switch to TRACK node and display the
"INl TIALI ZI NG - PLEASE WAIT' nessage. The nessage will be displayed for
approximately 1 m nute and then the controller will enter the STEP_TRACK sub-
node and begin step tracking. Normally the controller will remain in the
STEP_TRACK subrmode for 23 hours and 56 mnutes while the track table is
conpi | ed.

To test the Intelli-Search algorithm the user can exit TRACK node and then
reenter TRACK node via the AUTO node. When the controller reenters TRACK node a
search will be performed and when the satellite is found, step tracking wll
resume. This is also a good way to test if the elevation linmts are set w de
enough to allow the antenna to track the satellite's novenents. Note that when
a search takes place, the controller will search the entire region and then
return to the position where the greatest signal strength occurred.

The user should review the docunentation on the TRACK node in chapter 5 of this
manual . A TRACK node nenu is avail abl e whenever TRACK node is active and the
controller is idle (i.e. initialization or novenent not in progress). The nmenu
system al l ows the user to view the sidereal time, the azinmuth and el evation
scale factors, and the track table data. The user can also view and nodify a
nunber of other paranmeters including the track table update flags, the nmax track
error paraneter, the frequency band (for dual band satellites), the update check
interval, and the search retry interval.

4.4. 4 Tracking Problems.c.::4.4.4 Tracki ng Probl ens;

This section discusses problens which can occur while tracking an inclined orbit
satellite. TRACK node contains an ERROR subnode, which displays an error
nmessage when it is active. Chapter 7 discusses all of the possible errors which
can occur. This section discusses the nore common probl ens.

The LIMT error occurs when an antenna linmt (either azinuth or elevation -

usual |y elevation) is encountered when tracking a satellite. If this error
occurs while the STEP_TRACK or PROGRAM TRACK subnpdes are active, it usually
nmeans that the elevation limts are not set wide enough. |If this error occurs

during a search it means that either the limts are not set w de enough, or that
too great a satellite inclination angle was specified.

A PEAK LIMT error indicates that the antenna noved too far during a step track
operation. The maxi num novenent of the antenna about the starting position for
the step track operation is limted. This is to prevent the antenna from

peaki ng up on an adjacent satellite during a search operation. This error can



be caused by having a nmount with too much play or by specifying the wong
antenna dianeter. |If the error occurs while the PROGRAM TRACK subnode is
active, it can indicate that the update check interval is set too |arge.

Pl ay, or | ooseness, in the nmount can cause many problens. The user can test for
pl ay by shaking the antenna. Another test is to see if the antenna peaks on a
satellite at different count val ues dependi ng on which way the antenna
approached the satellite. Here's an exanple. 1In one case the peak is
approached by jogging the antenna up and the peak occurs at 110 counts. In

anot her case the peak is approached by jogging the antenna down and the peak
occurs at 103 counts. This indicates that there are 7 counts of play in the
system The solution is to get rid of the play. In sone cases, increasing the
max track error paraneter can help. In general, however, the controller is not
very tolerant of |ooseness in the nount.

If a linear actuator is used to drive the antenna about an axis, it usually
forms one side of a triangle. As the length of the |inear actuator changes, the
opposite angle varies and the pointing angle of the antenna is changed. |If the
i near actuator has sonme play in it, the change in the antenna pointing angle
due to the play in the actuator can be mnimzed if the other sides of the
triangle are nade longer. In sone cases, the ball pivot often found on one side
of the linear actuator is also |oose. Anything which can be done to tighten up
the ball pivot will help.

It is usually best to choose an antenna nount which uses |onger |inear actuators
because the 'sides of the triangle' fornmed by the nmount and the |inear actuator
are longer. Wth longer 'sides of the triangle', |ooseness in the linear
actuator translates into smaller antenna pointing angle variation

4.5 Inclined Obit Satellite Setup Checklist.c.:4.5 Inclined Obit
Satellite Setup Checkli st;

1. Connect the AGC output fromthe satellite receiver to one of the
controller AGC input channels. Determne the AGC polarity. Enter the polarity
into the controller via CONFI G node.

2. Adj ust the GAIN and OFFSET pots for the selected AGC channel so that when
the antenna is aligned with a strong satellite the signal strength level is
around 650, and when the antenna is well off of any satellite the signa
strength level is around 75.

3. Determ ne the values for the AGC C Band Threshol d and/or the AGC K Band
Threshol d, dependi ng on which frequency bands are used. The threshold val ues
are used to determ ne whether or not a satellite signal is present.

4. Wth the antenna positioned well away from any satellite, tune the
satellite receiver across all transponders to verify that the noise floor is
bel ow t he threshol d.

5. Wth the antenna aligned with a strong satellite tune the satellite
recei ver across all bands and verify that the signal strength |level does not
reach saturation and renmai ns above the threshol d.

6. Enter in the followi ng data via CONFI G node: the antenna | atitude and
| ongi tude, the tine and date, and the antenna size (in centinmeters). Note -



once the tine is set and the controller is tracking, do not change the tine
(i.e. Standard to Daylight savings) as this will invalidate the data in the
track table.

7. Go to setup node and programin an inclined orbit satellite. As a test of
the search algorithm the user can go to AUTO node and select the inclined orbit
satellite fromthe list of satellites programed into non-volatile nmemory. The
controller should then performa search. Wen the search is conplete, if the
satellite is found, step tracking will resune.
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.D
.C. Chapter 5 MODES I n-Depth Function Description

The Operational Mdde G oup consists of three nodes: MANUAL, AUTO, and TRAK
Programm ng Mode G oup consists of several nodes: LIMTS, SETUP, RESET, DELETE
RE- SYNC, and CONFI G

51 MANUAL Mode.c.:5.1 MANUAL Mode;

AZ:178.4 EL: 44.2 PL: 15 H SS: 635 MANUAL
SBS 2 97.0 W SPEED: FAST

This nmode allows the user to manually jog the antenna east and west, or up and
down, as well as toggle the polarization between the H and V positions (after
one satellite has been stored in nenory). Additionally, fine-tuning the

pol ari zation with the CWCCWkeys is possible in this node. The H and V keys

will select the preset H and V polarizations for the satellite closest to the
antenna's present position. Polarization control is available in this node only
if Autopol is disabled. Wen enabled, the polarization will be set according to

the |l evel present on the HV input, and PLR. will be displayed instead of PL:

If an externally supplied AGC voltage is connected to the proper term nals of
J1, a relative signal strength indication will appear after the SS field. The
range of this field is 0-999. This field can be used as an aid when storing
satellites to help establish the optinum position. Adjust the AGC pots such
that the display peak value is less than 850 to mnim ze the possibility of
sense circuit saturation. This adjustnment is explained in detail in section
4.4.1, AGC Adjustnment and Configuration

When the antenna is within 45 counts of an azinuth position AND 20 counts for

el evation for a stored satellite, the satellite name will appear in | ower case
letters. When the antenna is noved to within 15 counts of its azinmuth position
AND 10 counts for elevation, the name of the satellite will be displayed in

capital letters. The conditions for azinmuth and el evation position nust
si mul t aneously occur to have a nane appear. Any satellite names that have not
been assigned will not display.

Li kewi se, as the polarization is within approxi mtely 400 of the target value, a
| oner case h or v appears in the display. The indication changes to upper case
H or V when the probe is within 100. No indication for polarity neans the probe
is positioned between h and v.

1. Toggl e the MODE key to enter MANUAL node.

2. Jog the antenna as desired using the east, west, up, and down arrow keys.
3. Adj ust the polarization with the CWand CCW keys. (Once a satellite is
stored in nenory, the H and V keys will toggle the polarotor to those preset

positions if Autopol is disabled.)



5.2 AUTO Mpde.c.:5.2 AUTO Mbde;

SELECT A SATELLI TE: PANAMSAT-1 AUTO
USE SCROLL UP/ DOWN, ENTER TO SELECT

Satellites which have been stored in the controller's non-volatile nmenory (via
SETUP node) can be recalled from AUTO node. Azinmuth, elevation, and HV

pol ari zation data for up to fifty (50) satellites nmay be stored in non-volatile
menory. |If simultaneous azimuth and el evati on novenent (see CONFI G node) is
enabl ed, the antenna will nove about the azinuth and el evation axis

si mul t aneously when perform ng automatic noves. Sinultaneous azi muth and

el evation nmovenent may only be enabled if the total current draw of the two axis
is less than 8 anps.

1. Toggl e the MODE key to enter AUTO node.

2. SCROLL UP or SCROLL DOM to the desired satellite name.

3. Press ENTER to select the satellite. The controller will then pronpt for
H or V polarization. Once this is selected, the contoller will nove the azinuth
axis first, then the elevation, then fine-tune these positions. The

pol ari zation pronpt will not be presented to the user if Autopol is enabled, in
which case it will follow the level of the HV input.

4, The nove can be stopped at any tine by pressing the STOP key.

5. VWhen the nove is conpleted, the node will automatically change to MANUAL
node if the target is a geostationary satellite. This helps to elimnate
accidental noves. |If the target is an inclined satellite, the controller noves

the antenna first to its nomnal position in the arc. The controller then
switches over to TRAK node and begi ns either SEARCH or PROGRAM node, dependi ng

on the status of the track data associated with the satellite. |If a SEARCH is
conducted, the node will switch to STEP after the satellite position is peaked,
and the controller will begin accunul ating data on the particular satellite

bei ng vi ewed.

NOTE: WHEN THE POAER IS TURNED OFF, THE POLAROTOR PROBE MAY SLI GHTLY SHI FT

PCSI TIONS. VWHEN THE POAER | S REAPPLI ED, THE POLAROTOR PROBE W LL MOVE BACK TO
THE PCSITION | T WAS AT BEFORE PONER WAS REMOVED. FOR THI S REASON, ALWAYS LEAVE
THE CONTROLLER ON

5.3 TRAK Mode.c.:5.3 TRAK Mode;

AZ:178.4 EL: 44.2 PL: 73 V SS: 621 TRAK K
GSTAR 3 PROGRAM | DLE 15. 56. 0- MENU

The non-vol atile nmenmory of the RC2000B can hold track data for up to five
inclined orbit satellites. The conplex tasks of data collection, managenent,
and mai ntenance are perforned in TRAK nmode (the tracking algorithnms are
described in detail in section 4.2). There are three main sub-states in TRAK
node: SEARCH, STEP, and PROGRAM that break the |arge task down into smaller



units. The track sub-node which is currently active is displayed to the right
of the satellite name, followed by information specific to that sub-node. The
current frequency band, either C or Ku, is displayed in the upper right hand
corner of the LCD.

Upon entering TRAK t hrough AUTO node, the controller checks for the presence of
data stored in nmenory that nmamy describe the satellite's path. |If this data is
not present, or is inconplete, the SEARCH npde is entered and the unit perforns
an intelligent search over the user defined inclination range.

When t he SEARCH sub-npde is active, the foll owi ng nessages may be di spl ayed:
SEARCH - A search is in progress.

SEARCH I DLE - A search has been perfornmed and a satellite was not found. The
controller is waiting to perform another search. The TRAK nenu function nmay be
used to immediately initiate another search or to change the search retry

i nterval paraneter.

After the SEARCH is conpleted, the antenna is returned to the position of
strongest ACGC input if an AGC signal greater than the appropriate threshold was
recorded. The controller then switches to STEP node, and perforns a signa
peaki ng function. This screen is shown bel ow

AZ: 1340 EL: -21 PL: 73 V SS:598 TRAK K
GSTAR 3 STEP SI G OK PEAKI NG

Once the peaking function is finished, PEAKING is replaced with I DLE XX XX-0-
MENU, where |IDLE describes the current phase of STEP npde, XX. XX is the tinme in
hours. m nutes fornmat, and O- MENU descri bes a user keyboard option (nore on this
later). The . behind the tine should flash at one second intervals, signifying
that the software is running properly.

Based on the user inputs of frequency band and antenna size (entered in CONFI G
node), the controller will periodically change fromIDLE to PEAKI NG and re-
optim ze the displayed signal strength, then return to IDLE. |If left in this
node for approximately 24 hours, sufficient data will be collected and the sub-
state will change to PROGRAM |If not left for this amount of tinme, the unit may
find the satellite via a SEARCH the next time AUTO node is invoked, or it nmmy be
abl e to use PROGRAM dat a.

When the STEP sub-node is active, the foll owi ng nessages may be di spl ayed:

STEP SIG OK I DLE - The AGC input indicates that a satellite signal is present
and the controller is waiting to perform another peaking operation

STEP SI G OK PEAKI NG - The antenna is currently being jogged to find the azinuth
and el evation position which corresponds to the nmaxinmum recei ved signha
strength.

STEP NO SIG IDLE - The AGC input indicates that a satellite signal is not
present (the AGC | evel is below the appropriate threshold |evel). The
controller will wait approxinmately 5 mnutes for the AGC to return before
activating the SEARCH sub- node.



In the PROGRAM sub-node, the controller periodically adjusts the antenna
position, shown as REPCSI TION on the display, based on the user input for MAX
TRACK ERROR. Snml |l er values for this input correspond to nore frequent noves
(and nore wear on the jacks/nmotors) while |larger values nmay cause perceptible
pi cture degradation. For consuner quality nounts/actuators, a good initia
value of 10 is recomended. 1In any event, nmintaining good nount/actuator

tol erances and m nim zi ng conponent | ooseness is necessary for good tracking
per f or mance.



When t he PROGRAM sub-node is active the foll owi ng nessages may be di spl ayed:

PROGRAM | DLE - The PROGRAM track sub-npde is active. The controller is waiting
to reposition the antenna.

PROGRAM REPCSI TION - The controller has determ ned that the antenna pointing
error is greater than that specified by the max track error paraneter, and is
currently repositioning the antenna to a position derived fromthe track table.

PROGRAM PEAKI NG - The controller is perfornming a step track operation to either
check the accuracy of or update a track table entry.

5.4 TRAK - MENU .c.:5. 4 TRAK - MENU ;

The RC2000B all ows the user access to key data while in SEARCH | DLE, STEP |DLE
or PROGRAM I DLE states. By pressing the O key when |IDLE is displayed, the
following menu is presented to the user.

1. VIEW 2. MODI FY 3. XXXXXX: _ MENU TRAK K
SAT NAME ENTER TO EXI T

Pressing 1, followed by ENTER, yields the follow ng screen of data.

™™ AZ, EL TTTTT AAAAA EEEEE MENU TRAK K

SAT NAME SCROLL “v, ENTER TO EXI T
\Wher e
TTTTT is the sidereal tine in seconds
AAAAA is the azinuth scale factor in counts per radian
and EEEEE is the elevation scale factor in counts per radian

Subsequent toggles on the SCROLL UP/ DOMWN keys display the follow ng information
fromthe track data table.

Il TTTTT AAAAA EEEEE F MENU TRAK K

SAT NAME SCROLL “v, ENTER TO EXI T

\Wher e
Il is the entry index, 0-47
TTTTT is the sidereal tine in seconds for the entry
AAAAA is the azimuth position
EEEEE is the elevation position

and F denotes the state of the update flag. '.' indicates

that the update flag is set, a blank indicates that the update flag is reset.



After the 47th entry has been displayed, the first screen will appear again and
the entire process will repeat. To exit this option, press ENTER to return to
the MENU screen.

Pressing the 2 key, followed by ENTER, produces the follow ng MODI FY screen.

UPDATE CHECK 0-999 HRS: 72 MENU TRAK K
SAT NAME SCROLL “v, ENTER TO EXI T

There are 8 data items that the user is allowed to nodify with this option
Each is successively accessed by pressing the SCROLL UP/ DN keys and advanci ng
through the list. Each entry is explained in Table 1

TABLE 1
Entry Nanme Range Description
UPDATE CHECK 0-999 HRS The period of tine between track table

basepoi nt update checks.

SEARCH RETRY 0-999 M NS The period of tine between successi ve SEARCH
attenpts when no signal is present and PROGRAM track is not valid.

BAND: C, K 1 or 2 For dual band inclined orbit
satellites, this pronpt allows the user to change the frequency band. Note that
the current band is displayed in the upper right hand corner of the LCD

CLEAR TRACK 0 or 1 Press 1 to clear the track table
entries or O to leave as is. Be careful with this one!

RESET UPDATE 0or 1 Press 1 to clear the UPDATE flags for
the track data, 0 to | eave set.

FORCE UPDATE 0 or 1 Press 1 to set UPDATE flags, O to
| eave set. (Opposite function of RESET UPDATE.)

MAX ERROR 1-30 Specifies the maxi numtracking error in
tenths of a dB. Recommend nom nal value of 10 for consunmer nounts.

SEARCH FACTOR 1-10 Specifies a normalized scaling factor that
i ncreases or decreases the width of the search wi ndow. Values greater than 5
increase it, less than 5 decrease it. Recomend 4 as nomi nal val ue

To exit this option, press ENTER any tine to return to the MENU screen.
The value in the third field of the nmenu screen, denoted XXXXXX in the exanple,

can take on either of three actions, depending on the particular sub-state the
controller is in. This is described in Table 2.



TABLE 2

Sub- nmode XXXXXX Action

STEP REPEAK Causes the controller to i nmmediately repeak
t he ant enna.

SEARCH SEARCH Causes the controller to initiate another
sear ch.

PROGRAM . ALl GN W1l cause the controller to

reposition the antenna per the current basepoint val ues.

Initiating any of the three possibilities here will abort the MENU screen and
return control to the TRAK node. It should be pointed out that all TRAK
functions are halted while in MENU nobde. For this reason, it is not adviseable
to |l eave the RC2000B in this node for an extended tinme period.

5.5 LIMTS Mde.c.:5.5 LIM TS Mode;
Whenever the limts have been corrupted, the systemw ||l come up in LIMTS node,
forcing the user to re-enter the LIMTS before using the controller. 1In this

node the user can jog the antenna in any direction, set the limts, and adjust
the pol arization. The entry point screen for LIMTS node is shown bel ow.

SET EAST/ WEST AND- OR UP/ DOVWN LI M TS
H T ANY KEY TO CONTI NUE

NOTE: To set limts, there MJUST be sonmeone outside at the antenna | ocation to

| et the programmer know when the antenna has reached its physical limts of
travel, because in LIMTS node no software precautions are taken. It is
critical that as the antenna is jogged using the direction keys, the antenna
noves in the corresponding direction. If it does not, pins on J2 are reversed.
Recheck Figure 3.1 and correct.

khkkkkhkhkkkhkhkkkhkhkkkkxk*k \/\ARNI NG khkkkkhkhkkkhkhkkkkhkkkkx

THERE ARE NO RESTRI CTI ONS ON ANTENNA MOVEMENT
WHEN IN THE LIM TS MODE - USE CAUTI ON

SRR S I S I S R S I I R S I R S R

1. G to LIMTS node and press ENTER. The screen will pronpt for the East
limt for azinmuth and the Down |imt for elevation. The EAST limt nust be set
before the WEST |imt, and the DOWN |imt nust be set before the UP limt.

AZ: 5000 EL: 5000 SS1, 2: 2, 1 LIMTS
7 - SET EAST LIMT 9 - SET DOWN LIM T

2. Wth an assistant at the antenna to notify you that the antenna is near
its physical Iimt, nove the antenna to the EAST |limit and press the 7 key. The
AZ count will reset to 30.



3. Repeat step 2, but with the WEST linmit this time. Upon pressing the 7
key, the controller will ask the user to be sure of the selection. |If limts
are indeed to be set, press the BKSP key, else press ENTER. The controller will
confirma limt set with * AZIMLIMTS SET *. Position the antenna on a
satellite near the center of the arc.

4, Move the antenna to the DOMN limit, again with an assistant to nonitor the
physical limt, and press 9 to set the limt. The counter will be reset to 30
5. Move the antenna to the UP limit, press 9, then BKSP to confirmthe

sel ection.

NOTE: If LIMTS node is exited before both endpoints of a limt are set, the

RC2000B wi Il ignore the partial limts and retain the previous values. |[If the
controller powers down while LIMTS node is active, all limt data may be | ost.
5.6 SETUP Mode.c.:5.6 SETUP Mbde;
POSI TI ON ANTENNA, SELECT SETUP

SATELLI TE USI NG SCROLL UP/ DOWN, HI T ENTER

SETUP node all ows the user to jog the antenna and enter a satellite nane,
position, and polarization settings into nmenory. Once this information has been
stored, the satellite name will appear in the list available in AUTO node. The
maxi mum numrber of stored satellite names is fifty (50). The di splay screen
lists the SAT location the user is currently at (if a satellite is currently
stored at this location) and allows the user to SELECT froma |ist of available
satellite nanes. The display also informs the user of the current AZ, EL, and
POL positions, AGC signal strength level, as well as the HV and speed

desi gnati ons.

Store all geostationary satellites first before storing any inclined orbit
satellites. The RC2000B uses information derived fromfixed satellites to
predi ct certain paranmeters associated with the mount. For this reason, at |east
two fixed satellites, separated by a m ni mum of 20, nust be stored in menory
before inclined satellites can be saved.

AZ: 1292 EL: 10 PL: 66 H SS:612 SETUP
SAT: SELECT: SBS 2 FAST

To store geostationary satellites, use the follow ng procedure. For storing
inclined orbit satellites, please refer to section 4.4.3.

1. Proceed to SETUP node, and nove the antenna to the easternnpst satellite
position you wish to program by pressing the appropriate direction keys. Use
the SS indication to optim ze the pointing accuracy of the antenna.

2. The satellite nanes will display in the order of their position in the
arc, east to west. The predefined list of satellite names can be found at the
end of this section. Scroll through the entries if the satellite you wish to
programis included on the appropriate list. |If the satellite nane is not

i ncluded on the list, proceed to 3b to enter a user-defined name into nenory.



3a. Press ENTER to assign the nanme to this position. |If the nane has al ready
been assigned to another position in nmenory, the systemw || pronpt you for a
confirmati on before overriding this prior assignment.

4, The systemwi || pronpt the user to answer yes or no if this is an inclined
orbit satellite. Since this section of the SETUP deals with geostationary
satellites, answer NO

5. The systemwi ||l now pronpt for entry of the longitude of this particular
satellite, as well as an E/Wdesignation. Enter a new value or select the
default if it is correct by pressing ENTER

6. The screen will now pronpt for entry of polarization values. For the
first satellite being programmed, the user MJST designate both an H and a V

pol ari zation. Use the CWand CCW keys to adjust the polarization, and press the
H or V key to designate the polarization being set. The systemw |l issue an
acknow edgenent of the selection, and pronpt for the second pol arization. The
systemw || acknow edge with a "DATA ACCEPTED' nessage after these inputs are
set.

On subsequent pol arization assignnments, the follow ng screen will appear

SELECT SPACENET 2 H V POL DATA? SETUP
1-H V DATA FROM NEAREST SAT, 2- USER ENTRY

The systemwi ||l ask the user whether to assign the HV data fromthe nearest
satellite (typically the last entry), or whether new data will be entered.

7. The systemw Il remain in SETUP node, returning to the |ast nane assigned.
In this way, if all satellites are programmed in the order of their position in
the arc fromeast to west, finding and assigning names is sinplified. The user
can then jog to the next satellite to be programed, and follow the sane
procedure to assign the name and enter the longitudinal position. The system
will then pronpt for new H & V values, and if none are entered, will assign the
same H & V pol fromthe nearest programed satellite

LR R R R R R R R R I R I R

3b. If the satellite nane is not in nmenory, you can assign a new nane of up to
ten (10) al phanuneric characters (A-Z, 0-9, or space) by accessing the USER
entry node as foll ows.

a. SCROLL DOWN until USER is shown as the satellite nane.
b. Press ENTER - a star pronmpt (*) will appear in the first space.
c. To enter a letter, SCROLL UP through the al phabet.

To enter a nunber, SCROLL DOWN t hrough nunbers.

To enter a space, SCROLL UP once, then DOWN once.

(Letters and nunbers are on a continuous scroll, so if you pass the
desired value, sinmply back up by pushing the opposite key.)

d. When you reach the desired letter, number, or space, press ENTER



e. The star (*) will pronpt for second character - repeat entry.

f. VWhen the nanme has been entered, press ENTER while at the star (*) to
continue with the SETUP procedure.

Return to step 4.



TO SAVE AN | NCLI NED ORBI T SATELLI TE

The procedure for an inclined orbit satellite is simlar to that for a
geostationary satellite. In addition to the data which nust be supplied for a
geostationary satellite, the user nust also specify the satellite's frequency
band (either C, K, or both for dual band satellites), and the inclination of the
satellite's orbital plane to the earth's equatorial plane. See Sections 4.1 and
3.3.4. After the satellite's polarization has been entered, the user is
pronpted to select the initial track polarization. At this point the user
shoul d tune the receiver to a transponder which will be active for as long as
possi bl e, and sel ect the polarization appropriate for that transponder. The
controller will then switch to track node and display the screen shown bel ow.

AZ: 1246 EL: -36 PL: 72 V SS: 736 TRAK K
SBS 2 I NI TIALI ZI NG - PLEASE WAI' T

The RC2000B begins an initialization process THAT CANNOT BE | NTERRUPTED unt i
the PLEASE WAI T nessage di sappears. This process takes about one mnute and is
necessary to establish track data associated with this satellite. DO NOT

| NTERRUPT THI S PROCESS OR ALL DATA WLL BE LOST WTH REGARD TO THI S SATELLI TE

After initialization is conplete, the RC2000B will switch to the TRACK node STEP

sub-nmode. In this sub-nmode the controller will track the satellite by jogging
the antenna periodically to peak up the antenna. The track table is also
conpiled in the STEP sub-node. |If the user wishes to programin additiona

satellites, he or she may exit TRACK node (by use of the MODE KEY) and activate
SETUP node.
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5.7 RESET Mode.c.:5.7 RESET Mode;

AZ: K 0 EL: 0 RESET
1 - RESET AZ, 2 - RESET EL, MODE - EXIT

The RESET node is used to display drive fault conditions and re-enable the drive
outputs in the event the microcontroller shuts an axis down. The nessages that
can be displayed are expl ai ned below. (Each axis is separately controlled.)

The nunber followi ng the status nmessage is the status code - see the

troubl eshooting guide in Chapter 7 for the key to the status code displayed.

K : Normal state - drive is enabled for operation.

JAMVED . Drive was shut down due to the absence of position counts during
drive activation. Possibly a bad sensor or antenna is stuck

RUNAVWAY : Drive was de-activited because the processor sensed novenent when
drive was supposed to be inactive. The probable cause - an errant position
pul se was recorded - possibly a damaged MOSFET.

DRI VE . Axis was de-activited due to an overload condition. Either the
output lines shorted or the drive current is in excess of 8 anps.

LIMT . The processor sensed the antenna was noving through the limt and
shut the drive down.

Pressing 1 will reset the azinmuth, and pressing 2 will reset the elevation
In addition to processor shutdown capability, the RC2000B drive supply is
protected by a circuit breaker, |located on the back panel. This breaker is

i ndependent of conputer generated error checking. Should the output current
become excessive, this breaker may trip, and an antenna jammed condition will

general |y occur. Reset this breaker by pressing it in until it snaps into
pl ace. Check to nake sure the status is OK via the RESET node.

5.8 DELETE Mode.c.:5.8 DELETE Mbde;

SELECT A SATELLI TE: PANAMSAT- 1 DELETE

USE SCROLL UP/ DOAN, ENTER TO SELECT

This nmode is used to delete a satellite entry.
1. Proceed to DELETE node.

2. Scrol |l through the ASSIGNED satellite nanes.



3. VWhen the desired satellite nane is shown, press ENTER. The systemwil|l
di spl ay the nessage

A SAT DATA DELETI ON HAS BEEN REQUESTED
BKSP TO CONFIRM ANY OTHER KEY TO EXIT

Pressing BKSP wil|l autonmatically delete this satellite from menory.

5.9 RE- SYNC Mode.c.:5.9 RE- SYNC Mode;

SELECT A SATELLI TE: PANAMSAT-1 RE- SYNC
USE SCROLL UP/ DOWN, ENTER TO SELECT

The RE- SYNC feature allows the controller to make a graceful recovery from
sensor failure or in the unlikely event of an errant pulse count. By using this
feature, the user sinply has to correct for one satellite |ocation, and the
RC2000B autommtically will correct all others.

1. While in MANUAL node, peak the antenna on a satellite whose | ocation was
previously stored in nenory.

2. Proceed t o RE- SYNC npde.

3. Scroll through the list of assigned satellites (in al phabetical order)
until the correct satellite nane is displayed.

4, Press the ENTER key. The systemw || respond with the nessage

AN AZ/ EL RE- SYNC HAS BEEN REQUESTED
BKSP TO CONFI RM ANY OTHER KEY TO EXI T

5. Press BKSP to recalibrate all stored satellite locations. The systemwl|
confirmw th the nmessage

RE- SYNC ACCOWPLI SHED

and will return to MANUAL node.
6. Wth an assistant out at the antenna, validate the accuracy of the linmts

by nmoving the antenna to all four val ues.

NOTE: RE- SYNC CANNOT BE PERFORMED ON AN | NCLI NED ORBI T SATELLI TE! THE
REFERENCE USED MUST BE A GEOSTATI ONARY ( FI XED) SATELLI TE.



5.10 CONFI G Mbde. c.:5.10 CONFI G Mbde;

The CONFI G npde allows the user to view and/or nodify various controller
paraneters and to enable or disable certain features. Wen this node is active,
the SCROLL UP and SCROLL DOWN keys nmay be used to select various itens for
either viewing or nodification. To change the value of a paraneter the user can
simply key in a new value. The BKSP (backspace) KEY is active. |If a new value
is keyed in, for the change to take effect and update the paraneter's value in
the controller's non-volatile nmenory, the entry nust be termnated with the
ENTER key. If the present value of the paraneter is invalid, '*' characters
will be displayed in the itenis data field. |If the user termnates a data entry
with the ENTER key and the value is accepted, the next CONFIG node itemw || be
di splayed. |If the user term nates a data entry with the ENTER key and the data
is not accepted, the CONFIG node itemw |l not change. The MODE key can be
depressed at any time to exit CONFI G node.

AUTO- POL OPTI ONS. c. : : AUTO- POL OPTI ONS

AUTOPCL ENABLE: * CONFI G
0- DI SABLE, 1-ENABLE ENT, BKSP, SCRLL “v

Upon entering the CONFI G node, the user is pronpted to enable or disable the

Aut opol feature. This feature slaves the RC2000B pol ari zation toggle to an
externally generated signal, normally provided by a comercial receiver. Wth
this nmode enabl ed, the RC2000B will change the antenna's receive polarity as the
controlling receiver's channel index is advanced. Enter a zero (0) to disable
the feature, and a one (1) to enable it. For consuner applications, disabling
Aut opol is recommended.

AUTOPOL VPOL LEVEL: * CONFI G
0-LOW 1-H GH ENT, BKSP, SCRLL ~v
If the user chooses to enable Autopol, it is also necessary to designate whet her

the vertical polarization coincides with a high |evel (exanple: 12V) or | ow
level (OV). Entering O corresponds to the low level, and 1 to a high |evel.

NOTE: When this feature is ON, the CWCCWand the polarization HV keys are
di sabl ed in MANUAL node. The system denotes this feature is enabl ed by changi ng
the display readout for polarization fromPL: to PLR on the nmanual npde screen

SI MULTANEQUS AZ/ EL ENABLE. c. :: SI MULTANEOQUS AZ/ EL ENABLE

S| MULTANEQUS AZ/ EL ENABLE: * CONFI G
0- DI SABLE, 1- ENABLE ENT, BKSP, SCRLL "v

The second feature that can be enabled in this node is the sinultaneous AZ/ EL
nmovenment. The default antenna positioning is azimuth first, then el evation
then fine-positioning azinmuth. By enabling simnultaneous novenent, the
controller will nove the antenna al ong both axis at the same time, mnimzing



the nove time. When the antenna is close to the target azimuth and el evation
the systemw || pause, then fine-tune the azinuth, then fine-tune the el evation
The drive systemw ||l stop between each of these noves to allow the antenna to
stabilize. The operator should be alert to this sequence to avoid hastily
pressing a key which would stop the nove prematurely.

To enabl e sinul taneous nmovenent, enter a 1. Entering a O will disable the
feature.

NOTE: If the total current draw from both notors exceeds 8 anps, it is not
possible to utilize this feature. Trying to enable it in this case will cause a
breaker to open, which will disable the drive and generate an antenna jamred
error.

TI ME/ DATE SETTI NGS. c. : : TI ME/ DATE SETTI NGS;

ENTER TIME (HH. MM SS): 08. 46. 00 CONFI G
USE 0-9 OR . ENT, BKSP, SCRLL “v

The real -tinme clock nust be set to establish a time reference for all tracking
data stored in the controller. Enter the local tinme using the 0-9 keys and the
key to separate the hours, mnutes, and seconds fields. Each field nust have

two digits entered; i.e., 8 must be entered as 08 or the unit will not accept
the entry. The tine cannot be changed for daylight-savings tine purposes once
valid track data is stored or the unit will not function properly.

ENTER DATE (MM DD. YY) :07.03. 92 CONFI G
USE 0-9 OR . ENT, BKSP, SCRLL "v

Enter the current data in the format shown. Again, use the 0-9 keys to enter
the nonth, day, and year fields, and use the . key to separate fields. Single
digit fields nmust be entered with a 0 preceeding, as shown in the exanple for
07.03. 92.

AGC SETTI NGS. c. : : AGC SETTI NGS;

AGC POLARITY FLAG 1 CONFI G
0- NEGATI VE 1- PCSI TI VE ENT, BKSP, SCRLL *v

This entry tells the controller what the sense is on the i nput AGC voltage used
for tracking. A positive sense is defined as one that increases in magnitude as
the RF signal strength increases. |If the AGC voltage decreases as the RF signa
i ncreases, its sense is considered negative. Enter the appropriate val ue,
either 0 or 1, followed by ENTER to key in the val ue.

AGC C BAND THRESHOLD: 125 CONFI G
0 - 999 ENT, BKSP, SCRLL *v



VWhen the receiver is tuned to a C band satellite and the signal strength is
above the AGC C BAND THRESHOLD value, it is assuned that a satellite signal is
present. The sanme threshold is applied to both AGC channels.

AGC K BAND THRESHOLD: 150 CONFI G
0 - 999 ENT, BKSP, SCRLL "v

This is simlar to the C band threshol d descri bed above, except it pertains to
Ku band. |f the signal strength is above the AGC K BAND THRESHOLD val ue when
the receiver is tuned to a Ku band satellite, the controller assunes that a
satellite signal is present.

These AGC paraneters are critical to the proper operation of the controller when
tracking inclined orbit satellites. Refer to section 4.4.1.

.C.i;

ANTENNA PARAMETERS

ANTENNA LATI TUDE LL.L: 38.9 N CONFI G
TENTHS AFTER DEC. PT ENT, BKSP, SCRLL “v

ANTENNA LONG TUDE LLL.L: 97.5 W CONFI G
TENTHS AFTER DEC. PT ENT, BKSP, SCRLL "v

The antenna/downlink location is necessary for the satellite track path
prediction algorithm The format for these entries is degrees.tenths of degrees
(as opposed to degrees.mnutes as on a map). A conversion table frommnm nutes to
tenths of degrees is shown bel ow.

M nut es Tenth of Degrees
6 .1
12
18
24
30
36
42
48
54

O©CoO~NOORWN

After entering the latitude/longitude using the 0-9 and . keys, press ENTER

The RC2000B will pronpt for the appropriate direction terminator, E/ Wfor

| ongitude, NS for latitude. Enter the correct value using 2-North, 8-South, 4-
East, or 6-West.

ANTENNA SI ZE (40 - 700): 366 CONFI G
CENTI METERS ENT, BKSP, SCRLL "v

The antenna size is used to cal culate various paraneters associated with TRAK
node and is entered in this screen. The size is specified in centineters, and
the following table Iists some common sizes.

Di ameter in Feet Met er s RC2000B | nput



5.9 1.8 180
8.0 2.44 244
10.0 3.05 305
12.0 3. 66 366
15.0 4.57 457
20.0 6.1 610
23.0 7.0 700

Use the 0-9 keys followed by ENTER to input the antenna di aneter.
MAX TRACK ERROR. c. :: MAX TRACK ERROR

MAX TRACK ERROR( 1-30):10 CONFI G
IN TENTHS OF A dB ENT, BKSP, SCRLL "v

The MAX TRACK ERROR, given in tenths of a dB, is used to define the step size of
antenna nmovenent during STEP TRACK peaki ng and duri ng PROGRAM TRACK nopde.
Because of this, care nust be taken not to specify too tight of an error (value
| ess than 10) for nounts/actuators with excessive endplay or slop. A sign of
this problemw Il be the display of the PEAK LIMT error that can occur in TRAK
nmode. Shoul d this happen, adjust the MAX TRACK ERROR to a higher value. See
section 4.2 and 4.3 for nore information.

AZI M SEARCH SCALE FACTOR. c. :: AZI M SEARCH SCALE FACTOR

AZI M SEARCH SCALE FACTOR: 3 CONFI G
1-10 NOM NAL = 3 ENT, BKSP, SCRLL “v

This scale factor affects the width of the search wi ndow, in the polar plane,
used during the SEARCH operation. A value of 5 allows the antenna to search
over a nonmnal +/-1.8 degree path. |If problens arise with | ocking onto adjacent
satellites during SEARCH node, try decreasing this value to 1 or 2, or use a

| arger antenna. See section 4. 2.

SLOW SPEED SETTI NGS. c. : : SLOW SPEED SETTI NGS;

AZI M SLOW SPEED 0- 254: 150 CONFI G
ENT, BKSP, SCRLL “v

ELEV SLOW SPEED 0-254: 150 CONFI G
ENT, BKSP, SCRLL *v

The Adapti-Drivetm systemallows the user to specify a slow speed code for each
axis and then will maintain a consistent speed through the inplenentation of a
digital servo loop. The range on the slow speed code is 0-254, with 254

equating to full speed and O essentially stopped. Please refer to section 3.4
for the procedure used to determ ne the azinuth and el evati on sl ow speed codes.

AZI MUTH AND ELEVATI ON ANGLE DI SPLAY. c.:: AZI MUTH AND ELEVATI ON ANGLE DI SPLAY



The RC2000B has the ability to display azinmuth and el evation position in an
angle format. This feature can greatly facility the process of |ocating
satellites for systems which use an el evation over azimnmuth type antenna nount.
Pl ease see section 3.6 for nore informati on on how to enable and calibrate this
feature.

Briefly, to calibrate the angle display feature, the user |ocates two satellites
and records their azimuth and el evation position count values. The scale.exe PC
program (for IBM conpatibles - in the back of this manual) is then used to

cal cul ate azimuth and el evation scale factors which are entered into the
controller via the CONFIG node itens described in this section. The scale.exe
program pronpts for the antenna | atitude and |ongitude, and the |ongitude,

azi muth position count, and el evation position count values for a pair of
satellites which have been |ocated with the controller

When the Angle Display Enable CONFIG node itemis set to 1 (enabled), azinuth
and el evation positions are displayed in an angle fornmat using the other itens
described in this section.

ANGLE DI SPLAY ENABLE: 0 CONFI G
0- DI SABLE, 1-ENABLE ENT, BKSP, SCRLL “v

The Azim Scal e Factor and Azim Offset itens are used to calibrate the display of
azimuth position according to the follow ng fornul a:

Di spl ay_Angle = 180.0 +

((10 * (AzimPosition_Cnt - Azim O fset)) / Azim Scal e_Factor)
(Northern Hem sphere)

Di spl ay_Angle = 360.0 -

((10 * (AzimPosition Cnt - Azim Offset)) / Azim Scal e_Factor)

(Sout hern Hem sphere - Note the displayed angle is adjusted by adding or
subtracting 360.0 so that the result is in the range of O to 360.0 degrees. )

AZI M SCALE FACTOR: 1 CONFI G
ENT, BKSP, SCRLL “v

AZI M OFFSET: 0 CONFI G
ENT, BKSP, SCRLL "v

The El ev Scal e Factor and Elev Offset itens are used to calibrate the display of
el evation position according to the follow ng fornul a:

Di spl ay_Angle = (10 * (Elev_Position_Cnt + Elev_Offset)) / Elev_Scal e_Factor

ELEV SCALE FACTOR: 1 CONFI G
ENT, BKSP, SCRLL "v

ELEV OFFSET: 0 CONFI G
ENT, BKSP, SCRLL *v

RESET SYSTEM DATA. c. : : RESET SYSTEM DATA,



RESET SYSTEM DATA: 0 CONFI G
ENTER CODE ENT, BKSP, SCRLL “v

The RESET SYSTEM DATA option is generally reserved as a neans to clear test data
fromthe controller by factory personnel. After prelimnary testing, alignment,
and burn-in, the units' nenory is cleared by entering the code of 41758.

Caution nmust be exercised before using this feature in the field, in that all
data will be lost if it is used, and conplete re-progranmng will be necessary!
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Chapter 6 SPECI FI CATI ONS. c. Chapter 6 SPECI FI CATI ONS;

I nspect unit for any damage caused during shipping. |If any exists, notify

shi pper i mredi ately.

A

F

PHYSI CAL
Si ze: 19.0" x 3.5"H x 9.0"D (Rack)
15.0"Wx 3.5"H x 9.0"D (Desk)
Wei ght : 12.5 | bs.
Tenper at ure: 0-500C
| nput Power: 115/ 230 VAC, 50/60 Hz., 48 W
DRI VE
Cut put : 12-36VDC, 8.0 Anps
280VA
Sensor | nput: Reed, Hall Effect, Optica
Pol ari zati on: Standard Pol arotortm I nterface
TRACK MODE
Ant enna Si ze: 0.4 - 7.0 neters
Tracki ng Accuracy: Mount Dependent
0.1 - 3.0 dB, selectable
Maxi mum | ncl i nati on: +/- 10 deg., standard
Tracki ng Modes: Intelli-Searchtm Step Track, Program Track
AGC | nput Range: 0-6.0 VDC
AGC | nput | npedance: 2M ohm
AGC | nputs: 2
Inclined Satellites: 5 Max.

Drive Transfer Function
See Figure Al in AppendiXx.
Non- Vol atile Menory Battery

Dur acel | DL2450

AC input and drive supply lines are protected by circuit breakers.

are no user replaceable fuses in this unit.

There
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Chapter 7 TROUBLESHOOTI NG ERROR CODES. c. Chapter 7 TROUBLESHOOTI NG ERROR
CODES;

The al arm system nonitors inportant system paraneters and flashes a nessage on
the bottomline of the LCD display if an error is found. The paraneters

noni tored i nclude the condition of the lithiumbattery, status of the azinmuth
and el evation antenna drive systens, and the values of certain variables. Sone
error codes have priority over others. Alarmconditions are sanpl ed
sequentially, with the highest priority sanpled first. As corrective action is
taken for each error, the code is elimnated, and if there is a |l esser error, it
will then appear. The error codes can be categorized as systemor track node
related, and following is a description of each one and the corrective action
prescri bed.

. SYSTEM ERROR CODES. c.:|. SYSTEM ERROR CODES;

LOW BATTERY. c. : : LOW BATTERY

The RC2000B constantly nonitors the level of the lithiumbattery. Wen the

power level is low, this error code will appear. Replace the battery with a
Duracel | DL2450. Take care to hold the battery tab away fromthe battery
housi ng while replacing the battery, and it will not be necessary to reprogram

the menory.

AZIM LIM TS CORRUPTED & ELEV LIM TS CORRUPTED. c.:: AZIM LIMTS CORRUPTED & ELEV
LIM TS CORRUPTED,;

One of the antenna software limts has been corrupted. Go into LIMTS node and
reset the software linits. See Section 5.5.

AZI M COUNT CORRUPTED & ELEV COUNT CORRUPTED. c. :: AZI M COUNT CORRUPTED & ELEV
COUNT CORRUPTED

The internal position count has been corrupted. Manually find a satellite and
go into RE-SYNC npde to update positions. See Section 5.9.

ANTENNA AZI M ERROR & ANTENNA ELEV ERROR. c.:: ANTENNA AZI M ERROR & ANTENNA ELEV
ERROR

This error code will appear when one of four conditions occurs: a runaway
antenna, a jammed antenna, the drive circuitry has detected an overcurrent, or a
l[imt violation occurred. Go to RESET nopde to deternine which condition
occurred, renmedy the condition, and Reset the controller. See Section 5.7.

A Reset node JAMMED i ndication may nmean that the drive breaker "broke". This

can occur if sinmultaneous novenent is enabled, and the total current draw from
both notors exceeds 8 anps. Reset the breaker by pressing it back into place,
and di sabl e Si nul taneous AZ/ EL npvenent. See Section 5.10.

AZI M SLOW SPEED CODE CORRUPTED/ ELEV SLOW SPEED CODE CORRUPTED. c. :: AZI M SLOW
SPEED CODE CORRUPTED/ ELEV SLOW SPEED CODE CORRUPTED



The code entered by the user for the azinuth or el evation slow speed has been
corrupted. Go to the correspondi ng speed nmode and reenter the slow speed code.
See Section 5.10.

AUTOPCL CONFI G DATA CORRUPTED. c. : : AUTOPOL CONFI G DATA CORRUPTED;

The user has the option to configure the systemfor Autopol ON or OFF, and to
denote a Hl or LO level for the vertical polarization. |f either of these
values is corrupted, this error will appear. Go to CONFI G node and reenter the
correct values. See Section 5.10.



SI MULTANEQUS AZI M ELEV CONFI G CORRUPTED. c. : : SI MULTANEQUS AZI M ELEV CONFI G
CORRUPTED;

The user has the option to enabl e/ di sable the sinmultaneous AZ/ EL novenent of the
antenna. If this value is corrupted, this error code will appear. Go to CONFI G
node and reenter the correct value. See Section 5.10.

.C. TRACK CONFI G ERROR. C.::.cC.:: TRACK CONFI G ERROR;

This error indicates an invalid entry in nenory for at | east one of the
foll owi ng pi eces of data:

Vari abl e Range
1. MAX TRACK ERROR (1-30)
2. AZI M SEARCH SCALE FACTOR (1-10)

Proceed to the CONFI G nbde and correct all entries that are either out of range
or incorrect for the systemused. Section 5.10

ANT/ RCVR CONFI G ERROR. c. : : ANT/ RCVR CONFI G ERROR;

This error indicates an invalid entry in nmenory for at | east one of the
foll owi ng pi eces of data:

Vari abl e Range

1. AGC POLARI TY FLAG (0 or 1)

2. AGC C BAND THRESHOLD (0-999)

3. AGC K BAND THRESHOLD (0-999)

4. ANTENNA S| ZE: CENTI METERS (40-700)

5. ANTENNA LATI TUDE (0-90, Nor S)
6. ANTENNA LONG TUDE (0-180, Eor W

Proceed to the CONFI G nbde and correct all incorrect or out of range entries.

Section 5.10
TI ME/ DATE ERROR. c. : : Tl ME/ DATE ERROR;

An error of this type indicates the system clock has not been set or has been
corrupted. It is also possible that the lithiumbattery used to power the non-
volatile memory is too low to keep the clock running, although the LOW BATTERY
al arm shoul d be flashing if this is the case.

Proceed to the CONFI G node and enter the proper tinme in HH MM SS format, and
then advance one screen to enter the proper date in MM DD. YY fornmat. Section
5.10

ANGLE DI SPLAY ERROR. c.:: ANGLE DI SPLAY ERROR,

This alarmindicates that the CONFI G node itens associated with the di splay of
azimuth and el evation position in an angle format have been corrupted. Check
the Angl e Display Enable, Azim Scale Factor, Azim O fset, Elev Scale Factor, and
Elev Offset CONFI G node itenmns.



1. TRACK MODE ERRORS.c.:l1. TRACK MODE ERRCRS;

Shoul d one of the followi ng errors occur during TRAK operation, the controller
will display an error nessage mi d-position of the second row on the display.
Al so, all tracking operations will halt until the error is corrected.

JAMMVED. c. : . JAMVED,

If the controller does not sense feedback/position pulses fromthe reed or hall-
ef fect sensor while it asserts the drive lines, it will halt the drive signals
and di splay the JAMMED nessage. Check to meke sure the drive circuit breaker
has not tripped, or node to RESET and reset the axis that was shut down.

Section 5.9

LIMT.c.::LIMT,;

The controller encountered an azinmuth or elevation limt during a track nmovenent
operation. This represents a serious error because it neans the limts have to
be changed to allow tracking of this satellite, and all position values wll
beconme invalid when the linits are noved. Be sure to set the limts w de enough
to allow anple tracking over the entire range.

DRI VE. c. : : DRI VE

This error indicates a runaway or unexpected count input on the sensor |ines.
The controller will shut down the drive experiencing this error, and will have
to be reset in RESET node. Section 5.9

PEAK LIMT.c.:: PEAK LIMT,;

This error signifies to the user that the peaking window lint was encountered
while the controller was inplenenting a peaking operation; either in STEP npde
or while updating a base point in the track table. The cause for this error is
typically excessive play in the nmount/actuator systemor a MAX TRACK ERROR t hat
is too low for a particular antenna. Try increasing the MAX TRACK ERROR, in
CONFI G npde, Section 5.10, or replace the actuator to renove excessive nount

pl ay.
SCALE FACTOR. c.:: SCALE FACTOR

The controller automatically conputes azinuth and el evation scale factors, in
counts per radian, fromdata derived fromfixed satellites stored in nmenory.
This error indicates that either the nenory has becone corrupted, or the
controller could not conpute the scale factor fromthe satellites stored. For a
valid conputation to occur, the controller must find two fixed satellites in
menory that are spaced greater than 2 degrees. |If two fixed satellites are not
stored that satisfy this criterion, proceed to SETUP node and add satellites to
menory that will satisfy this condition. Section 5.6

SYSTEM c. : : SYSTEM

Systemerrors were sunmarized in the previous |list of SYSTEM ERRORS. Mde to
MANUAL and note which error is displayed. Take the appropriate action as
described in the SYSTEM ERRORS section

CHECKSUM c. : : CHECKSUM



This error indicates the nmenory in the satellites' track table or header has
been corrupted. The only way to correct this error is to re-initialize the
satellite by re-storing it in SETUP node. Section 5.6

OPERATI ONAL TROUBLESHOOTI NG TI PS. c. : OPERATI ONAL TROUBLESHOOTI NG TI PS;

SYMPTOM * CAUSE * SCLUTI ON

Drive error fault in fast node * Position pul ses not returning during nove *
Check sensor/cables to make sure of proper operation.

Drive error fault in slow node * Position pulses not returning in tinme during
nove * Increase the SLOW speed code val ue.

Non-vol atile nenory corrupted after power was off * Battery voltage too low to
mai ntain nenory * Replace battery with Duracell DL2450.

DRI VE FAULT ERROR CODES (Reset Mbdde).c.:DRIVE FAULT ERROR CODES (Reset Mbdde);

ERROR DRI VE FAULT DESCRI PTI ON

CODE STATE

0 NONE Normal condition - OK

1 Br ake/ Coast Fault occurs when the drive is in brake or coast

nodes; possible cause is a damaged MOSFET.

2 Configure Fault detected while drive was being configured
for a nove; possible causes include shorted drive wires, danaged MOSFET.

3 Move Fault detected while drive was attenpting to nove
antenna; possible causes include mal functioning sensor or |ocked antenna (JAMVED
message), overload condition (DRI VE nessage), due to excessive sinultaneous

AZ/ EL | oad or greater than 8 anp single axis | oad.
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APPENDI X. c. APPENDI X;

Restoring Non-Volatile Menory

Thi s appendi x outlines a procedure which allows the user to restore the contents
of non-volatile nenory. A nunber of events can nmeke it necessary to restore the
contents of non-volatile nenory, including:

i) changing the battery which powers the non-volatile nmenory and allow ng the
center tab of the battery holder to touch the base of the battery hol der

ii) perform ng maintenance on the controller
iii) swapping one controller out for another, or

iv) upgrading to a newer version of the software which uses a nmenory map
different fromthe original nenmory map.

Here is the procedure ..

1. In manual node, jog the antenna to the west and up limt. Record the
position count value for each axis just before the limt is reached. (If
position display in degrees is enabled, disable that feature before starting
this procedure - this feature is available only for certain software versions).

2. Go to CONFI G nbde and record the value of each CONFIG node item

3. Usi ng AUTO node, position the antenna on each of the geostationary
satellites stored in non-volatile nenory. Record the azinuth and el evati on
positions and the |ongitude val ue of each geostationary satellite. Use the H
and V keys to position the polarotor. Record the H and V positions for each
satellite. (If polarization position display in degrees is enabled, disable
that feature. This feature is available only for certain software versions.)

4. If the RC2KPOL option is installed, nove the polarization to the positions
just within the CWand CCWIlimts. Record these val ues.

5. Move the antenna to the position just before the east and down |linits are
reached. This should correspond to a position count value of 30 for both the
azimuth and el evati on axis.

6. Turn the unit off, unplug the unit fromthe AC power, and perform whatever
mai ntenance is required. |If the EPROMin replaced, be sure to insert the chip
into the socket properly. The notch on the end of the chip should line up with
the notch of the outline silk-screened onto the printed circuit board under the
EPROM socket. When the mai ntenance has been performed, power the unit up. |If
the non-volatile nenory has been corrupted, the unit will either go to LIMTS
node or will flash an error nessage on the bottomline of the display. |If this
occurs, the followi ng steps of this procedure will have to be perforned to
restore the non-volatile nmenory.

7. Go to LIMTS node. W THOUT MOVI NG THE ANTENNA set the down and east
limts. AFTER THE EAST AND DOMWN LI M TS HAVE BEEN SET, jog the antenna to the
positions for the west and up limt recorded in step 1. Set the west and up



limts. After the west and up limits have been set, exit LIMTS node by hitting
t he MODE KEY.

8. If the RC2ZKPOL option (which allows the RC2000A to control a polarization
motor with potentioneter feedback) is installed, go to POL LIMTS node and
restore the polarization limts.

9. Go to CONFI G node and key in the data recorded in step 2 above. Each
entry nmust be termnated with the ENTER key. After the data has been entered
scroll through the CONFI G node itens (using the SCROLL UP and SCROLL DOWMN keys)
and meke sure that the data has been entered correctly.

10. In this step, the positions of the geostationary satellites are stored in
non-vol atile nmenory. Go to SETUP node. Position the antenna on each of the
satellites which were recorded in step 3 above. Select the satellite nane,
enter the satellite |ongitude, and nove the polarotor to the recorded H and V
positions in response to the appropriate SETUP nobde pronpts.

Recovering From Unexpected Menmpry Upsets. c. Recovering From Unexpected Menory
Upset s;

The key to restoring the non-volatile nenory is getting the azinmuth and
elevation limts and position counts right. The position counts are initialized
to 30 when the east and down linits are set. |If the antenna can be

unanbi guously placed at the east and down lints, non-volatile nenory can be
restored quite easily. It is probably a good idea to use a punch or a
wat er proof magi ¢ marker to mark the antenna and nount assenbly so that the east
and down linmit positions can be identified. |In addition, it may useful to
identify and mark other places on the nount where slippage could occur. This
woul d all ow the nmount to be restored to its original configuration

If the contents of non-volatile nmenory are recorded as outlined in steps 1-4
above, recovery from an unexpected nmenory upset can be readily acconplished. |If
the nmenory is corrupted, the antenna can be nmoved (in LIMTS node) to the east
and down linmit with the aid of an assistant stationed at the antenna. Next,
steps 7-9 can be used to restore the contents of non-volatile menory.

Note that the procedure for restoring non-volatile nmenmory only works if the
count characteristics of the actuators are not changed. |f the actuator count
characteristics are changed, the count values that correspond to the west and up
limt will change, as will the positions of all of the satellites.
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REVI SI ON HI STORY

5.25.93 v 1.01

* Original code - derived fromthe RC2000B Pol ar version 1.03 code.

12.5. 95 VvV 1.07

* The default value of the Azi m Search Scal e Factor CONFI G node item was
changed from5 to 3. This will decrease the default search wi dth.

* The east and west satellite |ists were upgraded.

* A slight error in the floating point math routines was corrected. The

error caused the azimuth peakup step size, azinmuth search wi dth, and azinuth
peak limt error windowto be snmaller than they should be.
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