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Important Precautions

This manual is for knowledgeable, qualified personnel able to work safely with
electricity, electronics, and electro-mechanical systems. I# does not try to provide complete
safety information for all circumstances or for all installations and sites.

Installation, operation, and maintenance of this device may involve risks to

users and property, including the device and any interrelated systems. All

procedures are to be carried out by qualified personnel applying common
industry standards, best practices, and due diligence.

Radeus Labs, Inc. shall not be responsible for injury or damage resulting from or
associated with improper use of its hardware or software or from its use by improperly
trained or inexperienced individuals.

All applicable building codes, fire-related regulations, and other required or advisable
safety protocols must be observed at all times.

WARNING

ALWAYS DISCONNECT POWER BEFORE SERVICING

There are electrical shock hazards when installing or
servicing electrical equipment.

There are mechanical
hazards when working around moving parts.

Review and use all proper safety procedures.

In the event of emergency,
be sure all power is disconnected.

About This Document

Documentation for the Series 9000 antenna control system from Radeus Labs, Inc.
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Service and Support

To inquire about support and service options that are beyond the scope of this
document:

Radeus Labs, Inc.
+1 858-391-1210

sales@Radeuslabs.com
www.Radeuslabs.com
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1 Installation

WARNING

Do not attempt to operate this equipment if there is
evidence of shipping damage or you suspect the unit is
damaged.

A Damaged equipment may present additional hazards to you, to other
persons, and to property.

Contact support for advice before attempting to plug in and operate
damaged equipment.

1.1 Connect the ACP

1. Verify that the unit is connected to power.

Figure 1-1 Antenna Control Pannel (ACP) (front)
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2. Turn on the ACP via the power switch on the top panel.
The touchscreen will illuminate when it is ready.

Figure 1-2 Back of the ACP and the power button.
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2 Operation System Overview
2.1.1 System Block Diagram

w—Customer Network

9000 System Network
Tracking Receiver Unit
201 Over Ethernet (TRU)

EtherCAT Drive Network

Inf k Cable

Control/Status Cable

Motor/Encoder Cable

SCU (SYSTEM

CONTROL UNIT) PLC (PROGRAMMABLE LOGIC OPTIONAL AUX MOTOR

CONTROLLER) PANEL DRIVE PANEL

PLCIO| | AukMotor
Nodules Drives 7 Moators

AzMolor €1 Moior PLCIO | |StowMotor
Drive Dive Modues, Drives
OPTIONAL STOW PIN

Customer Network Switch PRIMARY DRIVE UNIT PANEL OPTIONAL DRIVE UNIT PANEL EVERMEL

[ T T
Stow System Interlock
Switehes

Antenna System Interlock

|

M&C, other customer equipment,
Internet

Motors, Brakes and

(limits, e-stops, etc.)

Figure 2-1 System block diagram

2.1.2 Antenna Control Panel (ACP)

The ACP is the primary control interface for the 9000 system. It is a
graphical user interface with a touchscreen and optional keyboard and
mouse. The ACP is provided in a rack mounted configuration for easy
integration into the customer’s control center.

Up to 4 ACP’s may be connected to the system for control and
monitor points at convenient locations on the customer’s network.
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2.1.3 System Control Unit (SCU)

The SCU is the primary control unit in the system running most of the
tracking logic as well as monitor and control of the various control
subsystems.

The SCU has four interfaces that allow an operator to control and
monitor the system:

e ACP — the primary control interface.

® M&C — the interface used for customer monitor and control

applications. SNMP and REST API are supported.
® PMCU — the handheld portable maintenance control unit.

® Web Interface - With software versions after 9k-RC152 the
system can support the use of a web interface that will allow
users to access an ACP like interface from any computer on
the same network.

2.1.4 Antenna Control Unit (ACU)

ACU is a legacy term, there is no single device in the 9000-system
known as the antenna control unit, however, ACU is sometimes still
used to refer to the system as a whole or parts of it.

2.1.5 Drive Unit

The 9000 Series Drive Unit is designed based on modular panels that
can be mounted in a standard control cabinet style or a rack mount
style. A standard Drive Unit contains 3 or more standard panels:

® SCU (System Control Unit) Panel — contains interfaces for
the system wiring, the main system circuit breaker,
contactors for 3-phase power cutoff, Ethernet switches, DC
power supplies and circuit boards.

e PLC (Programmable Logic Controller) Panel — Contains
interfaces for the system wiring, the Pol Motor and Warning
Horn/Light circuit breakers, DC power supply, telays for safety

12 Series 9000™ O&M Manual
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logic, and a PLC with IO modules for controlling the motors
and IO functions.

® Drive Panel 1 — Contains an Azimuth and Elevation servo
motor drive unit along with associated circuitry.

® Drive Panel 2+ - Contain optional additional servo drive
circuits for Azimuth and/or Elevation.

Figure 2-2 Drive Unit 1 with panels open.
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Figure 2-3 Drive Unit 1 panels closed
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Figure 2-4 Drive Unit 2
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OPERATION

2.1.5.1 Emergency Stop

16

To stop all antenna motion as quickly as possible, push the
red e-stop switch.

To release the e-stop, twist the knob clockwise.
During an emergency, disconnect all power sources.

The e-stop switch works by asserting the SS1 (Safe-Stop-1)
feature of the motor drive units. SS1 executes a controlled
stop of motion on the drives, enables the brakes and
transitions to the STO (Safe-Torque-Off) feature of the

motor drive units.

Alctivating the e-stop does not remove electrical power from the drive
cabinet.
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2.1.5.2  SCU Panel

Figure 2-5 SCU Panel (top)

(1) Customer Interface Block — Terminals and power circuits for
connection to the antenna system.

(2) Main Circuit Breaker — Disconnect for all power entering the
cabinet.

(3) 3-Phase Az/El Motor Contactor and Switch — Power entry point
tor 400VAC motor power. The contactor is turned off individually by
the associated switch/circuit breaker and also by the main circuit
breaker along with all other power in the cabinet.

(4) 3-Phase Brakes and Pol Motor Contactor and Switch — Power
entry point for 200VAC brakes/warning power. The contactor is
turned off individually by the associated switch/circuit breaker and
also by the main circuit breaker along with all other power in the
cabinet.

(5) Motor Power Terminals and Terminals for connection of antenna
system wiring.

Series 9000™ O&M Manual 17
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Figure 2-6 SCU Panel Bottom

(1) EMI Filter for 120VAC input.

(2) 24VDC Power Supply and Distribution — power for all electronic

circuits.

(3) 24VDC Butffered Power Supply and Distribution — power for 24V
switches on antenna system (limit switches, handcrank interlocks, etc.)

(4) Ethernet Switch and PoE Switch — network for internal
communications and PMCU.

(5) Resolver Board
(6) UPS for SCU Computer
(7) IOC (Input Output Controller)

(8) SCU Computer

18 Series 9000™ O&M Manual
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2.1.5.3 PLC Panel

Figure 2-7 PLC Panel

(1) Customer Interface Block — Terminals and power circuits for
connection to the antenna system.

(2) Motor Power Terminals

(3) Circuit Breakers for Pol Motor Power and Warning Horn/Light
Power

(4) Terminals for connection of antenna system wiring.

(5) Thermostat for control of cabinet fans.

Series 9000™ O&M Manual 19
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(6) PLC and PLC IO Modules for control of motor and system
functions.

(7) 24VDC Auxiliary Buffered Power Supply and Distribution — power
tfor 24V switches on antenna system (limit switches, handcrank
interlocks, etc.)

(8) Relay Logic for safety functions (E-Stops, handcrank Interlocks,
Final Travel Limits)

20 Series 9000™ O&M Manual
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2.1.5.4 Drive Panel

Figure 2-8 Drive Panel

(1) Az/El Motor Brake Circuit Breaker
(2) Az/El Motor Power Circuit Breakers
(3) Az/El Motor Brake Relays

(4) Az/El Mains Input Chokes

(5) Az/El Braking Resistors

(6) Az/El Servo Drive Units

(7) Az/El Motor Power Chokes

Series 9000™ O&M Manual 21
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2.1.6 Motors and Motor Encoders

The Series 9000 system utilizes 1 or more motozr(s) on the Az and El
axes. Multiple motor types are supported:

® Synchronous AC Servo motor — The preferred type of motor
tor 9000 systems due to its small size, precision control
capabilities and efficient operation.

® Asynchronous AC motor with encoder — Often found on
existing installations. These motors work in the application but
are much larger and less efficient compared to Synchronous AC

Servo motorts.

® Brushless DC Servo motor — Similar but older technology to
Synchronous AC Servo motors. These are supported but may

suffer efficiency loss.
The Series 9000 system works with motors using various encoders:

® Incremental A-B encoders — often found on existing

Asynchronous AC motors

® Resolver — The preferred type for Synchronous AC Servo
motors.

Tachometer feedback is not supported.
The Series 9000 system is compatible with axes with single motozr(s)

per axis up to essentially unlimited number.

2.1.7 Position Encoders

The Series 9000 system utilizes 25-bit optical encoders for both
Azimuth and Elevation axes.

The Azimuth axis offers an optional multiturn version of the encoder
in cases where there is greater than 360 degrees of travel for tracking
LEO or other high dynamics targets.

22 Series 9000™ O&M Manual
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2.2 Theory of Operation

2.2.1 System Control

2.2.1.1 Sources of Control

The following sources of control can be used with the 9000 System:

o ACP (Antenna Control Panel) — The ACP is the standard
interface for an operator to use with the 9000 system. The ACP
runs the user interface software on an industrial computer and
displays controls and status information on a touchscreen rack-
mounted display. Up to four ACPs can be connected to the
system to provide multiple monitor or control points for the
system. The ACP is not a mission critical device, meaning that if
it is disconnected or turned off the system will continue to
operate in the mode it was in. This allows for “headless”

operation of the 9000 system with no ACP.

® M&C (Monitor and Control) — The M&C interface is used by
software to monitor and control the 9000 system over Ethernet.

Two standard interface types ate provided: SNMP v1/v2 and
REST APL

e PMCU (Portable Maintenance Control Unit) — The PMCU is
most often used during maintenance operations when control is

needed on the antenna platform, by the motors, etc.

® Web interface - The web interface is essentially the same as the
ACP but accessible from any computer on the same network.
This will allow more convenient control of the unit or even

remote operation for units placed in un-manned locations.

2.2.1.2 Lockout of Control

The 9000 system uses a two-level hierarchy of control lockout. When
the PMCU is in use the ACP and M&C interfaces cannot make
changes to the operational mode.

Series 9000™ O&M Manual 23
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When the PMCU is not in use the ACP and M&C operate with equal
priority on a “last wins” scheme. This means that the last command
always overrides any previous command whether received from an

ACP or the M&C interface.

2.2.1.3 Level of Control

The ACP supports three levels of control to allow systems to operate
without the possibility of inadvertent change of sensitive parameters:

® Monitor — cannot make any changes but can monitor status
and view settings.

® Operator — can make changes to targets, tracking operations
and diagnostics. The passcode to enter Operator mode is
“1212”.

® Admin — can make changes to all system parameters. The
passcode to enter Admin mode is “5959”.

24 Series 9000™ O&M Manual
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2.2.2 Motor Control

The 9000 system utilizes a feedback control system for precise
position and velocity control of the antennas Az and El motors. In a
teedback control system, the motors are equipped with encoders
directly on their shaft allowing the shaft position and velocity to be
accurately measured and controlled by a smart control system. This
motor shaft control is in addition to the position feedback

Position Velacity

Command Pl Position Command Pl Velacity SG_"[:': 32\*9
Gains Gains c q
ontrol
é F_H Walacity

T Feeadback

Position
Feedback s
Encoder

Figure 2-9 Single motor control diagram

The simplified diagram works well for systems that require limited
accuracy but due to errors introduced by the gears (primarily backlash
and wind up) the system cannot translate the precise motor velocity
control into precise axis control. In order to solve this problem for
antennas requiring high accuracy the antenna is often fitted with a set
(or more) of two motors in a torque biased configuration. Torque
biasing on the final drive gear allows the system to eliminate most of
the inaccuracies introduced by the gears.
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Figure 2-10  Single motor drive system

In a drive system with backlash the drive gear has a gap on one side of
the teeth when meshed with the axis gear. This causes the axis gear to
not be driven when the drive gear is changing directions. It also allows
the antenna gear to coast or be moved by external disturbances in the
direction toward the backlash in a way that the drive gear cannot
control. The result is that the accuracy of the motor controller in
positioning the drive gear cannot translate fully to accuracy on the axis.

To accommodate this backlash, a single motor system uses a position
deadband that is larger than the gear backlash so that the control loop
gain is reduced when within the deadband of the target position. This
prevents the phenomenon of limit-cycling which is when a control
system oscillates back and forth across a non-linearity in the system, in
this case the gear backlash.

CW Torque

Drive Gear

Figure 2-10  Dual motor drive system
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In a dual motor drive system, a second drive gear is added. The
control system applies a torque to the second gear that is biased
against the torque applied by the first gear. This means that there is
direct contact from the antenna gear to one drive gear or the other in
both directions of rotation. This biasing effectively eliminates the
backlash of the gear system allowing for highly accurate control of the
axis gear by the motor control.

The position deadband in a dual motor system is set significantly lower
than in a single motor system and is used more to establish the
reasonable limit of control accuracy than to prevent limit cycling. In a
typical system the position feedback resolution is 0.001 degrees, and it
is not necessary to control the position much more accurately than
this. However, the deadband can still be set to lower numbers if
required by the application.

In order to control the two-motor system, the control system must
become more complex as compared with a single motor system.

Pasitian
Feadback

Position Ij_ﬂ Velocity
Command it Command : Servo Drive
P Position Pl Ve!u:nly Torque
Gains Gains
Cantrol
Torque Bias and
Speed D

r Control
average
[

Velocity
Feedback

Servo Drive
Torque
Cantrol

Figure 2-11  Dual motor drive diagram

The design for controlling two motors still includes a single position
command and velocity command but now it requires a torque bias and
speed difference controller as well as using the average motor velocity
as the velocity feedback. The torque bias and speed difference
controller ensures that a bias is maintained to eliminate backlash and
that the two motors drive in a stable manner, not fighting each other
or resonating energy between them through the gear coupling.
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2.2.2.1 System Tuning

CAUTION: Tuning the control system must be performed by qualified personnel
with the required education and experience to understand the tuning method and
risks associated. A poorly tuned system can lead to excessive uncontrolled motion
that can damage the system and lead to dangerous situations.

This complex control system must be tuned to the antenna so that it
provides optimal performance and remains stable. There are essentially
three elements that must be tuned to achieve optimal performance:

® Torque bias and speed difference gains
® Velocity control loop gains
® Position control loop gains

The torque bias is set to a percentage of the maximum motor torque.
It should be set high enough to ensure continual engagement of both
drive gears against the axis gear. However, setting the torque bias too
high will limit the maximum torque available to the system.

The speed difference gain applies a fractional (greater than zero and
less than one) multiplier to the difference between the measured
velocity of the two motors. The result is summed with the torque
command. This is used to dampen any oscillations that may occur
between the two drive motors due to mechanical spring built into the
drive gear chain.

Tuning of the velocity and position control loops is toward the
objective of achieving close to critically damped response to a step
function command. This is the fastest response to the command with
minimal or no overshoot and fast settling time:
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Control System Tuning Objective
14

12

08

06
= Command

—Underdamped Resopnse
04
—Critically Damped Resopnse

s Overdamped Resopnse

-0.2

Figure 2-11 Control system tuning objective

When the velocity and position loops are tuned to critical damping
then the output velocity and position of the antenna match as closely
as possible to the commanded position and velocity.

Tuning parameters available are:

® Torque-Bias in % of max torque

o Km — Velocity difference gain

e Kpv — Proportional gain applied in the velocity loop

e Tiv — Integral time constant applied in the velocity loop
e Ktv —Total gain applied in the velocity loop

e Kpp — Proportional gain applied in the position loop

e Tip — Integral time constant applied in the position loop

e Ktp — Total gain applied in the position loop
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Note: for advanced systems the Kpv and Tiv parameters may be made to fit a
Sfunction vs. velocity instead of using a simple constant. This can be useful when the
drive system is significantly non-linear across its operational range but should only

be used when necessary as it complicates the tuning and testing of the systen.

2.2.2.2 Antenna Performance Limits

Each antenna has velocity, acceleration and jerk performance limits
that must be configured into the controller. Once the control loops
have been tuned approximately to critical damping the actual response
of the antenna becomes governed by the performance limits set. For
example, when commanded to move from position A to B the
controller will first accelerate at the antenna’s set acceleration limit,
then when the maximum velocity has been reached the antenna moves
at that constant velocity until when approaching the final position, it
decelerates to a stop using the deceleration limit (same as acceleration).
Ideally the antenna comes to rest perfectly at the set position with no
overshoot or undershoot. However, real-world dynamics, such as
wind, may cause some minor overshoot or undershoot before the
system achieves the final commanded position.

2.2.2.3 Degraded Mode

The dual motor control loop can operate in degraded mode when one
or more of the motor systems is non-functional. This is done by
simplifying the control down to the single motor control diagram,
increasing the position deadband to prevent limit-cycling and reducing
the gain of the control loops.
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2.2.3 Ephemeris Pointing

Ephemeris means a set of positions associated with time used to
describe the motion of a celestial object.

The 9000 Series supports three different modes of ephemeris pointing:

e TLE (Two Line Elements)
e IESS (Intelsat Earth Station System)

® Predictive — Internally generated

2.2.3.1 TLE and IESS

TLE and IESS ephemeris modes are discussed together because,
though they are different formats for describing the orbit they operate
in identical ways within the 9000 Series control system. These
ephemeris types model the orbit of the target using sets of parameters
to describe the motion. The models are valid from a particular time
torward until a limit when the predictions of the model significantly
diverge from the actual motion. When the model is too old to be
considered reliable the 9000 presents a warning to the operator but
will continue to follow the predictions.

Steptrack tracking cycles can be added to TLE and IESS modes to
periodically or upon signal degradation track out the error that has
accumulated in the ephemeris model.

When using TLE or IESS modes to follow a target the 9000 system
continually updates the position based on calculating the current time
from the ephemeris model. There is no stopping and waiting period
before making new adjustments, though for very slow-moving targets
the antenna may appear to be stationary.

2.2.3.2 Predictive

The predictive ephemeris mode is a model based on the results of
previous steptrack convergence data. In this mode, initially the system
is only collecting data by performing tracking cycles. Each time a
tracking cycle converges on the target a new position set is entered
into the
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predictive ephemeris model. Once enough data is collected to consider
the model to be valid (24 hours) the 9000 begins to calculate results of
the ephemeris model and continually update the position of the
antenna in the same manner as when in TLE or IESS modes.

2.2.4 Steptrack

Steptrack is a basic but effective way of automatically calculating the
target look angles based on sequential RF signal strength
measurements.

The 9000 system uses a two-point calculation method to calculate the
target location and several parameters to set bounds on the motion.

Because the RF signal strength measurement is inherently noisy the
accuracy of the steptrack mode depends heavily on atmospheric and
other signal related conditions.

2.2.4.1 Beam Pointing

m Target Satellite

-0.35° Pointing Error
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Figure 2-12 Beam pointing chart
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To understand how steptrack works it is first necessary to understand
the basic concepts of antenna beam pointing.

Parabolic satellite antennas have a characteristic beam pattern that is
approximately parabolic close to the center of the beam where
steptrack works. The “beam” in a steptrack system is not based on the
energy transmitted by the satellite but is actually the gain in dB of the
antenna vs. the offset in degrees from the beam center. The energy
transmitted by the satellite is assumed to be constant but the received
signal level increases or decreases due to the varying gain of the
antenna as oriented in the direction of the satellite.

Note: the energy transmitted by the satellite is not actually constant, it can vary
based on satellite operations such as modulation or automatic gain control.
Additionally, the satellite energy transmission is affected by loss experienced during
travel through the atmosphere due to several different functions. All these factors can
negatively impact steptrack performance.

Antennas ate also said to have a characteristic beamwidth. This is the
distance in degrees from the -3dB points on both sides of the beam. In
the example given it is approximately 0.9° (0.45° x 2). The beamwidth
of the antenna is used in the steptrack calculations to characterize the
beam pattern.

It is generally helpful (as illustrated in the example) to normalize the
maximum gain center of the beam to read 0dB when pointed directly
at a target, then any pointing offset is represented by a loss in dB
(negative dB).

In the example given, the -0.35° pointing error results in
approximately 0.7dB of signal loss (a signal strength reading of -
0.7dB).
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2.2.4.2 Steptrack Tracking Parameters

Q Target Satellite

Step Size = 10% = 0.09°
P -0.35° Pointing Error

Max Step = 30% = 0.27°
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Figure 2-13 Steptrack parameters chart

During a steptrack cycle the controller makes two motions called
measurement steps. These are made, one in each direction, the
distance set by the user in the target settings called szep szze. 10% is a
typical value. In the example presented, 10% of the beamwidth is
0.09°. The figure illustrates how the measured signal strength from the
satellite changes at the step locations, one being -0.8dB and the other
being -2.9dB. Using these two values and the stepsize the controller
calculates the position of the target satellite and makes a motion in that
direction. The motion is limited by the user settable parameter called
max step. This limitation is made due to the noise and other factors that
add error to the measured signal levels and can cause the calculation to
be incorrect. In the example given, even though the target position is
off by 0.35° the controller will only move 0.27° in the direction of the
target due to the max step parameter set to 30% (0.27° = 0.9° x 30%).
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2.2.4.3 Steptrack Tracking Convergence

Q Target Satellite
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Figure 2-14  Steptrack tracking convergence chart

Atfter the calculated correction step has been made the controller
evaluates whether the pointing is within the tracking deadband (not to
be confused with the control loop’s position deadband). The
deadband is set up by the user in the target settings and determines
whether the tracking cycle has converged or not. If the calculated peak
is within the deadband from the corrected angle, then the tracking is
said to have converged, and the tracking cycle is finished.

If the calculated peak is still outside of the deadband then another
steptrack cycle will be initiated to attempt to get closer to the peak
unless the maximum number of steptrack cycles has already been
attempted in which case the controller will abort the tracking cycle and
park the antenna back at the original location. This abort can occur
due to impropetly set tracking parameters such as:

Series 9000™ O&M Manual 35



OPERATION

® Decadband is too small — due to noise in the RF signal and other
tactors it is impossible for the steptrack calculations to consistently
be perfect. Therefore, the tracking deadband is needed to
determine when the results have gotten close enough and stop the

process.

® Max step is too small — max step is used to limit potentially
incorrect steps that may be taken due to noise. However, if it is set
too low then it will take too many steptrack cycles to reach the
deadband and the tracking will abort.

® Max cycles is too small — max cycles are used to limit the number
of steptrack attempts at getting to the peak because in very noisy
situations it will not help and may be detrimental to continue
attempting to track. However, in conjunction with the deadband
and max step parameters, if not enough attempts are allowed then
the tracking will abort.

® Step size is too small — step size 1s the primary limitation that the
user has control over to impact the accuracy of the steptrack
calculations. Larger step sizes will result in more accurate
calculations and thus faster convergence to the deadband.
Conversely, smaller step sizes will result in less accurate calculations
which, if excessively so, can cause the tracking cycle to “wandet” or
“hunt” for the deadband but never find it due to the small step size

and resulting inaccuracy.

2.2.4.4  Steptrack Tracking Interval

Since the steptrack measurement steps actually cause signal loss
(remember the -2.9dB measurement from the example!) it is generally
necessary to limit the frequency of the tracking cycles. The following
parameters control the tracking interval:

® Cycle time — The time elapsed from the previous convergence or

abort until the start of the next tracking cycle.
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® Step below signal — A dynamic threshold for initiating a tracking
cycle due to signal loss prior to the expiration of the cycle time.

® Follow model time (if in predictive mode) — The effective cycle
time when following a predictive model.

2.2.5 Monopulse

2.2.5.1 Monopulse Radar Background

The terminology monopulse tracking used for satellite communications
comes from a target tracking method developed for pointing radar
antennas. The term monopulse refers to a method of transmitting a
single pulse of RF energy and then waiting for the echo return of that
pulse at the receivers. The receiving system would consist of 4 horns
which would combine the received signal in such a way that from the
single return pulse the tracking system could determine both direction
and distance to the target.

2.2.5.2 Monopulse for SatCom

For monopulse in satellite communications there is no transmitted
pulse, only a received signal transmitted from the satellite, but the
name monopulse is still used to represent the tracking methodology. The
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4 or 5 horn configuration is valid for satellite communications.
Elevation
Axis

A

XElevation Elevation
Sum e Sum
XElevation
\ Axis
XElevation Elevation
Error @ Error

Elevation error = (1+2)-(3+4)
@@@ XElevation error = (1+3)-(2+4)
Magic T
agic Tees Total Sum = (1+2+3+4)/4

Figure 2-15 Monopulse 4-Horn Feed

A second common approach used for monopulse tracking in satellite
communications is to add a TE21 coupler to the communications
(COMM) feed network. There are other types of couplers that can be
utilized for monopulse but the TE21 with 8 coupling slots is most
common as it provides good results for tracking both Circular and
Linear polarized downlink signals. Tracking is performed similatly to
the 4 horn while minimizing the loss of signal on the comm channel.
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90 ||° LCP Error

HyBrid| — RCP Error

O

Magic Tees

Figure 2-16 Monopulse TE21 Coupler

The TE21 hardware is a circular device. It can be utilized for receiving
both Linear and Circular polarized signals from a satellite. When used
for tracking a linear polarized signal (Horizontal or Vertical) both
signals will be accessible on either “error” port from the 90 degree
Hybrid. However, when tracking Circular polarization then one port
will be Left Hand CP and the other will be Right Hand CP. Itis

always important to verify that the error ports are properly identified.

When the feed system consisted of 4 horns for reception the horns
were mounted to calling with the Elevation and X-elevation axis. The
nice result of this is the two error signals come out exactly on the EL
axis and the XEL axis.

With the TE21 coupler that alignment is lost. It is possible to
configure (rotate) the coupler into a position where the output errors
are aligned with EL. and XEL moment, but it is not always practical.
For one the error coupler is often large and heavy. The other issue is
the alignment will change with a frequency change. So, most of the
time the error coupler is fixed and only the feed horn moves if the
signals are linear and Horizontal/ Vertical polarization adjustment is
needed to optimize signal levels. This means that a means to calibrate
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the tracking signal errors to the axis motion is needed in the control
system.

2.2.5.3 Monopulse Tracking Signals

The goal of the TE21 coupler network is to create an “error’” channel
pattern. That is a pattern that is nulled exactly below the peak of the
sum (reference) channel pattern.

Lo
| -3dB
Sum channel
pattern
-10dB

Error channel
pattern

0° +6, /2

Mull of Infinite
depth

Figure 2-17 Monopulse tracking error channel null

In operation as the horn aperture becomes larger, the “reference”
(sum) channel pattern becomes narrower, and the “error” channel
pattern peaks come closer together. As such the slope of the pattern
toward the axis will become steeper. The sensitivity of the error
pattern will increase as the slope into the null increases. The
logarithmic “db - scale” would theoretically show an on-axis null of
infinite depth with respect to the 0 dB reference pattern maximum. In
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practice the on-axis value for the null will reach a measured depth of

only 40 or 50 db below the reference pattern peak.

The error pattern is interpreted by the monopulse tracking receiver as
a voltage pattern for use as a tracking reference. As the target moves
off axis the receiver generates the relative error voltage used by the
drive system to return the antenna to the “on target” position. The
error pattern passes through zero volts at the null and changes sign.
Thus, a monopulse tracking system is not actually tracking to the peak
of the reference (or Sum) signal, it is tracking to the null of the error
signal as represented by the zero-voltage point. The depth and
location of the null of the error signal will vary depending on the
accuracy of construction of the feed. Sometimes the null is shifted
slightly off the reference peak. The feed test data should indicate this
shift and how much.

SSRVAN

. \ ;SIope == videg
: ,»"/ + \\ o
/ ok \: 1V ref channel
f Ao V ref channe
: pattern

€1 Error channel

pattern

-0.3Volts

-0

3dB’

12 0° +0, /2

3dB

voltage signal
crosses 0 at
the peak

Figure 2-18  Tracking the error channel to the O-voltage point

2.2.5.4  Two Channel vs. Single Channel

There are two approaches generally available in the market to create
tracking information from the sum and error outputs. The older
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approach is to use two receivers, one for each signal sum and error.
Depending on who you talk with this approach is “Monopulse” or
also known as “T'wo Channel Monopulse” tracking. The second
approach is to combine the sum and error signals, while manipulating
the error signal with a phase shifter and then only use one receiver to
recover the signal. This approach has been called “Pseudo-
Monopulse” or “Single Channel Monopulse”. Like most technical
approaches there are tradeoffs between the two approaches. The
selection of one over the other will be determined by customer
specifications and cost expectations. In general, the single channel
approach is lower cost, as in the past the two channel receivers have
been very costly. From a performance point of view the single channel
can have a slower update rate but often tracking accuracy to null is
comparable with the two-channel receiver tracking. Both approaches
can utilize the TE21 coupler.

2.2.5.5 Two Channel Monopulse

The two-channel receiver is a term that indicates that at a minimum
there is a receiver for the reference signal and a separate receiver for
the error signal. There may be more receivers as there are often two
reference signals available. It is also possible to “track” polarization in
a linear system when the target is in inclined operation.

TE21 Coupler | | NA 2008
5\ r~_ Coupler  RH/H
> L T% Y To Comm
/ & ! Equipment
RH LH
Sum Level
\ 2 channel ;TE:? -
tracklng XEL Error 1 ACU
receiver ———

- [(5 [ng
AZ EL

Figure 2-19  Two channel monopulse diagram
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The reason for the high cost of the two channel monopulse receiver is
that at least one receiver must be able to output a signal level at very
low input power levels. For example, if the input Sum level is -90 dBm
power input levels the error signal at “null” could be about -140 dBm.
Normally a very narrow resolution bandwidth will be needed to
achieve these measurements along with a very low residual FM. With
the receiver operating with a narrow resolution bandwidth (<1kHz)
for a very low signal any drift of signal frequency could cause the
signal to be lost - and the error recovery would not be able to detect it.
So normally the lock of the receiver on the reference signal is used to
also drive the tuning of the error receiver.

For two channel tracking the tracking slope is defined by the output of
the TE21 coupler. Because of that the tracking slope is fixed. The
manufacture of the monopulse tracking receiver should define the
method of calibrating the receiver to the feed for operation.

Generally, it will consist of:

® pointing the antenna at a target which could be a bore site tower

or a satellite with minimal motion.
® peak the reference signal to get near to error signal null.

® then adjust pointing to minimize error signal - this becomes the

reference peak location

® Move dish off in one axis only a prescribed distance - this sets
signal level change to distance and also sign adjustment.

® Return to ref peak location

® Move dish off in the alternate axis a prescribed distance - set signal
level change for distance for second axis along with sign
adjustment.

Series 9000™ O&M Manual 43



OPERATION

2.2.5.6  Single Channel Monopulse

For single channel monopulse there is only one operational receiver
that will be recovering signal power from a combined “synthetic”
beam.

TE21 Coupler | | NA 2048
\ (~_Coupler  RH/H
L

> |’\‘ To Comm
/ & o LHV Equipment
RH LH ‘ F
L ,I| Synthetic
6B Beam Signal
Mute Coypler tracking | Error
LNA gt receiver ACU
I Control Lines AZ EL
L IR1IRTIR1| R1|
error it o o
EL : : i i i
R1 o o =]

ELerror = (R1 +R2) - (R4 + R3)
XEL error = (R1 + R4) - (R2 + R3)

Figure 2-20  Single channel monopulse diagram

The monopulse tracking feed is equipped with a TE21 mode coupler
to supply error pattern signals to a track channel. This coupler
produces an error output signal with amplitude proportional (to the
magnitude of the arrival angle of the signal) and relative to the line of
sight of the antenna beam. The phase of the error signal relative to
the phase of the sum signal is proportional to the direction of this
arrival angle relative to the rotation position of the feed. For example,
with proper phasing, the error signal can be made to be in phase with
the sum signal for an AZ error to the right and it will be 180 degrees
out of phase for an AZ error to the left. At the same phasing, the
difference might be 90 degrees for an "up" error and 270 degrees for a
"down" error.
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Figure 2-21 Monopulse error signal chart

If the error signal is phase shifted and combined with the sum signal,
the peak of the composite signal is shifted relative to the antenna line
of sight in the direction where the error signal and the sum signal are
in phase. The phase shifter affects this direction. With the phase
shifter commanded to zero phase shift, the rotation direction of the
peak is determined by the net phase shift between the sum channel
path and the error channel path. This net phase shift is referred to as
the reference phase.

For monopulse tracking utilizing this arrangement, the tracking
receiver will command the phase shifter through repetitive cycles of 0,
90, 180, and 270 (and back to 0) degrees. This action generates a
(synchronously modulated) scan pattern; the pattern is a square in the
plane normal to the antenna line of sight. The sum and difference
patterns and the relative gain between the sum and difference channels
determine the size of the square. So, by changing attenuation in the
sum path before combining with the error path the tracking slope can
be adjusted. The orientation of the pattern in rotation about the line of
sight is determined by the reference phase defined above.

It can be shown that the reference phase establishes the rotation of the
scan pattern about the line of sight, e.g., a given reference phase might
place the beam position with the O-degree output at 37.5 degrees CCW
trom horizontal to the right. A 100-degree change in the reference
phase would then place the beam at 137.5 degrees CCW from
horizontal or at 62.5 degrees CW from horizontal. Accordingly, the
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correction for the reference phase is simply a coordinate rotation that
is a function of the front-end configuration and the track signal
frequency.

A calibration procedure (which can be performed while the
communication system is on-line) is needed to determine the value of
the reference phase correction and the effective scan pattern size for
each configuration. The calibration results should be stored in the
ACU in a database that also logs RF path and tracking frequency.
Calibrations are unique to each frequency/RF path configuration.

Synchronous demodulation of the signal level variations produced by
the scanning of the synthetic beam is performed in the tracking
receiver. This demodulation process not only provides the required
two orthogonal error signals, it also performs a very effective filtering
(signal variations with a frequency significantly different from the scan
trequency will have little effect). The demodulation process is
performed by software after application of the corrections described
above for both net gains between the sum and difference channels and
the loss variations from the phase shifter. After the demodulation, the
coordinate rotation for reference phase and the secant correction of
the AZ error signal is performed and the results are routed to the
ACU for AZ and EL antenna corrections.

2.2.5.7 Monopulse Target Acquisition

Tracking a monopulse target consists of acquisition, peak detection,
autophase adjustment, and tracking:

® Acquisition of a monopulse target can be performed using
Move to Look Angles, Move to Longitude, TLE (SGP4, or
IESS.

® Peak detection is performed using a cross scan to minimize
the monopulse error vectors.

® Autophase adjustment is performed using the built-in
feature of the monopulse tracking receiver, if equipped, or
by adjusting receiver parameters to minimize phase errors
that will degrade monopulse tracking performance.

® Tracking is performed by following the error vectors
received from the tracking receiver to continually maintain a
peaked condition on the target.
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2.2.5.8 Monopulse Target Tracking

For all of the complexity that goes into receiving, transforming,
acquiring, phase adjusting and calibrating the monopulse tracking
signal — once it is complete the actual tracking is surprisingly simple.
The tracking error signals represent the distance from the current
angle on each axis to the peak location. Due to noise and other errors
in the system this is only an estimate and requires filtering.

The 9000 monopulse position estimation function consists of two
filters:

® LError Vector Filter

® [Lstimated Position Filter

: 1st 15t :
Error Vector —— Crder o Order ——— Position Command
: LPF LPF :

L Actual Position

Figure 2-22 Monopulse position estimator

Filtering the error vector reduces noise but will increase pointing
errors due to decorrelating the vector from the actual pointing angles
in time. Note that the error vector filter is applied before the error
vector is subtracted from the actual position. Due to this, a relatively
high cutoff frequency is recommended, typically 1-2 Hz.

The estimated position filter is applied after the error vector is
subtracted from the actual position so it is correlated to the position
signal and does not cause the same pointing errors as the vector filter,
however it will cause the estimated position to lag behind the actual
target so it should be set with the expected target velocity in mind.
Typically, 0.5-1.0 Hz is a good value.

These are both single order low pass filters of user selectable cutoff
trequency. The cutoff frequency represents the frequency where the
input signal is attenuated by 3dB. Frequencies above will be attenuated
turther. In time, the cutoff frequency (Fc) corresponds to what is
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called a time constant (T'c): Fc (Hz) = 1/(2nTc(s)). The time constant,
in practical terms, is the time the output takes to rise to 63% of the
input value in a step function. The output reaches 95% of the input

value after three-time constants.

First Order Low Pass Filter Step Response
Tc = 0.05 seconds Fc =3.19 Hz
100% |
95%
80% |
60% |
| 63%
40%
|
20% |
0% ‘
0 0.05 0.1 0.15 0.2 0.25 0.3

Figure 2-23 First order low pass filter step response

When setting the value of the estimated position filter the operator
should consider how fast the target is moving and how much tracking
error is acceptable. Often it is easiest to determine the optimal values

by experimentation.
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2.3 Operation

2.3.1 Overview

(1) INMARSAT 3-F2 ¥ RADEUS TEST ACP seseo? oY
3450.123 MHz -51.0 dBm _0-9 d B

VAN 249.032° 21.609°
el 249.032° 21.609°
a 0.000° 0.000°

FOLLOWING TARGET 23:06:34 16 JUNE 2022
MANUAL CONTROLS STANDBY

Figure 2-24 ACP screen

The 9000 ACP screen is divided into 4 zones:
(1) The menu bar

(2) The real-time display

(3) The status bar

(4) The operation and configuration zone

During periods of no interaction the system will go into a mode called
FarView that makes the Actual angles and the Signal chart larger and
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easier to see at a glance.

® @ ®
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FOLLOWING TARGET 23:06:34 16 JUNE 2022
MANUAL CONTROLS STANDBY

Figure 2-25 Web Interface - home screen

The menu bar of the display screen provides buttons to access to all
of the system settings for (1) target menu, (2) antenna menu, and (3)
ACP menu.

£ AMC-1 (GE-1) & West Coast ges=y =
40 40 400.000
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O MANUAL STANDB' @ Following target 13:56:54 7 OCTOBER 2021

2

Figure 2-26  Web Interface -real-time display
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While tracking, the real-time display will always show the current
antenna position, the commanded position, and the difference
between those 2 values. While the unit is in standby, the real-time
display will always show the antenna position and the mechanical
position.

1) The actual axis angles, (2) the mechanical angles or target angles
depending on the operating mode, (3) the RF frequency, input
selection and signal level, (4) the relative signal level and (5) a signal
level history chart.

INMARSAT 3-F2 ¥ RADEUS TEST ACP goose? O
A 3450.123 MHz -51.0 dBm -0.9 dB

@IV 249.032° 21.609°
] 249.032° 21.609°
B 0.000° 0.000°

FOLLOWING TARGET 23:06:34 16 JUNE 2022

@

FAULT O MANUAL CONTROLS STANDBY

Figure 2-27  Web Interface - status bar

The status bar provides (1) a summary fault indicator, (2) a button for
entering manual control mode, (3) a button for executing the standby
command and (4) informational status messages.
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P @ >
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Figure 2-28 Web Interface - operation and configuration zone

The (1) operation and configuration zone shows various screens
depending on what the operator is doing: Target setup, operation and
diagnostics; Antenna setup and diagnostics; Utilities; Manual controls.
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2.3.2 Antenna Settings

Q

%  INMARSAT 3-F2 l‘r" RADEUS TEST ACP l & & gos=u? 3

AZ E 3450.123 MHz -51.0 dBm
auiZiy  249.032° 21.609°
el 249.032° 21.609°

B 0.000° 0.000°

FOLLOWING TARGET 23:06:34 16 JUNE 2022

MANUAL CONTROLS STANDBY

Figure 2-29 Web Interface - antenna settings
Figure 2-31

Press the (1) antenna button on the menu bar to set up the antenna
settings.
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2.3.2.1 Site tab

INMARSAT 3-F2 % RADEUS TEST ACP cogsa? £
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ANTENNA COORDINATES DISH
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WARNINGS

Figure 2-30 Antenna > Site
Setup for required settings specific to the antenna.

(1) Name the antenna to distinguish it from other nearby systems. This
name will appear on the touchscreen display.

(2) On the Antenna Site tab:

e Enter the antenna’s latitude (degrees north) and longitude
(degrees east), using up to six decimal places.

e Enter the antenna’s altitude (meters).

Enter the dish size (in meters, to the tenths).

Note ® Enter the axes under control:
In this document,

screenshots may O AZ, EL

illustrate a system

with one, two, or no O AZ, EL, POL1

polarization axes.

o AZ,EL, POL1, POL2

e Ifa POL axis is selected, then enter the CP/LP Selection:

54 Series 9000™ O&M Manual



OPERATION

o None
o POL1

o POL1, POI2

e Ifa CP/LP control is used then enter the switching timeout.
The switching timeout defines how long the SCU allows for
the CP/LP controller to switch between settings before
generating a fault.

2.3.2.1 Options tab

INMARSAT 3-F2 ¥ RADEUS TEST ACP gaccsus £
3450.123 MHz -50.2 dBm _02 dB

ViR 242.995° 15.729°
il 242.995° 15.729°
0.000° 0.000°

FOLLOWING TARGET 16:58:01 17 JUNE 2022
MANUAL CONTROLS _JIL STANDBY

L
AUDIBLE FAULT ALERTS ]

’ ORBITAL 0
| TRACKING LIMIT .
o = E-STOP NAMES

STOP1 STOP 11

RF INPUTS
STOP 12

TOP 3

STOP 14

E E
E-STOP 2 E-STOP 7
E-§ E
E-STOP 4 E
E E

E
E
STOP 8 E-STOP 13
E
E

STOPS STOP 15 & 16 are not changeable

Figure 2-31  Web Interface - Alerts tab

(1) On the Antenna Options tab:

® _Audible fanlt alerts
Choose whether the ACP will emit audible alert tones, in
addition to the visual alerts on its display, when a fault is
detected.

®  Sun outage protection
Prevents steptrack operation if the beam width is pointing
within 0.25° of the sun.
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® Orbital tracking limit
Constrains antenna control maneuvers to match the
analemma trajectory of the target satellite (see Figure 2-34).
When tracking a target whose trajectory brings it close to
other satellites, orbital tracking limits can help avoid tracking
nearby satellites unintentionally.

The orbital tracking limit is measured in factors of the
antenna 3dB receive beamwidth (n*BW). For example:

o An orbital tracking limit of factor 2 and receive
beamwidth of 0.27° would constrain tracking
maneuvers to 2 maximum offset of 0.54° from the

target trajectory.

Orbital tracking limits is a system-wide option and
applies to all tracking modes. These limits are disabled
by default (factor 0); the maximum value is 9.

Orbital Limit
(n * Beamwidth)

Target Orbit
Analemma

Figure 2-32 Orbital tracking limits constrain antenna maneuvers to the
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analemma trajectory of the GEO target satellite. This can help
avoid accidentally tracking any other nearby satellites.
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2.3.2.3 Receiver tab

INMARSAT 3-F2 % RADEUS TEST ACP gacEn?

eV 243.019° 15.757°
TARGET 243.019° 15.757°
0.000° .000°

FOLLOWING TARGET 17:04:57 17 JUNE 2022

ANTENNA FAULT 0 MANUAL CONTROLS JI STANDBY
RECEIVER TYPE CTRTO .
- v DTC ATTENUATION A

ADVANCED

AUTODIVERSITY THRESHOLI 2 ERROR VECTOR

@ sTow B SAvE 3 CANCEL

Figure 2-33 Setup > Receiver
For each axis, the encoder angle plus its offset equals the actual look
angle (Encoder Angle + Offset = Look Angle the type of receiver being
used, if any.

(1) On the Antenna Receiver tab select the type of receiver that is
in use. Hach receiver type has unique settings to configure

which are explained in appendices at the end of this document.
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2.3.2.4 Monopulse tab

INMARSAT 3-F2 ¥ RADEUS TEST ACP gogsuz

3450.123 MHz -50.2 d

15.786°
15.786°
0.000° 0.000°

FOLLOWING TARGET 17:11:03 17 JUNE 2022
ANTENNA FAULT O ‘ MANUAL CONTROLS ' STANDBY

Figure 2-34 Setup > Receiver
Specify the type of receiver being used, if any.

(1) On the Antenna Monopulse tab there are functions for diagnostics.
The available functions depend on the type of monopulse receiver that
is selected and are explained in appendices at the end of this
document.
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2.3.2.1 Encoders tab

INMARSAT 3-F2 ¥ RADEUS TEST ACP gogcus

123 MHz -50.4 dBm

eVl 243.102° 15.846°
gl 243.102° 15.846°

s 0.000° 0.000°

FOLLOWING TARGET 17:22:13 17 JUNE 2022

ANTENNA FAULT O . MANUAL CONTROLS . r. I

AZ EL

POSITION 243.102 * POSITION 15 845
A OFFSET OFFSET

ADVANCED RATIO Lu * RATIO L z ( : )

DIRECTION  Faward = DIRECTION

MOTOR 1 Farward - MOTOR 1

MOTOR 2 romen * MOTOR 2

L mewem

Figure 2-35 Setup > Receiver
For each axis, the encoder angle plus its offset equals the actual look
angle (Encoder Angle + Offset = Look Angle the type of receiver being

used, if any.
Required On the Antenna Encoder tab there are fields for configuring the
A position and encoders for each axis.

direction must be . . . . . .
(1) For each axis, select the encoder direction and ratio. The direction

is Forward if a clockwise or up axis motion generates a clockwise turn
of the encoder shaft. Encoder shaft direction is evaluated when

entered for each
encoder or resolver.

Note: no position looking at the face of the encoder, not at the rear of the encoder.
values can be entered
unless resolvers or Radio defines the number of encoder/resolver-shaft revolutions for

encoders are present.  antenna movement along each axis:

® Default ratio is 1:1
®  Maxcimum ratio is 8:1

(2) For each axis, the encoder offset must be generated.

1. Use the jog controls to point the antenna to a &nown or
referenced look angle (e.g., a known satellites or star’s position,
true north, or the horizon).
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2. If the angles are unknown and there’s no reference, measure
them with an inclinometer, tilt sensor, level (EL), or
compass (AZ).

3. Enter the angles into the Encoders > Position (deg) fields. The
ACU will populate the offset fields

2.3.2.2 Celestial Body mode
The ACU allows pointing and following a few predefined celestial

targets as well as the option to point and follow a custom celestial
body based on ephemeris data.

R ¥ 5200-FIREFLY-TEST zosm?
EL 1000.000 MHz -23.8 dBm 0.8 dB
(a(IZ\8  169.104° 52.567°
MECH 96.353° -0.538°
STANDBY 06:15:41 9 OCTOBER 2023
FAULT 0 J_vanvaccontrots I STANDBY 1

ADDNERSARCES ADD NEW TARGET l Moon l

DEFAULTS

Celestial ~ ELESTIAL BODY

IMMEDIATE

B N  ©!AS ANGLES (DEGREES) POLARIZATION
AMC-21 AZIMUTH 0 o B off +

GALAXY 13 (HORIZONS-1) S ‘ 0 . RECEIVE LEVEL @ 0 dB -50
TEST BEACON FREQUENCY (MHz 0

ECHOSTAR 10 T 10

Figure 2-36 Predefined celestial targets

The custom option allows the user to define a custom target based on
J2000.0 epoch right ascension and declination (RA/Dec). The target
must be a deep-space object with a distance sufficiently far enough to
not be a consideration (distance will be assumed to be infinite).

As with all targets, bias angles can be defined for the custom target.
The target can disable the RF input or allow for the selected RF Input
signal to be monitored during pointing/following.
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A\ Warning

Do not run the Setup
Wizard without
working limit switches
in place on every axis.
Otherwise, the
antenna will drive into
its hard stops and
damage and/or injury
may occur.

A\ Caution

While the wizard runs,
the ACU drives the
antenna to determine
optimal operating
parameters along
each axis. The antenna
will be in motion a
number of times
during this operation.
Even if it pauses,
motions may resume
until the Setup Wizard
concludes.

OPERATION

MODE Celestial +  CELESTIAL BODY

Custom ~

TARGET NAME Cassiopeia-A

POSITION BIAS ANGLES (DEGREES) POLARIZATION SIGNAL

Right Ascension 0 °  AZIMUTH 0 ° PO Off ~  rFINPUT

eclinatio 0 °  ELEVATION 0 . RECEIVE LEVEL @ 0 dB -50
BEACON FREQUENCY (MHz) 0
OW SIGNAL (dB; -10

Figure 2-37 RF Input

2.3.2.3  Wizard tab

The Setup Wizard (see warning notes) can be used to perform the
tollowing tasks:

e Find the position of travel limits on each axis.

® Measure the gear ratio for the AZ and EL axes. This is used
in the velocity control function of the controller.

® Measure the motion parameters to be used on the POL axes
if present.

All settings determined by the Setup Wizard can be edited by
the operator if needed to further optimize the system.

The Setup Wizard may be useful...
® after installing and connecting the ACS
® after significant changes to antenna or drive hardware

® to verify the integrity of a system experiencing issues

2.3.2.4 Requirements, before the Setup Wizard

® The Model 9000 must be installed and connected propetly.

e BE SURE ALL LIMIT SWITCHES ARE TESTED AND
WORKING CORRECTLY — ON EVERY AXIS.

® The antenna must not be tripping any limit switches.
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Setup details

To view or edit
settings determined
by the Setup Wizard,
browse the 9000’s
Antenna tabs.

A\ Required:

all limit switches must
be in place before
running the Setup
Wizard.

OPERATION

® Encoder offsets must be established for each axis (see
section 2.3.2.3 about Setup > Encoders).

2.3.2.5

The Setup Wizard will move the antenna through its full range of
motion — in both directions, along each axis — until it has hit all the
hardware limit switches.

How the wizard works

When the system detects a pre-limit switch, it backs away from it by
two degrees. That new position is the default soft limit for that direction
on that axis. Soft limits can be edited or even disabled on the Antenna Limits
sereen.

After the Setup Wizard discovers hardware limit switch positions and
establishes soft limits for each axis, it measures the axis deadband and
gear ratio.

For the POL axis, it moves back to center to determine the angles and
periods of the motion faults, and the threshold and deadband for the
positioner parameters. It also will calibrate the bump and coast times.
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2.3.2.6 Run the wizard

How long will

it take?

Precise times are antenna-specific. Expect the Setup Wizard to take the time needed to
exercise the antenna fully, along each axis, and to perform any other tasks as described.

First, complete the Setup screens for Site, Options, and Encoders, and
verify the wizard requirements, above.

INMARSAT 3-F2 ¥ RADEUS TEST ACP goc=us

3450.123 MHz -50.3 dBm

ACTUAL v i ot 15.902°

ey 243.158° 15.902°
0.000° 0.000°

FOLLOWING TARGET 17:31:18 17 JUNE 2022

AZ EL
LMITS LIMITS
GEAR RATIO GEAR RATIO

L ke

Figure 2-38  An ACU operator must confirm before the Setup Wizard will run.

(1) Select each function that you desire to run. For example, it is not
necessary to run the POL limit detection if the POL axis limits are
already known.

Select the RUN button.

The wizard will exercise the antenna’s full range of motion along each
axis, and more tasks, to detect vital characteristics. It will report in the
blue status bar, for example:

“Running setup wizard — Seeking AZ CW limit”

When the Setup Wizard has finished, the system will go into Standby.
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A\ Limit Switch
Placement

Place the limit
switches to ensure
safe operation of the
antenna.

Important:

It is the responsibility
of the antenna system
installer to ensure that
the limit switches are
placed in appropriate
locations for safe
operation of the
antenna.

OPERATION

2.3.2.7 Limits tab

INMARSAT 3-F2 ¥ RADEUS TEST ACP socguz R
AZ 23 MHz -50.4 dBm _04 dB

Al

(eI  243.197° 15.941°
e 243.197° 15.941°

4 0.000° 0.000°

FOLLOWING TARGET 17:37:05 17 JUNE 2022
ANTENNA FAULT 0 W vanuaL contros K STANDBY

AZ EL

264999 * uF B467B
96999 * LOWE MIT 6999 *
! _®

ENABLE VELOCITY LIMITS ENABLE VELOGITY LIMITS

@ sTOw B sAvE M CANCEL

Figure 2-39 Setup > Limits, and the Setup Wizard. See below to add the field for
setting up sectors.

The Setup Wizard finds the location of the final limits, pre limits and
velocity limits. The values can be edited by the operator if needed, for
example if the position of the hardware switch is changed, however, it
is recommended to run the Setup Wizard again after any change to the
limit switch positions.

® The velocity limit should be far enough from the pre and final
limits to allow the antenna to decelerate from full speed to the
velocity limit speed before hitting the pre or final limit switch.

® The pre limit should be far enough from the final limit to
ensure the antenna can decelerate to a stop without hitting the
final limit.

® The final limit should be far enough from the antenna’s end of
travel to ensure that the antenna can stop before reaching the

end of travel.
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(1) The Setup Wizard sets a soft limit at 2° before the pre limit switch.
The values can be edited by the operator based on the performance
required for the application. The soft limits can also be disabled if their
use is not required.

(2) The final limits use SS1 on the drives to stop motion in the
direction of the limit switch. After the stop is complete, the antenna
can be moved off of the limit using the manual jog function.

(3) The velocity limits use a PLC function to limit the velocity in the
direction of the limit switch. Velocity limit switches are common on
fast or high inertia antennas to ensure that the antenna can slow from
max speed to a safe speed prior to hitting the pre or final limit
switches. The velocity limit does not stop motion or otherwise inhibit
operation, apart from limiting the maximum axis velocity while the
switch is engaged.

(4) The pre limits use a software stop to stop motion in the direction
of the limit switch. After the stop is complete, the antenna can be
moved off of the limit using the manual jog function.

2.3.2.8 Motor tab

INMARSAT 3-F2 ¥ RADEUS TEST ACP ~ gos=eZ

3450.123 MHz -50.4 dBm

@IV  243.252° 15.994°
il 243.252° 15.994°
0.000° 0.000°

FOLLOWING TARGET
ANTENNA

———

Figure 2-40  Setup > Limits, and the Setup Wizard. See below to add the field for
setting up sectors.

Series 9000™ O&M Manual 65



OPERATION

(1) The motors tab provides status on each of the AZ and EL motors
and the ability to disable individual motors for degraded performance.

(2) The motors tab provides inputs for setting the AZ and EL jog
speed defaults for track and slew speeds. Track speed is not actually
used to limit the speed of the system while tracking but the term is
used for a slow jog speed because of common industry usage.

2.3.2.9 Motion tab

Settings on the Motion tab determine when certain key fault
conditions are asserted by the ACU.

& INMARSAT 3-F2 % RADEUS TEST ACP cageu?

NalV\N  243.317° 16.055°

el 243.317° 16.055°

0.000° 0.000°
FOLLOWING TARGET 17:52:06 17 JUNE 2022

ANTENNA FAULT 0 [ vanuaL contros JK STANDBY
3 EL

AZ

PERIOD 10000 ms PERIOD 10000 ms
TOLERANCE 01 * TOLERANCE 01
ADVANCED RUNAWAY 1 R - N
Sl
RF INPUTS
e FAULT: MAX VELOCITY 3 “/sec FAULT: MAX VELOCITY 3 sac
OPTIONS
FAULT: TIME AT MAX VELOCITY 1] ms  FAULT: TIME AT MAX VELOCITY 1] ms
MO PULSE
ENCODERS
MOTION
POSITIONER '
TIMING

Figure 2-41 Setup > Motion Faults
Settings that influence when certain system faults will be asserted.

For each axis:

® Deriod
How often, in milliseconds, measurements are checked for
the two motion faults, which are:

® Tolerance
If a motion is commanded and the measured angle does not
change by at least the number of degrees entered here, the
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axis-immobile fault 1s asserted. If motion is detected reverse to

the

e commanded direction, by this amount, the reversed fault is
asserted.

® Runaway
If no motion is being commanded but the measured angle
changes by this amount or greater, the runaway fault is
asserted and the ACU cuts off the drive enable. (For details,
see the runaway faults’ descriptions at, for example,
"Azimuth runaway".)

2.3.2.10 Positioner tab

INMARSAT 3-F2 ¥ RADEUS TEST ACP goszul 08

AZ 3450.123 MHz -50.4 dBm

eV 243, 349° 16.085°

R 243, 349° 16.085°
a 0.000° 0.000°

FOLLOWING TARGET 17:55:47 17 JUNE 2022

ANTENNA FAULT 0 l MANUAL CONTROLS l STANDBY

e

11223345

S xea
Figure 2-42 Setup > Positioner

(1) The positioner tab shows the settings to control the pol axis
motors. These settings are set by the Setup Wizard but may be
modified by the operator to optimize performance.

® Deadband
The angle within which the controller will hold the axis.
When the actual angle is within the deadband of a
commanded position, the only antenna motions are
momentary, “bump” adjustments.
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® Ruate — the track speed of the axis calculated by the Setup
Wizard. If the Setup Wizard has not been run, these fields’

values will be zero.

® Motor time — the number of operating hours each motor has
logged. If a motor has been operated before the current
setup, the ACU operator can enter the amount of pre-
existing in-use time. The ACU will increment that as the
system is used. (Motor time is recorded in milliseconds but is
displayed as hours).

2.3.2.11 Timingtab

INMARSAT 3-F2 % RADEUS TEST ACP poamu? 03
3450.123 MHz -50.5 dBm _04 dB

XqIVIYe 243.377° 16.111°
sy 243.377° 16.111°
a 0.000° 0.000°

FOLLOWING TARGET 17:58:52 17 JUNE 2022
ANTENNA FAULT O P _vanuaL controts I STANDBY ) |

AZ EL

BRAKE RELEASE 1000 ms BRAKE RELEASE 1000 T _@
BRAKE SENSE Normal - BRAKE SENSE Marmal S
me :

POL1 POL2

BUMP DURATION 1000 ms BUMP DURATION 1000

BUMP COAST 1000 ms BUMP COAST 1000

TRACK COAST 500 ms TRACK COAST 500 ms
TIMING .

Figure 2-43 Setup > Timing

The timing tab provides settings related to timing for each antenna
axis:

(1) Brake release time for Az and El — the amount of time, in
milliseconds, the brakes require to physically disengage before
movement can be commanded.

(2) Motion time for POL1 and POL2:
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/\ caution:
Standby is not an
emergency function!
In case of an
emergency press the
E-Stop button!

OPERATION

® Bump duration — the amount of time to take a very small,
measurable step in position. The amount depends on the
resolution of the position transducer (encoder or resolver).

® Bump coast time — the wait period to allow the antenna to
“coast” to a stop, after a bump, before initiating another
motion.

® Track coast time — the period to wait after running at track
speed before moving again.

2.3.2 Standby

Figure 2-44  Web interface - Standby mode

Pressing the (1) Standby button on the status bar puts the ACU in
Standby mode after (2) the user acknowledges the intention to prevent
inadvertent interruption of tracking operations

While on standby, the ACU will not command the antenna to move. It
will remain on standby until an operator’s affirmative action takes it
out of standby.
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2.3.3 Manual jog

The ACP Manual Control screen provides user-configurable, manual
jog controls:

2 - ¥ RADEUS TEST ACP 2=smd &
3450.123 MHz -50.5 dBm _05 dB

DT T T T UL,

MANUAL ANTENNA CONTROL 18:07:19 17 JUNE 2022
MANUAL CONTROL FAULT 0 P vanuaccontros I STANDBY ) |
= VW e VO A AAAA AT AN T AT Y WV L A A A e VT AT T WAL WA AN Jog Butions
-
AZIMUTH ELEVATION POL1 POL2
243.451 6.179 44.0 7.3 Motor Speed
m sToP m sToP | sToR W sToP -
= = = [m sror}
Velocity: Veiocity
- - I SLE

— 1
o cow 001+ | @ CwW 4 UP 0.1+ ¥ DOWN ocew | "1 Jeew 5 cow i e Motor M
' ! swiT X

MOTOR CONTROL l
Figure 2-45  Web interface —manual job
A\ Caution Press the (1) manual controls button to see the screen for manual
Only move the control of the antenna. It provides (2) buttons for jogging each axis in

antenna whileyouare  each direction as well as velocity control. Velocity control is variable
sureitissafetodoso. Ly setting the (3) slide bars to the desired percentage of maximum axis
velocity or by selecting the (4) track or slew speed presets.
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A\ CAUTION:

Never leave the
antenna unattended
when it’s moving in
Toggle mode.

A\ CAUTION:

When moving the
antenna with the
GoTo function the
velocity is controlled
by the position and
speed control loops,
not by the manual
control settings so full
speed axis motion is
possible.

OPERATION

B - ¥ RADEUS TEST ACP

3450.123 MHz -50.5 dBm

MANUAL ANTENNA CONTROL 18:07:19 17 JUNE 2022
MANUAL CONTROL FAULT 0 W vanoaccontros JL STANDBY ) |
VA A LA AN AT VA AN T A T Y WY e A A e Y e AV e WA WAL VAN A Jog Butions
|
AZIMUTH ELEVATION POL1 POL2
243.451 6.179 14 73 Motor Sps
Velocity: 5% Velocity: 59
- - EW
9 cow 001+ | € oW 1+ up 0.1° ¥ DOWN - cow 1. e o o] Cow Motor Mode
SWITCH TO AUX
MOTOR CONTROL '
Figure 2-46  Web interface — manual antenna controls

The (1) Momentary/Toggle choice determines how the hardware
buttons move the antenna.

® Momentary: the antenna will move only while the operator is
actively pressing a button.

® Toyggle: pressing a button once starts the antenna moving
along that axis until the stop button is pressed.

Manual control also provides the ability to command a specific angle
on each axis using the (2) GoTo Angle fields.

Soft limits when jogging: The ACU will not allow the antenna to move
past its software-defined (“soft”) travel limits (see section 2.3.2.10,
“Limits”). If the antenna exceeds its limit along any axis, the ACU will
allow the user to drive the antenna back only — not further beyond the
limit.

Hard limits: The system should inhibit motion that drives the antenna
past its hard limits, but if this happens the system sees the hard limit
switch as a safety issue and stops all motion. While the system is in
the limit the system will not drive and the system will need to be
manually moved out of the limit using handcranks.
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2.3.4 Targets

3450.123 MHz  -51.0 dBm

AZ EL
XaVAN  249.032° 21.609°

i 249.032° 21.609°

( H %  INMARSAT 3-F2 l ¥ RADEUS TEST ACP P -

4 0.000° 0.000°

FOLLOWING TARGET 23:06:34 16 JUNE 2022

FAULT 0 MANUAL CONTROLS STANDBY

Figure 2-47  Web interface — target button

Press the (1) target button on the menu bar to set up and operate
targets and tracking modes.

Creating a target in the 9000 system gives a set of editable parameters
for possible pointing and tracking modes. All targets have the option
to use all pointing and tracking modes. The parameters selected
remain persistent across all pointing and tracking modes for the given
target.
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Immediate

Select this, then tap
Track to begin tracking
at the antenna’s
current position. If
the signal level of the
target is above the
low signal threshold
this target will skip the
acquisition phase of
tracking a target and
immediately start
tracking in whatever
mode is currently
selected.

Note: Immediate
cannot be used with
TLE or IESS pointing
modes, because those
associate the satellite
name with the target
profile name. But
Immediate and
Default profile names
cannot be modified,
so separate, new
target profiles must be
created instead.

OPERATION

2.3.2.12 Default and Immediate Targets

- ¥ RADEUS TEST ACP gosse? 3

EL POL1 POL2 3450.123 MHz -52.7 dBm 2 7 dB

243.451° 16.179° 44.0° 47.3°

; YT‘JlW‘.”—Wl"IT,‘L‘H‘m. Wy

158.451° 21.179° -496.0° =132.7° sl

STANDBY 18:19:44 17 JUNE 20

9

TARGETS FAULT O l MANUAL CONTROLS l STANDBY

ADD NEW TARGET EDITING Immediate _

DEFAULTS
IMMEDIATE

BIAS ANGLES (DEGREES) POLARIZATION SIGNAL

RELOAD IESS/TLE @ SIGNAL CHART

Figure 2-48  Web interface — special purpose items

Two special-purpose items are always at the top of the list of targets:

® Defaults
When a user defines a new target, a copy of the Defaults
values is used for its initial settings. To change those preset
values, select this item and tap Edit.

Edited defanlts do not retroactively apply to targets already in the
system. You may edit those individually, described in section

2.3.5.0.
All of the default settings are copied to the new target, not only the

settings currently displayed on the defanlt for the selected tracking mode.
Other tracking mode defaults are copied as well.
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2.3.2.13 Add a New Target

- ¥ RADEUS TEST ACP G 20 o gessi? O
EL POL1 POLZ 3450.123 MHz  -99.9 dBm 49 9 dB

@IV 243.451° 16.179° 44.0° 47.3°
veor R XSRS _

STANDBY 20:19:10 17 JUNE 2
TARGETS FAULT 0 I VANUAL CONTROLS ANDBY
0 PR R SO ADD NEW TARGET _

JEFAULT

Move to Look Angles « ]

LOOK ANGLES (DEGREES) BIAS ANGLES (DEGREES) POLARIZATION SIGNAL
" 0 . . RF-1+
‘g . P - i

0
0 . A ,w
0

IMMEDIATE I

© o © o

Figure 2-49 Web interface - add new targets

To add a new target, press the (1) new target button in the target
menu. The first step is to select the (2) target mode. The details of
each mode are explained in subsequent sections:

Look angles
Longitude
Predictive
Steptrack

TLE (SGP4)
IESS-412
TLE/Steptrack
IESS/Steptrack
Monopulse

Celestial Body
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2.3.2.14 Edit a Target

- ¥ RADEUS TEST ACP goged
{ 3450.123 MHz  -99.9 dBm _499 dB

243.451° 16.179° 44.0° 47.3°
158.451° 21.179° -496.0° -132.7°

STANDBY 20:27:33 17 JUNE 2022

TARGETS FAULT O l MANUAL CONTROLS l STANDBY

ADD NEW TARGET

EDITING INMARSAT 4-F3 L] @ SAVE TARGET

TLE (SGP4) = ] A

BIAS ANGLES (DEGREES) POLARIZATION SIGNAL

— )

RELOAD IESS/TLE & SIGNAL CHART

Figure 2-50  Web interface — edit a target

To edit a target (1) select the target in the target list. All of the target
details appear in the configuration zone. When a field has been edited
it is (2) highlighted so that the operator can clearly see what is being
changed. If the edited value is not valid the field is (3) highlighted in
red text with a description of the problem. When all errors have been
resolved, the operator must save the changes by pressing the (4) save
target button. To discard changes and not save them press the (5) red
x button.
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2.3.2.15 Delete a Target

R - ¥ RADEUS TEST ACP & 2 zes=Z Oy
3450.123 MHz  -99.9 dBm _499 dB

eI 243.451° 16.179° 44.0°
(UZel) 158.451° 21.179° -496.0°

STANDBY 20:27:33 17 JUNE 2022

TARGETS FAULT O . MANUAL CONTROLS . STANDBY

EDITING INMARSAT 4-F3 M B SAVE TARGET

Moo TLE (SGP4) »  SATELLITE NAME INMARSAT 4.F3 -
BIAS ANGLES (DEGREES) POLARIZATION SIGNAL
UTH 0 ™. - REINPUT RF1 =
0 LP- e " 627
0 . BEACON FREQUENCY (MHzZ 3947
0 500

RELOAD IESS/TLE @ SIGNAL CHART =)

Figure 2-51  Web interface — delete target (1)

INMARSAT 4-F3

Are you sure you wanl 1o delete target INMARSAT 4-F37

Figure 2-52  Web interface -delete target (2)

To delete a target (1) select the target in the target list and press the
waste can delete button. A (2) confirmation dialog window will appear.
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Deleted targets cannot be un-deleted. They are permanently lost and must be
recreated from scratch after deletion.

2.3.2.16 Track a Target

INMARSAT 4-F3

Bagin tracking target INMARSAT 4-F3 starting at

AZ=143.004°, EL=47.320°7

Figure 2-53 Web interface -track a target

To track a target (1) select the target in the target list and press the
track button. A (2) confirmation dialog window will appear and also
provides information about where the antenna will be moving to.

2.3.5 Target Pointing Modes

A pointing mode directs the antenna to the target location as determined
by either fixed angles or ephemeris models and actively holds that
position or follows the model.

2.3.2.17 Look angles mode

Move the antenna to the /ook angles entered for the target, then actively

hold.
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& ¥ RADEUS TEST ACP P -

= MU0AZMHz 999¢8m _a0 g 4B
243.451° 16.179° 44.0° 47.3° = =

158.451° 21.179° -496.0° -132.7°

STANDBY 20:49:01 17 JUNE 2022
TARGETS FAULT O l MANUAL CONTROLS . STANDBY
ot EDITING lock angles & _

l. r Move 1o Look Angles - | Tarcer wa look angles

LOOK ANGLES (DEGREES) BIAS ANGLES (DEGREES) POLARIZATION SIGNAL
0 . xzm 0 . Pl <[ e RF-1 -
0 0 LP 50
1} * P 0 . ACOM NEY (M 925
a 0 10

RELOAD IESS/TLE @ SIGNAL CHART

Figure 2-54 look angle modes

Settings for Look Angles targets:

® [lookangles (AZ, EL, POL1, POL2) (degrees)
® Bias angles (AZ, EL, POL1, POL2) (degrees)
® DPolarization Select (LP, CP)

2.3.2.18 Longitude mode

Much like look angles, except the initial angles are computed from
antenna data and the satellite’s box center longitude.
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B - ¥ RADEUS TEST ACP gaseu?

AZ 3450.123 MHz -99.9 dBm -499 dB
243.451° 16.179° 44.0° 47.3° ™ r

158.451° 21.179° -496.0° -132.7°

STANDBY 20:51:27 17 JUNE 2022
TARGETS FAULT O l MANUAL CONTROLS l STANDBY .

[ e Move to Longitude = I ARGET NAME ongitude
POSITION BIAS ANGLES (DEGREES) POLARIZATION SIGNAL

0 * azw o . -l rem RF-1 =

0 0 LP - 50

0 o . ACON it 925

o 10

RELOAD IESS/TLE @ SIGNAL CHART

Figure 2-55  Web interface -longitude mode

Settings for Longitude targets:

® [ongitude (degrees East)

e POL1 and POL2 angles (degrees)
® Bias angles (AZ, EL, POL1, POL2)
® DPolarization Select (LP, CP)

2.3.2.19 TLE (SGP4)

The Series 9000 ACS supports the TLE (NORAD two-line element)
data format for locating a target by using the SPG4 simplified
perturbation model.
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- ¥ RADEUS TEST ACP cageu?
mmwwm,%wm\_499d8

243.451° 16.179° 44.0° 47.3°
158.451° 21.179° -496.0° -132.7°

STANDBY 20:57:47 17 JUNE 2022

TARGETS FAULT O ‘ MANUAL CONTROLS ‘ STANDBY ]

[ " TLE (SGP4) =  SATELLITE NAME anik 1 - |

BIAS ANGLES (DEGREES) POLARIZATION SIGNAL
0 . . REN RF-1 -+

0
0 . ’ £ 1 925
0

Figure 2-56 Web interface -TLE setup

To set up a TLE target select the satellite name from the (1) drop-
down list. The list shows all satellites from the current TLE file that
are visible given the antenna’s location and its soft limit settings.

Next set up the remaining parameters (if applicable) :

Bias angles (AZ, EL, POL1, POL2)
Polarization Select (I.P, CP)
Receive Level (dB)

Beacon frequency (MHz)

Low Signal (dB)

RF Input

2.3.2.20 Requirements for TLE and IESS—412
The ACU auto-updates its TLE and IESS—412 data daily if it has web

access.
® Internet connection to the SCU network connector.
If no internet connection is available:

o The data may be updated over internal I AN.
Click the ACP Menu > System > Quit App to

access Windows and ensure the directory at
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custom TLE or IESS
data, the ACU should
be configured to
disable automatic TLE
download. Otherwise,
any custom TLE data
will be overwritten. To
do this please create a
file named acu.ini in
the C:\Radeus Labs
directory and add the
following line:
[EPHEMERIS]
TLEPATH=0
IESSPATH=0

OPERATION

C:\Radeus Labs is shared with write permission.
Copy geo.txt (for TLE) or satlist.csv (for IESS-412)
into it, from wherever it’s located on the LLAN.

o The data may be transferred via USB drive.
Insert a USB drive containing the data file into the
USB interface on the ACU’s front panel. Use the
ACU’s Windows interface (Click the ACP Menu
Choose Setup > System > Quit App) to copy the
data into C:\Radeus Labs.

o [ESS412 and TLE (SGP4) modes are not available for Default or
Immediate targets. To use either of those modes, first choose
Target > New or edit an existing target.

® FEncoder offsets must be non-zero values.

® The antenna’s coordinates must be set.

The ACU checks the C:\Radeus Labs directory every second for
sources of TLE or IESS data. To force the ACU to use new data,
delete geo-local.txt and supply new TLE data using one of the above
methods.

Whenever any limit changes, the lists of available TLE and IESS-412
targets will update to include only potential targets within the
antenna’s range.

2.3.6

A tracking mode directs the antenna to the target location as determined
by either fixed angles or ephemeris models and then uses the RF signal
to track or automatically peak the antenna.

Tracking Modes

2.3.2.21 Steptrack

Also see section 2.2.4 for the theory of operation

Steptrack is a basic but flexible and robust tracking mode used when a
geosynchronous target requires frequent re-peaking of the antenna to
optimize signal level during the day. Predictive track uses the same
steptrack tracking process but further optimizes it by modeling the
target’s path to reduce the signal loss both between steptrack cycles
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and by allowing fewer steptrack cycles to achieve improved pointing
accuracy. Therefore, predictive track is the preferred method for tracking
geosynchronous targets over steptrack.

& INMARSAT 3-F2 ¥ RADEUS TEST ACP =k
M0.123MHz 99908 40 O 4B

eVl 246.553° 18.617°
il 246.553° 18.617°

0.000° 0.000°
ACQUIRING TARGET 21:35:44 17 JUNE 2022
TARGETS FAULT O l MANUAL CONTROLS ‘ STANDBY

Steptrack - NAME INMARSAT 3-F2

POSITION POLARIZATION SIGNAL STEPTRACK

0 . o E RF-1 « |5 m 0447w

Figure 2-57  Web interface — steptrack mode

The steptrack mode consists of two steps: acquisition and tracking.

Steptrack acquisition uses (1) the satellite’s longitude and inclination as
well as pol angles if using linear polarization (LP) to initially point to
the target. Inclination is used to perform a scan of the predicted path
of the target if needed to find the signal.

The (2) signal parameters are used to initially acquire and then to track
the target:

® Receive level @ 0 dB — an offset to the actual signal level to
make the tracking signal relative to 0 dB at its highest point.

® Beacon frequency (MHz) — the RF frequency of the signal
prior to any down-conversion.

® Low Signal (dB) — a threshold that prevents tracking if the
signal has fallen too far, for example due to heavy weather.
This is relative to the Receive @ 0 dB setting and is limited
to 0 to -20dB.

e RF Input — selection of the active RF input for the target.
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Once acquired, the (3) steptrack parameters are used to track the
target. The following definitions are important to understanding the
step track parameters:

Measurement Step — A position step taken to measure the signal level for
determining the estimated peak location.

Correction Step — A position step taken toward the measured peak
location as a result of the measurement steps.

Steptrack Cycle — A measurement step in both directions and a correction step
performed on both AZ and EL.

Tracking Cycle— A sequence of one or more steptrack cycles performed to
peak the antenna.

® Receive beamwidth (deg) — the calculated full 3dB
beamwidth of the signal. This is based on the antenna
diameter and K-factor set in the antenna settings and the
beacon frequency. This can also be manually changed if a
more precise beamwidth is known.

® Decadband (% BW) — the threshold for successfully ending a
tracking cycle. When the steptrack algorithm determines that
the antenna is pointing within the deadband percentage of
the peak the steptrack cycle is said to have “converged”, the
tracking cycle is stopped, and the antenna remains pointed at
the position of the last correction movement. A smaller
deadband will force the tracking to attempt to be more
accurate however it will also require more steptrack cycles to
achieve the accuracy. Usually, a larger deadband is preferred
since the signal loss due to excessive stepping can degrade
the signal level more than a moderately less accurate peak
detection.

® Step size (Yo BW) — the size of measurement steps the steptrack
algorithm uses to measure signal level during tracking.
Larger steps will make the tracking results more accurate in
the presence of higher signal noise. However, similarly to
setting a small deadband, this will increase the signal loss due
to the tracking motion. The step size should be increased as
much as the RF loss tolerance allows to allow the steptrack
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¢yeles to converge in the presence of noise, this makes the
tracking more robust.

® Max step (% BW) — the limit to the size of correction steps.
When the steptrack algorithm determines the peak position,
the antenna is moved toward the peak, but the motion is
limited by the max step parameter. This prevents erroneous
calculations (due to noise) from causing very large
movements in the wrong direction.

® Max steps per cycle — the limit to how many szeptrack cycles
will be taken in a given fracking cycle. Setting this low will
ensure the antenna is not allowed to “hunt” for the peak for
very long in the presence of high signal noise. However, it
can also cause the #racking cycle to stop before converging. If
the max steps per cycle limit is reached, then the #racking cycle
aborts and the antenna points back to the original angles.

® Tracking cycle time — the time between #racking cycles. When
in the tracking cycle time waiting period, the antenna is
parked at the estimated peak location. Setting this low will
cause increased tracking signal loss due to frequent step
motions but will also allow the system to follow faster
moving targets with less loss in-between fracking cycles when
the antenna is not moving. This should be set to the highest
interval that still ensures that the tracking will keep up with
the motion of the satellite.

® Step below signal (dB) — the signal threshold that will trigger
a tracking cycle during the waiting period set by the tracking
cycle time. Use of the step below signal threshold allows the
tracking cycle time to be increased. In this way #racking cycles
will be initiated “on-demand” when the signal level drops
below the threshold. The step below threshold is a dynamic
threshold meaning that it compares against the highest signal
measured since the convergence of the last #racking cycle. 1f
the signal rises due to clearing weather or RF gain
adjustments, then the threshold rises with it. However, if the
signal drops due to weather or other influences then a lower
threshold will be set at the conclusion of a #racking cycle.
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2.3.2.22 Predictive track

Predictive tracking is preferred over steptrack for geosynchronous satellites that
require periodic re-peaking during the day. It reduces the frequency of
tracking cycles required to keep the antenna satisfactorily peaked at all
times.

Predictive track is a complex tracking mode consisting of acquisition,

model building and model tracking.

Predictive track acquisition uses longitude, inclination and
POL1/POL2 angles to initially point to the target.

Once the target is acquired it begins building a predictive model using
steptrack to follow the target until one full day’s data is stored.

After the model is complete it is used to point to the target— and
adjusted periodically with fresh steptrack data — to predict the target
position.

& INMARSAT 3-F2 % RADEUS TEST ACP gossuz I
3450.123 MHz -99.9 dBm _499 dB

XaV\R  246.553° 18.617°
el 246.553° 18.617°
0.000° 0.000°

ACQUIRING TARGET 21:42:30 17 JUNE 2022

TARGETS FAULT O l MANUAL CONTROLS ‘ STANDBY

Predictive - NAME INMARSAT 3-F2

POSITION POLARIZATION SIGNAL PREDICTIVE

1] * PC *  REINP RF-1+ & o 0.447°

Figure 2-58  Web interface —predictive track

The setup parameters for predictive track are identical to those of a
steptrack target with two additions (1) follow model time which sets
the interval between #racking cycles once a model has been developed
and is in use; (2) reset model history which is used to clear the model if
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it is no longer relevant, for example if the satellite has experienced
significant station keeping maneuvers.

2.3.2.23 Monopulse

The Monopulse tracking mode is the most complex as well as the
most accurate of tracking modes. It is suitable for use on high-
dynamic or well station-kept targets and minimizes the tracking loss by
not taking steps to determine the peak position. See the Theory of
Operation section for information on how the monopulse system
works.

& INMARSAT 3-F2 % RADEUS TEST ACP soszez fY
3450.123 MHz -99.9 dBm _499 dB

XaVIR  246.553° 18.617°
ol 246.553° 18.617°
0.000° 0.000°

ACQUIRING TARGET 21:52:15 17 JUNE 2022
TARGETS FAULT 0 ) | MANLJmTROIS ) | STANDBY

opuise - [ A 1 TLE (SGP4) l
INMPRSAT 3-F2 «

IAS ANGLES (DEGREES) POLARIZATION SIGNAL
[i} . . RFIN RF-1+

o
0 . NCY (M) 3450123
o

RELOAD IESS/TLE eIGNAL CHART

Figure 2-59 Web interface — monopulse target setup

To set up a monopulse target, first select the (1) initial
acquisition mode. Then adjust the (2) acquisition mode
specific parameters. Finally, select the (3) configuration
button to setup the monopulse specific parameters.
Monopulse configuration setup is specific to the type of
monopulse receiver that is used.
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2.3.2.24 CTR-70 Configuration

& INMARSAT 3-F2 % RADEUS TEST ACP sogEuZ
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ol 246.553° 18.617°
0.000° 0.000°

ACQUIRING TARGET 22:00:32 17 JUNE 2022

TARGETS FAULT 0 W vanuacconros [ STANDBY

ADD NEW TARGET Editing INMARSAT 3-F2

SWEEP RANGE 500 kHz

SWEEP CENTER 0 iz P —— _@

N
PLL LOOP 3000 Hz * JAUTOCALIBRATION PERIOD 0
BANDWIDTH

ESTIMATED POSITION FILTER 1 Ha
IF BANDWIDTH 50 kHz T JFREQUENCY

t TRACKING STABILILTY THRESHOLD 01 :

Figure 2-60 Web interface —CTR 70 monopulse configration

The CTR-70 monopulse configuration consists of (1) signal
acquisition parameters and (2) monopulse tracking parameters.
Additionally, a (3) vector chart and (4) additional diagnostics are
provided. The user also has the option to (5) reset the receiver’s
autocal data on demand.

(1) Signal acquisition parameters:

® Sweep range (kHz) — the frequency range the receiver will
use to search for the signal.

® Sweep center (kHz) — an offset to where the receiver will
search for the signal (typically OkHz)

® Anti-sideband — a feature to prevent locking on the sideband
of a modulated beacon.

e PLL loop bandwidth — the bandwidth used in the receiver’s
PLL to lock to the beacon signal. Smaller bandwidths result
in more accurate and stable signals at the cost of longer
acquisition times meaning possibly higher chance of missing
a signal when scanning the antenna. Typically, the largest
value should be used.
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e [I bandwidth — the limit of the bandwidth of the signal
passed from the Tracking Down Converter (TDC) box in
the antenna hub to the CTR-70 tracking receiver. This will
limit the bandwidth of signals that can be tracked using non-
coherent mode.

(2) Monopulse tracking parameters:

® Autocalibration period — the time between CTR-70
autocalibrations. Autocalibration compensates for phase and
gain changes in the cables between the TDC and the CTR-
70 that may occur due to varying temperature during the
day. Setting to 0 disables autocalibration.

e Estimated position filter frequency — the cut off frequency
that filters the monopulse position estimate. Typically, 0.5-
1.0 Hz is a good value.

® Tracking threshold — the limit to position variability that
causes the monopulse tracking to stop. If the standard
deviation of the estimated position rises above this
threshold, then the tracking is disabled and the system goes
into the fall back tracking mode.
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2.3.2.25 CTR-70 Diagnostics

& INMARSAT 3-F2 ¥ RADEUS TEST ACP gogeu?
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TIMING

T —
Figure 2-61 ~ Web interface — CTP-70 diagnostics

Pressing the (4) diagnostics button on the monopulse configuration
screen gives options for optimizing monopulse tracking performance
and diagnosing monopulse tracking problems.
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2.3.2.26 CTR-70 Monitor Table
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Figure 2-62  Web interface — CTP-70 monitor table

The monitor table shows all of the parameters that the CTR-70
maintains for diagnostic purposes. Most of these are not needed most
of the time however they are made available in case of complex
troubleshooting scenarios.
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2.3.2.27 CTR-70 Signal Chart
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Figure 2-63 Web interface —CTR70 signal chart

The signal chart is useful for diagnosing problems peaking the
antenna, for example possible peaking on a sidelobe which will
prevent accurate tracking. As the position changes the chart will show
a line curve depicting the highest signal level measured at a given
position.

The signal chart provides (1) a large chart of signal level and
monopulse error vs. axis position. The axis used on the chart can be
(2) switched between AZ and EL.

Automatic scanning functions are available to scan either (3) a custom
range of positions or (4) a selectable percentage of the 3dB
beamwidth. The (5) speed of the scan can be adjusted to make the
scan more accurate (slower) or faster (less accurate).

Once a scan is complete an automatic function is available to (3) move
to the detected peak. Or the operator can manually input positions in
the goto box and command manually control of the position.
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2.3.2.28 CTR-70 Vector Chart
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Figure 2-64  Web interface —CTR70 vector chart

The vector chart is used to verify monopulse tracking performance
and diagnose problems.

The (1) vector chart displays the EL axis plotted against the AZ or
XEL axes. The vectors plotted on the chart are the EL (blue), AZ (or
XEL) (red) and composite or beam radial (green) error vectors. The
vectors all originate at the current pointing angle of the antenna and
terminate at the location of the estimated target peak for the axis
represented. The information on the chart is also represented by (7) a
table showing the numeric values.

Controls for the vector chart are (2) minimum and maximum angles
represented for each axis, selection of AZ or XEL for the horizontal
axis and a button to automatically center the chart on the current
pointing angles.

(3) Manual jog buttons are available so that the operator can move the
antenna and observe how the vectors respond.

(4) Filter cutoff frequencies are available for both the error vector and
estimated position.
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(5) A table is provided with other parameters that affect the
monopulse tracking:

Phase — the phase correction applied by the autophase
process to align the receiver’s error vectors with the antenna
axes. Channel A is for RX1 and Channel B is for RX2.

XEL Gain / EL Gain — the gain correction applied by the
autocal process to correct the magnitude of the vectors.
Channel A is for RX1 and Channel B is for RX2.

SCALE-X / SCALE-Y — the scale factor that transforms the
error vector from units of voltage to units of degrees in the
XEL (X) and EL (Y) axes.

Scan Offset — the angular distance that the monopulse
acquisition process uses to scan for the peak. Smaller values
will make the autophasing less accurate, but larger values
may saturate the receiver.

Peak Tolerance — the constraint for how close the scan gets
to the peak before performing autophase.

Autophase Offset — the angular distance that the autophase
process uses to move away from the peak for performing
the phase alignhment. Smaller values will make the
autophasing less accurate, but larger values may saturate the
receiver.

Rx BW — display of the beamwidth value for the current
target.

Autocalibration period — the time between CTR-70
autocalibrations. Autocalibration compensates for phase and
gain changes in the cables between the TDC and the CTR-
70 that may occur due to varying temperature during the
day. Setting to 0 disables autocalibration.

Several (6) diagnostic buttons are available to perform various
tunctions to help optimize the monopulse tracking performance:

Track — turns on and off the control loop for following the
monopulse error vectors. This is useful for performing a
“snap on” test: 1) turn off track; 2) manually offset from the
peak in one or both axes; 3) verify that the vectors point
generally toward the target; 4) turn on track and observe the
path the antenna takes to get to the peak location. If it
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significantly overshoots, then the gain may need to be
decreased; if it spirals up to the peak then the phase
adjustment may be poor and should be redone; if does not
track to the peak at all then autophase may not have been
performed or may have been interrupted by a signal anomaly
or some other disruption and should be repeated.

® Phase Step +/- 90 — apply either +90- or -90-degtee offsets
to the receivers phase adjustment. When a 90-degree offset
is applied the vectors should rotate by approximately 90
degrees. A complete circle of the vectors back to their
original location should be observed with 4 presses of the
+90 button. This verifies proper configuration of the
monopulse RF system. If the vector rotation is not close to
90 for each press of the button, then it is likely that the RF
teed, amplifier, conversion, or phase adjustment circuit is
not configured or operating propetly.

® Reset Autophase / Autocal — set the automatically calculated
phase and gain values to zero. This can be useful to put the
system back to a known state but will not result in a system
that is ready to track.

® Sclect Target — choose a new target to diagnose.

® DPoint to Target — move to the look angles of the chosen
target.

® Pecak on Target — perform an automatic cross scan to peak
on the target.

® Autophase — move to the autophase offset and adjust the
phase alignment. When autophase is complete, the EL error
vector should be approximately 0.
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2.4 System-Fault Conditions

See safety information in “Important Precautions” before proceeding.

WARNING

A Disconnect power in case of any emergency.

The Series 9000 ACP notifies users visually and with an optional audio
tone if it detects a fault condition.

- % RADEUS TEST ACP goasnE
EL POL1 POL2 3450123 MHz -49.9 dBm

alV\N  245.170° 13.465° 44.5° 44.5°

Rx1 Coherent

MONOPULSI

ezl 160.170° 18.465° -495.5° -135.5°

STANDBY 15:33:01 20 JUNE 2022

Active Faults

No Active Faults
¥ ACKNOWLEDGE
x CLEAR
AUDIBLE FAULT ALERTS

Figure 2-65 A warning and fault description(s) are displayed, and an optional
warning tone issued, if the ACU detects a fault condition.

2.4.1 Faults and System Standby

If any of the following fault conditions lasts two seconds or longer,! it
may force the ACU into standby:2

U This delay can prevent some transient conditions from halting otherwise normal

operations.
2 l.e., it cuts power to the motors.
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Azimuth runaway (pg. 110)

Azimuth immobile (pg. 111)

Azimuth reversed (pg. 111)

Azimuth encoder fault (pg. 111)
Azimuth CCW soft travel limit (pg. 112)

Azimuth CW soft travel limit (pg. 112)
Azimuth motor controller fault (pg. 112)
Azimuth travel limit switch tripped (pg. 112)

Azimuth/Elevation brake fault (pg. 112)
Elevation encoder fault (pg. 112)
Elevation runaway (pg. 112)

Elevation immobile (pg. 113)

Elevation reversed (pg. 113)

Elevation encoder fault (pg. 113)
Elevation lower soft travel limit (pg. 113)

Elevation upper soft travel limit (pg. 113)
Elevation motor controller fault (pg. 113)

Elevation travel limit switch tripped (pg. 113)
Polarization runaway (pg. 113)

Polarization immobile (pg. 113)

Polarization reversed (pg. 114)

Polarization encoder fault (pg. 114)
Polarization select in wrong position (pg. 114)
Polarization CCW soft travel limit (pg. 114)
Polarization CW soft travel limit (pg. 114)
Polarization travel limit switch tripped (pg. 115)
Emergency stop pressed (pg. 115)
Maintenance override at drive cabinet (pg. 115)
Soft travel limit disabled (pg.115)

Travel limit switch tripped (pg. 115)

No power at drive cabinet (pg. 115)

Halted at PMCU (pg. 115)
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Low tracking signal level (pg. 115)

Unstable tracking signal level (pg. 116)

IOC communication failure (pg. 116)

IOC firmware update failed (pg. 116)

ENC communication failure (pg. 116)

ENC firmware update failed (pg. 117)

RDC communication failure (pg. 117)

RDC firmware update failed (pg. 117)
Ephemeris/TLE/IESS data file needs update (pg. 118)
Fault condition forced standby (pg. 118)

Receiver communication failure (pg. 118)

Receiver not running (pg. 118)

Receiver not locked (pg. 119)

Beacon frequency out of range (pg. 119)

Drive cabinet network interface misconfigured (pg. 119)
Orbital tracking limit (pg. 119)

Sun outage (pg. 120)

PMCU firmware update failed (pg. 120)

Contact Radeus Support if you have one of the following faults
Azimuth CCW velocity limit
Azimuth CW velocity limit
Azimuth CCW prelimit
Azimuth CW prelimit
Azimuth motor communication failure
Azimuth not zeroed
Azimuth motor program downloading
Azimuth stow pin
Azimuth max velocity error exceeded
Azimuth controller initialization abort
Azimuth hand crank engaged
Elevation motor controller fault
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Elevation down velocity limit

Elevation up velocity limit

Elevation down prelimit

Elevation up prelimit

Elevation not zeroed

Elevation motor program downloading
Elevation stow pin

Elevation max velocity error exceeded
Elevation controller initialization abort
Elevation hand crank engaged
Polarization motor communication failure
Polarization not zeroed

Polarization motor program downloading
Polarization encoder fault

Polarization 2 CCW limit

Polarization 2 CW limit

Drive disabled at control panel

No power at drive cabinet

Drive cabinet door open

JPB communication failure

JPB firmware update failed

Can't access settings file

Can't access tracking history file
Polarization select in wrong position
TLE ephemeris data file needs update
IESS ephemeris data file needs update
SCU communication failure

Steptrack inhibited for ranging

Error in IESS ephemeris data
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2.4.2 Respond to a Fault Condition

When the system reports a fault, you may:

1. Mute the fault alert:
On the Home screen, tap Fault once to mute the alert.

2. Investigate and resolye:
Resolve any issue indicated by a fault message. The meaning
of each fault message is discussed in section 2.4.3.

3. Clear the fault(s) and resume:
Press the Fault button again to clear the fault status.

If a fault condition is still detected, the system will re-assert
the alert message.

2.4.3 Fault Messages & Causes

System fault messages are described below, with some potential causes
and remedies. (Also see “Faults and System Standby.”)

2.4.3.1 "Azimuth runaway"

The ACU has detected that the axis is moving but the ACU is not
commanding it to move. The ACU responds by de-asserting the drive-
enable line to the drive cabinet. May put system in standby.

Common causes:
® Stuck drive command relay

e Malfunctioning position transducer

2.4.3.2 "Azimuth immobile"

The axis is being commanded to move, but it is not moving. May put
system in standby.

Common causes:

® Motor and/or motor controller is not producing enough
torque to move the axis.
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® DPosition transducer has become decoupled from the
structure.

2.4.3.3 "Azimuth reversed"

The axis is reporting movement in the opposite direction to which it is
being commanded to move. May put system in standby.

Possible causes:

® On the Setup > Encoders screen, the direction value needs
to be reversed.

® Motor is wired incorrectly.
2.4.3.4  "Azimuth encoder fault"
The encoder is reporting invalid values. May put system in standby.
Possible canses:
® Electrical noise corrupting the encoder signals
® Encoder hardware malfunction
Verify that the encoder is connected and that the pinouts are correct

2.4.3.5 "Azimuth CCW soft travel limit"

The axis drove past a software-defined travel limit. It may be driven
only in a direction that brings it back within its soft limits.

2.4.3.6 "Azimuth CW soft travel limit"
See preceding.

2.4.3.7 "Azimuth motor controller fault"

The motor controller has faulted and must be reset to resume
operations. May put system in standby.

Common cause:

® Misconfiguration of the motor controller, resulting in
exceeding its operational limits.
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2.4.3.8 "Azimuth travel limit switch tripped"

The travel-limit switch has been engaged. The drive cabinet interface
does not tell which limit was exceeded; however, that should be
obvious from observing the antenna’s position. Because the ACU
doesn’t know which limit was exceeded, it does not inhibit motion in
either direction as a result of this error. May put system in standby.

This shouldn’t happen after the ACU is properly configured, because a
soft limit should be reached before the limit switch is engaged.

2.4.3.9 "Azimuth/Elevation brake fault"

This fault means that the status of the brake and the command coming
trom the system do not match. May put system in standby.

2.4.3.10 "Elevation runaway"

See section 2.4.3.1, "Azimuth runaway". May put system in standby.

2.4.3.11 "Elevation immobile"

See section 2.4.3.2, "Azimuth immobile". May put system in standby.

2.4.3.12 "Elevation reversed"

See section 2.4.3.3, "Azimuth reversed". May put system in standby.

2.4.3.13 "Elevation encoder fault"

See section 2.4.3.4, "Azimuth encoder fault". May put system in
standby.

Verify that the encoder is connected and that the pinouts are correct
(see Appendix Error! Reference source not found.).

2.4.3.14 '"Elevation lower soft travel limit"

The axis drove past its software-defined tracking limits. Now it may be
driven only in the direction that brings it within its limits.

2.4.3.15 "Elevation upper soft travel limit"
See preceding.
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2.4.3.16 "Elevation motor controller fault"

See section 2.4.3.7, "Azimuth motor controller fault". May put system
in standby.

2.4.3.17 "Elevation travel limit switch tripped"

See section 2.4.3.8, "Azimuth travel limit switch tripped". May put
system in standby.

2.4.3.18 "Polarization runaway"

See section 2.4.3.1, "Azimuth runaway". May put system in standby.

2.4.3.19 '"Polarization immobile"

See section 2.4.3.2, "Azimuth immobile". May put system in standby.

2.4.3.20 "Polarization reversed"

See section 2.4.3.3, "Azimuth reversed". May put system in standby.

2.4.3.21 '"Polarization encoder fault"

See section 2.4.3.4, " Azimuth encoder fault".

Verify that the encoder is connected and that the pinouts are correct

2.4.3.22 "Polarization select in wrong position"

If the system detects the CP/LP (circular POL/linear POL) setting is
incorrect — based on POL-3 and POL-4 limits> CIB 110-112 and
CIB 100-102 — it will attempt #p 2o five times to move the feed to the
correct position, after which this fault will be asserted, and no further
movement will be attempted until an operator clears the fault.

To restore proper operation, the CP/LP feed must be repositioned:
1. Manually position the feed at the antenna to CP or LP.

2. At the ACU, select Home > Manual and choose the position
(CP or LP) that corresponds to the feed.

3 POL3 and POL4 are labeled on the I0C board in the drive cabinet.
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3. Back at the Home screen, double tap the Fault button.

4. Verity that the fault clears.

2.4.3.23 "Polarization CCW soft travel limit"

See section 2.4.3.5, "Azimuth CCW soft travel limit".

2.4.3.24 "Polarization CW soft travel limit"

See section 2.4.3.6, "Azimuth CW soft travel limit".

2.4.3.25 "Polarization travel limit switch tripped”

See section 2.4.3.8, "Azimuth travel limit switch tripped". May put
system in standby.

2.4.3.26 "Emergency stop pressed"
The emergency stop has been engaged. May put system in standby.

2.4.3.27 "Maintenance override at drive cabinet"

Someone engaged local mode on the PMCU. The ACP cannot
command the antenna until local mode has been de-asserted. May put
system in standby.

2.4.3.28 "Soft travel limit disabled"

The system’s soft travel limits are disabled, which is normal only
during testing and setup. This fault will persist until the soft limits are
re-enabled on the Setup > Travel Limits” screen (Figure 2-39).

2.4.3.29 "Travel limit switch tripped"

In systems with a single summary travel-limit switch status line, this
indicates that one or more axes engaged a travel-limit switch. The
ACU has no way of knowing which limit was exceeded and it does not
inhibit motion. May put system in standby.

2.4.3.30 "No power at drive cabinet"

This fault condition is inferred when all drive cabinet faults occur
simultaneously. May put system in standby.
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2.4.3.31 "Halted at PMCU"

The system was halted via a Portable Maintenance Control Unit.

2.4.3.32 "Low tracking signal level"

The tracking-signal level is too low to perform steptrack operations.
Common causes:

® Not beginning tracking on the target signal main lobe.

® Incorrect tracking receiver frequency.

® Incorrect tracking receiver source selected.

2.4.3.33 "Unstable tracking signal level"

The tracking signal is varying too rapidly to steptrack.

2.4.3.34 "|OC communication failure"

The link between the touch-panel computer’s I/O controller and the
drive cabinet has been severed. The system will de-assert the drive-
enable line.

2.4.3.35 "IOC firmware update failed"

The automatic installation of new firmware on the I/O controller did
not complete successfully. Contact supplier for service or support.

Troubleshooting:
1. Clear the fault and verify system is operating normally.
2. If not, cycle power at the drive cabinet.

3. If issues persist, contact support.

2.4.3.36 "ENC communication failure"

The SCU cannot communicate with the encoder board.

Troubleshooting:

1. Verify the drive cabinet is turned on.
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2. Verify power supplies in drive cabinet are turned on, check
the Ethernet connection(s).

3. Verity IFL from the drive cabinet is connected to the ACU

4. Verity the appropriate position feedback is selected in
Setup > Encoders > Type

2.4.3.37 "ENC firmware update failed"

The automatic installation of new firmware on the encoder did not
complete successfully.
Troubleshooting:

1. Clear the fault and verify system is operating normally.

2. If not, cycle power at the drive cabinet.

3. If issues persist, contact support.

2.4.3.38 "RDC communication failure"

The SCU cannot communicate with the resolver board.

Troubleshooting:
1. Verify the drive cabinet is turned on.

2. Verify power supplies in drive cabinet are turned on, check
the Ethernet connection(s).

3. Verify IFL from drive cabinet is connected to the SCU.

4. Verify the appropriate position feedback is selected in
Setup > Encoders > Type.

2.4.3.39 "RDC firmware update failed"

Automatic installation of new firmware on the resolver-to-digital
converter did not complete.
Troubleshooting:

1. Clear the fault and verify system is operating normally.

2. If not, cycle power at the drive cabinet.

3. If issues persist, contact support.
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2.4.3.40 "Ephemeris data file needs update”
"TLE ephemeris data file needs update”
"IESS ephemeris data file needs update”

The ephemeris data for the selected target is older than 170 hours.
This happens if the SCU loses its internet connection or if ephemeris
data for a target is no longer reliable. To clear the fault:

® Restore the network connection, which will cause the SCU
to update the data. Or...

® Double-tap the Home > Fault button to clear the alerr — if
the issue isn’t addressed, the system may report the fault
again.

2.4.3.41 "Fault condition forced standby"

Standby mode was asserted by the system in response to a detected
tault. Clear the fault condition and resume operation. If the fault
condition still exists, the fault will be re-asserted.

2.4.3.42 "Receiver communication failure"

The SCU application cannot communicate with the tracking receiver.
Possible remedies:
® Check all internal connections.

® [t might be necessary to restart the receiver with a power
cycle.

2.4.3.43 "Receiver not running"

The beacon receiver has not entered run state after being commanded
to do so.

Possible remedy:

® It may be necessary to restart the receiver with a power
cycle.
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2.4.3.44 "Receiver not locked"

The signal level is too low. Move the antenna closer to beam center.

2.4.3.45 "Beacon frequency out of range"

The beacon frequency specified for the selected target is not within the
range of the beacon receiver. Check the beacon frequency and the LO
settings (via Home > Setup > Receiver).

2.4.3.46 '"Drive cabinet network interface
misconfigured"

The IP address of the SCU, on the NIC that connects to the drive
cabinet network, is wrong. 192.168.244.1 is the correct address.

2.4.3.47 "Orbital tracking limit"

The SCU is attempting to track the target along a path bound by the
orbital tracking limit option.

The SCU may partially or completely lose the target’s signal during this
fault condition.

Troubleshooting:
1. Increase the orbital tracking limit.
2. Verity the tracking beamwidth.

3. Disable orbital track by setting the Setup > Options >
Orbital tracking limit to 0.

2.4.3.48 "Sun outage"

The SCU has detected that a sun outage event will occur or is
currently occurring. It will prevent further steptrack cycles until the
sun outage event has passed.

2.4.3.49 "PMCU firmware update failed"
Troubleshooting:

1. Clear the fault and verify system is operating normally.
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2. If not, cycle power at the drive cabinet.

3. If issues persist, contact suppor
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A\ CAUTION:
Maintenance of the
9000 system must
only be performed by
qualified personnel.
Improper
maintenance can
result in hazard to
equipment and
personnel.

SECTION

3 Maintenance

3.1 Cabinet Maintenance

The following maintenance should be performed at least annually:

® The cabinet is equipped with one or more air filters which
should be checked and replaced or cleaned as needed.

® Check to ensure that the cabinet fans are operational.

A

® Power off the cabinet first! Inspect the wiring connections to ensure
the wiring connections are secure, no corrosion or damage has

occurred.

VAN

® Power off the cabinet first! Inspect the mechanical connections to
ensure all hardware is tight.
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3.2 Drive Unit Maintenance

The following maintenance should be performed at least annually:

A\

® Power off the cabinet first! Check system for loose screws and plugs
and tighten if necessary.

A\

® Power off the cabinet first! Clean drive converter from dirt and dust
deposits. Pay attention especially to cooling fins and protective

grid of the fans.

A\

® Power off the 3-phase power first! Check the function of the fans of
the drive converter. The fan must be replaced in case of audible

vibrations or squeak.

3.3 PLC Maintenance

C6 SMART PLC has a battery for storing settings during power off
phases. For a stock temperature of 25°C the lifetime of the battery is
>10 years. If the battery requires replacement refer to the C6 SMART
manufacturer’s instructions in document KEB: 20130559
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4 Service

Caution: Service of the 9000 system must only be performed by qualified personnel.
The 9000 system has no user serviceable parts. Contact Radeus Labs support for
service if needed.
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Appendix 1: Model 9000 ACS Specifications

Subject to change. Details may vary between units. Always refer to specs
current at the time the unit being used was manufactured. Also see the
documentation for any specific system or custom configuration.

Antenna Control Panel (ACP)

Ethernet: Connect to the drive unit’s internal or external
network connections

USB: Connect the keyboard and mouse

Power: Connect the power supply

Tracking Accuracy

Better than 10% receive 3dB beamwidth RMS in steptrack.
Nominally 5% receive 3dB beamwidth RMS with predictive track.
Nominally 3% receive 3dB beamwidth RMS with monopulse track.
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Environmental
Temperature: 0—40° C
Humidity: 95% non-condensing
Electrical
Electronics 100-240 VAC Single Phase
Power:
47-63 Hz
100 W typical
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Appendix 2: Model 9000 Drive Cabinet

11 Operating Environment, Power

Temperature: 0 to 40°C

Humidity: 95% non-condensing

Electrical: 200- and 400-Volt Class, 50—60 Hz, 5-wire
WYE

Electrical-current requirements determined by
motor horsepower.

A-2.1 Mechanical (Cabinet Config)

Height: 727
Width: 48”
Depth: 18”
Weight: 500 Ibs.

Motor size: 1-15 HP standard. Larger sizes available.

A-2.2 Mechanical (Rack Config)

Height: 80” (42RU Cabinet)
Width: 48” (2 Racks Wide)
Depth: 39”

Weight: 250 Ibs.

Motor size: 1-15 HP standard. Larger sizes available.
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Appendix 3: Setup: GD Model 253

Instructions for the General Dynamics tracking receiver:

1. Power-off the Model 253 and set its internal switch S1 to
position 1.

2. Power-on the 253.

3. Set the 253 to REMOTE mode — on the Summary screen,
CONTROL: REMOTE will be indicated.

4. Set the 253’s SERIAL PORT 1 settings to:

a) BAUD: 19200
b) PARITY: NONE
o) DATA: 8

d) STOP: 1

5. Connect the Model 253’s port J1 DATA LINK 1 to
the 9000’s port J4 RS-232.

0. If replacing an existing 7200 unit, use the supplied
null modem and the existing wiring.

7. 1If installing a new 9000, use a straight-through serial cable
(i.e., no null modem required).

8. On the 9000 ACU, ensure that 253 is selected as the Setup >
Receiver > Receiver type.

9. Verify that the frequency set at the 253 is shown on the
9000’s data display.
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Appendix 4: Setup: DTR

1.

2.

Set the DTR to its remote mode using SHIFT+HELP
Set DTR settings for PORT 1 as follows:

a) BPS: 57600

b) NEWLINE: DISABLED
¢) ECHO: DISABLED

d) SHELL: M&C SHELL

Select RESET PORT on DTR

Connect the DTR’s PORT 1 RS-232 to the
9000’s port J4 RS-232

a) If replacing an existing 7200, use the supplied null modem
and the existing wiring.
b) If installing a new 9000, use a straight-through

serial cable (no null modem).

On the 9000 ACU, ensure that DTR is selected as the
Setup > Receiver > Recetver type.

Verify that the frequency set at the DTR is shown on the 9000’s data
display.
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Appendix 5: Setup: Radeus SSC Model 3430

For use with the Model 3430 beacon-tracking receiver.

BEACON RECEIVER

rSaratsn
DG
B

A See the Model 3430 manual for details and important safety notes.

(=) ) (]
el ElE

Figure A-1 For serial communication:

1. Configure the RLL9000 to use the 3430 Serial receiver

SITE

WIZARD

MOTOR

ADVANCED

LIMITS

OPTIONS

RECEIVER

RECEIVER TYPE 3430 Serial

MONOPULSE

Figure A-2

118

Configure RL9000 with thew 3430 Serial Receiver

Connect the BTR’s J2 M&C port to the 9000’s port RS-232.

On the 3430 itself use the LL/R button to enter /ocal mode.

Press the > (right-arrow) button.

Press the + button to select RS-232.

Press the + button to select 19200 baud.

Press the CUR button to exit the menu.

Use the L./R button to enter remote mode.
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For Ethernet communication:

1. Configure the RL9000 to use the 3430 Ethernet receiver

2. Input the IP address for the SSC 3430 that you will connect

to

SITE RECEIVER TYPE 3430 Ethemet - IP Address 0.0.00
WIZARD
MOTOR

ADVANCED

LIMITS

OPTIONS

RECEIVER

MONOPULSE

Figure A-3 SSC3430 Advanced options

3. On the 3430 itself use the I./R button to enter /ocal mode.
4. Press the > (right-arrow) button.

5. Press the > button to select Ethernet

6. Press the CUR button to exit the menu.

7. Use the LL/R button to enter remote mode.
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Appendix 6: Setup: IRIG

Important If the Model 9000 ACU is configured for IRIG-B,* it supports IRIG-B
Connect the IRIG sources that output one of the following:

source before IRIG-B122/B123
B002/B003
B126/B127
B006/B007

If local time is needed, set it through the Windows time manager.

powering-up the ACU.

1. To do so, first quit the ACU application, or minimize it, to
access OS functions — use Setup > About > Quit or
Desktop.

Note: If the time does not update within the first five

minutes of using the ACU, follow the instructions below.

2. Open the IRIG monitoring software, “MbgMon
v3.06.99.13,” via the Start menu.

10:19 AM
AP o0 F M Y = 182019

M

l Meinberg

?  Help (English)

?  Hilfe (Deutsch)

MbgMon v3.06.99.13

CUS

CLaAaAnss, InNnc.

P

l PuTTY

S

,O Search
ﬁ Settings o Q/
RECVCICh T
Figure A-4 This and the following figures demonstrate changing local time if

the Windows time manager is not successful.

* IRIG-Ais an option but must be configured before shipment. Inquire with Radeus Labs.
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3. Right-click on the program and choose to
“Run as administratot’:

M

. Meinberg

?  Help (English)

?  Hilfe (Deutsch)

MbgMon v A=0012

{7 Pin to Start
ﬂi Uninstall
ut

More -
A = Pin to taskbar

Uninstall .
Run as administrator

Open file location

Search

Settings

4. When the program opens:
o Make sure the signal is 100%.
o Check that the clock is synchronized.

o Verify that the Reference time is correct.

Setup  Help
Time Adjustment l Time Service ] Service Events ] windows Time Zone ]

FC system time:  Fr, 30/08/2016 15:06:36.78 Pacific Daylight Time

RFeference clock: TCRRTUSE. S/ 037811012650 (Fw1.08)
State oftime service: disabled

] IRIG In] Diagnosticsl Raw IRIG Data] Hevision]

Fadio Clock: |TCR51 USE. 5/M 037811012650 (P +1.0a) j

Fadio Clock Time: Sa, 01/01/2000 00:18:26.50 UTC+0h
Last Syno MNiA
kMode: Na Input Signal
State: Ref. Time is Imvalid

Signal
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5. If those three are correct, choose Setup > Stop time service.

Setup | Help

SLOpINE e e Service ] Service Events ] Windows Time Zone ]

time: e, 12/10/2016 08:08:11.69 Pacific Daylight Time

NTP service not installed

Lemamzz P oletime: We, 12/10/2016 15:08:11.69 UTC
Reference Time Y Lience: +0.000s
Set board time ... clock: TCRSTUSE, S/N 037811012650 (FvW +1.08)

ervice: active (Time Adjustment: +0.000msys)
Show eventlog

Quit

IRIG In] Diagnostics] Raw IRIG Data] Hevision]

Fiadio Clock: |TCR51 USB. 5/M 037811012650 (P +1.08) j
Fadio Clock Time: We, 12/10/2016 15:08:11.32 UTC
Last Sync: We, 1241042016 15:08:00.00 UTC
tode: Mormal Dperation
State: Synchronized after last RESET
Clock is synchronized

Signat

6. Then choose Setup > Start time service and the system time
should update:

Start time service

e Service ] Service Events
MNTP service not installed

Language ko bive: |F'acific Standard Time Offset: |-0200  h
Reference Time b Live: |Pacific D aylight Time Offzet: |-07:00  h

Set board time ...

Show eventlog econd |Sunda_l.J in |March at |D2:UU:DD

econd |Sunda_l,J in |November at |EI2:DD:DEI

Quit

Radia Clack l IRIG In| Disgnostics | Raw IRIG Data | Revision |

Radio Clock: |TCR51USEL SN 0378711012650 (P 1.08) j
Radio Clock Time: Sa, 01/01/2000 00:21:06.97 UTC+0h
Last Sync: NAA

Mode: Mo lnput Signal
State; Ref. Time is Irvalid

Sighal
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Appendix 7: 1ESS-412 file format

An IESS-412 data file consists of comma-separated values (CSV) for
11 ephemeris parameters and additional parameters supported by
Intelsat Earth Station Standards.s

Excample records:

sat name

nom cob

Epoch

ImO

Im1

Im2

Satellite name

Type: string, unquoted

Nominal Center-of-Box position, nominal orbital
location

Type: decimal number
Range: 0.00 — 360.00

Epoch expressed as a Julian day number

Type: decimal number
Range: 0 —1.7E308

Mean longitude (deg. east of Greenwich)

Type: decimal number
Range: -1.7E308 — 1.7E308

Drift rate (deg/day)
Type: decimal number

Range: -1.7E308 — 1.7E308

Drift Acceleration (deg/day/day)

Type: decimal number

> https://www.celestrak.com/NORAD/elements/supplemental/IESS_412 Rev_2.pdf
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lonc

lonc1

lons

lons1

latc

latcl

lats

124

Range: -1.7E308 — 1.7E308
Longitude Oscillation-amplitude (deg)
Type: decimal number
Range: -1.7E308 — 1.7E308
lonc rate of change, cosine term (deg/day)
Type: decimal number
Range: -1.7E308 — 1.7E308
Longitude Oscillation-amplitude (deg)
Type: decimal number
Range: -1.7E308 — 1.7E308
lons rate of change, sine term (deg/day)
Type: decimal number
Range: -1.7E308 — 1.7E308
Latitude Oscillation-amplitude (deg)
Type: decimal number
Range: -1.7E308 — 1.7E308
latc rate of change, cosine term (deg/day)
Type: decimal number
Range: -1.7E308 — 1.7E308

Latitude Oscillation-amplitude (deg)
Type: decimal number

Range: -1.7E308 — 1.7E308
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lats rate of change, sine term (deg/day)
Type: decimal number
Range: -1.7E308 — 1.7E308

Predicated satellite longitude 170 hours after
epoch

Type: decimal number
Range: 0.00000 — 360.000

Predicated satellite latitude 170 hours after epoch

Type: decimal number
Range: -90.000 — 90.000

NORAD catalog number, NORAD ID, satellite
catalog number

Type: integer
Range: 0 —99999
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IS-34 304

..lons
..—0.0

..0.02
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A-7.1 Example IESS-412 data
Authorized users of related Radeus Labs equipment have access to our

comprehensive IESS-412 data file, which is updated regularly.

Two example records from such a file:

_cob epoch 1m0 Iml 1m2 lonc loncl ..

.00 2458451.50000000 302.0018 0.0034 -0.000586 0.0218 -0.0007..

.50 2458451.50000000 304.4936 -0.0025 -0.000586 0.0118 -0.0007..

lonsl latc latcl 1lats latsl verify lon verify lat norad num
120 0.0005 0.0265 -0.0018 0.0094 0.0010 302.0048 0.0209 38749
99 0.0005 -0.0283 -0.0018 0.0157 0.0011 304.4721 -0.0187 40874
Figure 4-3 Sample data records in IESS-412 format (split onto two lines
here).
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Portable Maintenance
Control Unit (PMCU)

Figure A-5 Portable Maintenance Control Unit (PMCU)

A-8.1 Introduction

The handheld Portable Maintenance Control Unit (PMCU) provides a
means for moving an antenna manually by a user who is around or
near the antenna or its drive cabinet. It can be used to maintain the
antenna and associated systems.
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A-8.2 PMCU in the Series 9000 ACS

Power
The PMCU device operates at 48VDC~52VDC delivered over its

Ethernet connection to the drive cabinet.

Dependency

PMCU buttons except Halt or Local will be ignored if the ACS is in
standby, manual, or tracking mode, or if there is no ACU and the drive
cabinet is in remote mode.

Unplugging

If the PMCU is unplugged after it was in local mode, the DC goes into
remote mode and the ACU is in standby.

Testing

Test mode 1: Press and hold Toggle and AZ CCW (the two upper-left
buttons) while powering up. It sequences through all the LEDs —
press any of those buttons and the LED by it will remain illuminated
while you depress the button. The 7-segment display steps through all
the displays continuously and lights up all the segment.

Test mode 2: Press the two upper-right buttons (SLEW and AZ CW)
Lights up all the LEDs to show all LEDs and segments function.

To exit a test mode, the PMCU must be powered off and back on
(unplugged, then plugged in).

A-8.3 PMCU Controls
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LOCAL

The PMCU must be in Local mode in order to function.® When Local
mode is active, the word LOCAL at the top of the device is
illuminated in green.

e Entering Local mode also changes the drive cabinet to Local mode.

HALT — while in HALT mode...

...the drive cabinet’s LLocal LED blinks and no axis movement can
happen (power is removed from the motors).

...the ACU displays a PMCU fault and a maintenance override fault.

Halt mode can be canceled by pressing the PMCU’s Halt button again
or by pressing drive cabinet’s Local button twice. (Pressing the drive
cabinet’s Local button puts the system into Remote mode; one more
push puts it back into Local mode.)

TOG (“toggle”)

The movement buttons normally cause the antenna to move only
while they are depressed. Toggle mode changes that, so pressing a
direction button starts wotion that will continue until the button is pressed
again.

GO TO ANGLE

A Warning: soft limits will not be respected in this mode.

Press and hold the Toggle (“TOG”) button for one second to activate
go-to-angle mode. The blue LED under it will light and all valid
directional LEDs will blink.

Press the jog buttons to change the commanded display angles — no
motion will take place until...

% The exception is the Halt button, which works whenever the PMCU is connected to the drive
cabinet.
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...pressing the toggle button starts the commanded movement.

Change your mind? When in go-to mode, press and hold toggle for one
second, then release, to cancel and start over. If no change has been
made to the angles and you tap toggle, it exits go-to mode. Returning
to remote mode (pressing Local) or entering halt mode (pressing Halt)
cancels go-to mode and discards any changes to the angles.

This uses the slew threshold and deadband settings specified in Setup
> Positioner.

® The Slew button doesn’t respond in this mode.

PEAK

Reserved for future use.

Will require an ACU signal level.

A-8.4 Indicators & Displays
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1. Local LED on when drive cabinet (DC) is in local mode
2. Signal Level  when connected to ACU, display relative signal level

3. Toggle LED off: system is in momentary (DC or PMCU)
green on: system is in toggle mode (DC or PMCU)
blue blinking: waiting for user to choose move-to angles
blue on: moving to look angle
red blinking: movement interrupted by fault

4, Slew LED on: system is in slew mode (DC or PMCU)
off: system is in track mode (DC or PMCU)

5. AZ CCW on: AZ motor is moving CCW
6. AZCW on: AZ motor is moving CW
7.EL UP on: EL motor is moving UP

8. EL Down on: EL motor is moving Down

9. POL CCW on: POL motor is moving CCW
10. POL CW on: POL motor is moving CW

11. Peak blue LED on: performing peaking function
blue LED blinking: waiting for user to choose
direction/axis to peak
HALT red LED on: peak pressed in unsupported function
red LED blinking: movement interrupted by a fault

LOCAL

n 12, HALT on: system is in Halt mode
13.AZ
14. EL if ACU is present, show offset angles
15. POL

Figure A-6 PMCU labeled buttons
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Appendix 9: ACU Remote Control Methods

The following remote-control methods are supported:

A-9.1 TeamViewer

TeamViewer software enables remote access to the ACU. It
supports both Internet and private network connection.

This remote-control method provides access to the
functions available on the ACU touch panel. Additionally,
tiles can be transferred between the ACU and the device
running TeamViewer.

This software is loaded on all Radeus Labs ACUs.

& TeamViewer o | & | 8 /| B computers & Contacts

Connection Extras Help Feedback

+* Remote Control 44 Meeting

Free license (non-commercial use only) - - Mscrosoft

Allow Remote Control Control Remote Computer

Please tell your partner the following ID and Please enter your partner's ID in arder to control Create a list of your

DS iy id ke to all ot th it MpLt

:;n:'\:;?fdl you woul e 10 Allow remote ® remote computer compu(efs for ffee now.

Partner ID * Manage computers and
[ Your o J 251 008 contacts
? ¥ See the online status of your
tact
m 7721 * Remote control comacs

. » r nt m
File transfer Exchange instant messages

Enter a personal password to access this m
computer from anywhere Connect to partner
Already have an account?

Sign In

@ Ready to connect (secure connection) 4. Computers & Contacts »

Figure A-7 TeamViewer provides remote access to Radeus Labs ACUs.
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£ AMC-1 (GE-1) & West Coast Antenna o= B

1400.000 Mtz
Rx1 Coherent

209.587° 54.772°
209.587° 54.772°
0.000° 0.000°

MANUAL CONTROLS STANDBY ® Acquiring target 100225 11 OCTORER 2021

Figure A-8 TeamViewer’s remote view of the ACU’s display.

If permission is granted, Radeus Labs Support can connect
to an ACU using TeamViewer in order to update software
and provide troubleshooting. By downloading logs and
system parameters, Radeus Labs Support can deliver
tracking performance and diagnostics.

For instructions on how to connect to an ACU using
TeamViewer, refer to TeamViewer - Spontaneous Support
instructions.
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A-9.2 SNMP

The Simple Network Management Protocol (SNMP) allows extensive
ACU control and diagnostics via network connection. It consists of

GET and SET commands to retrieve and configure parameters and to
command actions. Radeus Labs ACUs support SNMP v1,v2c, and v3.

SNMP typically is used for integrating the ACU into Monitor-and-
Control (M&C) systems that provide real-time system information,
tault detection, target scheduling, etc.

GET / SET request

> Master Agent

Manager GET / SET response

Agent 1
Agent 2
Agent 3
Agent 4
Agent 5

GET / SET req.
GET / SET res.

Figure A-9 The SNMP option for remote control uses GET/SET commands.

Management Information Base (MIB) files define the SNMP calls that
can be issued to the ACU for remote control. A copy of these files is
located on the ACU Windows Desktop (see Figure 5-13):

C:\Users\Public\Desktop\MIBS
Updated MIB files are available for download from:

https://www.radeuslabs.com/

Please contact suppor{@radenslabs.com for access.

To use SNMPv3 the system needs to have the authentication
password and privacy password populated in the INI file. When these
tields are populated the system disables SNMPv1 and v2. When
configuring the a device to use SNMPv3 in communication with the
ACU use the Security User Name “RadeuslLabs” the Authentication
Protocol of SHA, and the Privacy Protocol of AES128.
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If you want to control the ACU remotely, you can use SNMP calls
defined in the Management Information Base (MIB) files. These files
are saved on the ACU Windows Desktop:

C:\Users\Public\Desktop\MIBS

Updated MIB files are available for download from:

® https://www.radeuslabs.com/

Please contact support@radeuslabs.com for access.

Wigs € jfeiafetnss Latis

ey

Figure A-10 MIBS Files on the ACU Desktop

To use SNMPv3, you must include the authentication and privacy
passwords in the INI files. If you populate these fields, SNMPv1 and
v2 will be disabled. When you configure a device to use SNMPv3 to
communicate with the ACU use the following:

Security User Name: Radeuslabs
Authentication Protocol: SHA

Privacy Protocol: AES128.
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A93 SNMP Requirements

An Ethernet connection to the ACU rear panel port “E1
NETWORK?” is required for SNMP communication.

[ 2 i
5] &
© *

Figure A-11 Ethernet connection back of the ACU

A94 Commercial M&C software with
Radeus Labs ACU support

The following commercial M&C (Monitor and Control) software offer
M&C solutions for Radeus Labs ACUs:

o Dataminer
o Kratos Compass
« SED Mon-A-Co

A95 Open source M&C software
The following software is freely available for M&C use:

e Cact
e Zabbix
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296 SNMP Tools

The following can help test SNMP communication with an ACU:

« net-snmp — Unix-based command-line utility for walking
the tree, setting and getting values via SNMP.

o SnmpB — GUI-based utility for SNMP communication.

A-9.7  Serial M&C (7200 Request /

Command M&C Protocol)

As a drop-in replacement for the GD 7200 ACU, the Radeus Labs
ACU supports serial remote control. The simple protocol provides
limited ACU control useful in supporting legacy systems or

transitioning from 7200 to Radeus Labs 8000 or 2000 series ACUs.

For more information refer to CG-6042 (Rev. L, Nov. 2005).

A98 Requirements for serial M&C

« A straight-through serial cable must be connected to the
ACU rear panel port |5 RS-232 (DB25F). If using legacy
7200 serial cables, a null modem is required (one ships with
Radeus Labs 8200 ACU Legacy configurations).

For pinout information, please see Appendix A-2.1.

299 Web Interface

If the system is connected to a LAN the interface can be connected to
using a web browser of a computer on the same network. The ip
address to connect will be the ip address assigned to the SCU.

o The system supports a web interface after version 9k-
RC152, which allows users to access an ACP-like interface
from any computer on the same network. This makes it
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more convenient to control the unit or operate it remotely in
unmanned locations.

A-9.10 REST API

This document is for developers who want to use the Radeus Labs
Antenna Control Unit (ACU) RESTful APL It assumes the reader is
familiar with web programming concepts and web data formats.

A-9.11 Before you start

® Obtain the API key for your ACU. This is contained in the
file:

C:\Radeus Labs REST\api-key.txt

The key is unique to each unit and cannot be reused
elsewhere.

® Be familiar with the ACU. The REST API provides a subset
of the capabilities offered by both the ACU itself and the
SNMP management-and-control interface.

The full OpenAPI specification for the ACU RESTful API is
contained in the acu_openapi.yaml file provided by Radeus Labs.

A-9.12 API key

The API key needs to be supplied in the request header for each API
call. The key is placed in the api-key field.
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A-9.13 Testing APl operation

You will need the IP address of your ACU in order to test proper
operation.

Options for confirming that the API is properly deployed and working
include Postman, cutl, and PowerShell’s Invoke-RestMethod but other
tools and methods may be utilized:

Postman — https://www.postman.com/
Curl — https://curl.haxx.se/

Invoke-RestMethod — https://docs.microsoft.com/en-
us/powershell/module/microsoft.powershell.utility/invoke-
restmethod

A-9.14 Get API version

The /version command can be used to verify that the REST API has
been correctly installed and is accessible in your environment. The
tollowing section provides details on how to do this with the most
commonly used tools.

A-9.14.1 Postman

Postman is a full GUI desktop application that can be used for
exploring REST APIs. Installation and operation is beyond the scope
of this document, but this article...

https://learning.postman.com/docs/getting-started/importing-and-
exporting-data/

...describes how you can import the OpenAPI specification into
Postman to streamline the process. Alternatively, you can just issue the
/version request and go from there.

curl

The following command can be used to test with curl:
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curl -X GET https://acu.radeuslabs.com/version

If the domain name entry has not been created or the CA certificate
hasn’t been installed, you can use the following command, substituting

<ipaddress> with the IP address of your ACU:

curl -k -X GET https://<ipaddress>/version

A-9.14.2 Invoke-RestMethod

The following command can be used to test with the Windows
Powershell Invoke-RestMethod command:

Invoke-RestMethod https://acu.radeuslabs.com/version

If the domain name entry has not been created or the CA certificate
hasn’t been installed, you can use the following command’,
substituting <ipaddress> with the IP address of your unit:

Invoke-RestMethod -SkipCertificateCheck
https://<ipaddress>/version

All commands, including the script can be run in a non-administrative
session.

A-9.14.3 SSL CA certificate

The API can be used to retrieve the public CA certificate that was
used to sign the SSL certificate used by the ACU. This certificate can
be installed on your local machine to ensure the identity of the ACU.

It can be requested at the following endpoint:

https://acu.radeuslabs.com/certificate

" The -SkipCertificateCheck parameter was added in PowerShell 6.0.0. If you are using an

earlier version, you can use the Invoke-RestMethod-SkipCertCheck.ps1 script provided by
Radeus Labs.
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A-9.14.4 ACU domain name entry

In order for the certificate to work, a local DNS entry is needed in
either your /etc/hosts file or
C:\Windows\System32\drivers\etc\hosts file, depending upon your

operating system.
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Appendix 10: Advanced Configuration - acu.ini

The text file acu.ini consists of key-value pairs. It is used to configure ACU
options not exposed by the system’s GUI.

A-10.1 File location

In the ACU’s host OS, the file is located at:

C:\Radeus Labs\acu.ini

A-10.2 Default acu.ini
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Caution: Use extreme caution when making any change to this file. Its
default contents when shipped:

[EPHEMERIS]
TLEPATH=
JTESSPATH=

[SNMP]
READ_COMMUNITY=
\WRITE_COMMUNITY

TLEPATH

Used to specify an alternate web location for the ACU to
request TLE ephemeris data.

The web server must not be password protected and must be
accessible by the ACU over HT'TP (not HT'TPS).

The file must follow the NORAD Two-Line Element Set Format.
The ACU checks this location every 24 hours for updated ephemeris

data, making a local copy. The ephemeris file served does not need to
be named geo.txt.

Type: string, unquoted

Example IESS path (any space character must be encoded as %20 as
shown below):

TLEPATH=http://the.domain.com/file%20trepository/ ... [more
path] ... /geo.txt
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IESSPATH

Used to specify an alternate web location for the ACU to
request IESS-412 ephemeris data. An Ethernet cable must be
connected to the rear-panel port labeled:

The web server must not be password protected and must be
accessible by the ACU over HT'TP (not HTTPS).

The file must conform to spec; see “Appendix 11: IESS-412 file

format.”

The ACU will check this location every 24 hours for updated ephemeris
data, making a local copy. The ephemeris file served does not need to
be named satlist.csv.

Type: string, unquoted

Example IES'S path (any space character must be encoded as %20 as

shown below):

IESSPATH=http://the.domain.com/file%20repository/ ... [more
path] ... /geo.txt

A-10.3 Disable automatic TLE download
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When providing custom TLE files by means such as LAN or USB (see
section 2.6.3.1), the ACU can be instructed to disable download-ing
TLE so the custom TLE files are not overwritten. The following entry
should be used for this purpose:

TLEPATH=0
IESSPATH=0

[SNMP]

READ_COMMUNITY

Specify a read community string for SNMP (v1 &
v2c) GET requests. If this is not specified, the
ACU will accept any community string for GET
requests.

Example:

READ_COMMUNITY=public

WRITE_COMMUNITY

Specify a write community string for SNMP (v1 & v2c)
SET requests. If this is not specified, the ACU will
accept any community string for SET requests.

Example:

WRITE_COMMUNITY=private
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Appendix 11: Web Interface Installation

A-11.1 Download and Install

o Visit the Radeus Labs website to access the Web Interface download:
e https://www.radeuslabs.com/.

e Ifyou encounter any issues with access, contact Support@radeuslabs.com
for assistance.

o Download the file and make a note of the download location.

o Locate the downloaded file and double-click it to initiate the installation

- o X
< Downloads X +
& T~ C J > Downloads > Search Downloads Q
@ New T Sort O View (B Details
v Today |
@l Desktop
<L Downloads
8 -
3 Documents
14 Pictures RL8200-WEB-Set
up-003-2.1.11
1) Music
i Videos
305 items = ’El

Figure A-12 Open the Web Interface Download

o During the installation, you may encounter prompts asking for your
consent to install the interface. Be sure to accept these prompts if you
want to proceed.
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| ri‘l Setup - RL9000-WEB-Setup-032 version 2.1.11 — x
Ready to Install "F_
Setup is now ready to begin installing RLS000-WEB-Setup-032 on your computer, (U\jl
o

Click Install to continue with the installation.

Install Cancel

Figure A-13 Installation Prompt

o Click the "Install" button, and the necessary files will be installed on your
computer.

NOTE: Part of this
installation includes a
blue dialog box. Once
this box closes, you
can proceed with your
work.

Figure A-14 Blue dialog box when installing the Web Interface

o Click Finish to complete the installation.

A-11.2 Opening the Web Interface
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NOTE: Make sure the
Radeus Labs ACU
software is running on
your computer. If it's
not running, start it
using the instruction
found in.

APP

Figure A-15 Radeus Labs ACU Software Icon on Desktop

ENDICES

Open your computer's Network & Internet settings and select
either Wi-Fi or Ethernet, depending on your internet connection

method.

% Home

B System

Bluetooth & devices

Network & internet

#  Personalization

B Apps
[ ]
-

Accounts

‘P Time & language

Gaming

I.' Accessibility

W/ Privacy & security

@ Windows Update

Figure A-16 Network & Internet Settings

148

o Access the properties of your selected Wi-Fi or Ethernet connection and

copy the IP address.
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Network & internet > Wi-Fi >

Q Public network (Recommended)
Your device is not discoverable on the network. Use this in most cases—when connected to a network at home, work, or in a public place.

Private network

e network. Select this f you need file sharing or use apps that communicate over this network. You should know and trust the
ork

Configure firewall and security settings

Metered connection

off @ )
Some apps might work differently to reduce data usage when you're connected to this network
Set a data limit to help control data usage on this network
Random hardware addresses
Help protect your privacy by making it harder for pecple to track your device location when you connect to this network. The setting off ~
takes effect the next nect to this network
1P assignment: Automatic (DHCP) Edit
DN server assignment: Automatic (DHCP) Edit
SSID: Copy
Protacol:
Security type:
Manufacturer;

Description:

Driver version:

Network band

Network channel

Link speed (Receive/Transmit)

Link-local Pv6 address:

IPv4 address: 192.168.1.8
1Pv4 DNS servers:

Physical address (MAC)

Figure A-17 Find your IP address

o Openyour web browser and paste the copied I[P address into the address
bar. Then, press "Enter."

@ paste the url in the - Google X +

& c @ 193.168.1.8

Figure A-18 Paste IP address in the address bar

o Before it will open, you may receive a dialog box warning that you are
about to open a non-secure website. Follow these steps to proceed:

o Click "Advanced."

o Click "Proceed to (IP address) (unsafe).”
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A

Your connection is not private

Attackers might be trying to steal your information from 192.168.1.9 (for example,
passwords, messages, or credit cards). Learn more

NET:ERR_CERT_AUTHORITY_INVALID

Q To get Chrome's highest level of security, turn on enhanced protection

Hide advanced Back to safety

This server could not prove that it is 192.168.1.9; its security certificate is not trusted by
your computer’s operating system. This may be caused by a misconfiguration or an
attacker intercepting your connection.

Proceed to 192.168.1.9 {unsafe)

Figure A-19 Proceed with unsafe Network

o The Web Interface will open and be ready for use.

H - STOP ¥ -

0.000 MHz

STANDBY 11:43:56 19 OCTOBER 2023
FAULT O MANUAL CONTROLS STANDBY

Figure A-20 Web Interface Home Page

150 Series 9000™ O&M Manual



APPENDICES

Series 9000™ O&M Manual 151



APPENDICES

Figure 1-1
Figure 1-2
Figure 2-1
Figure 2-2
Figure 2-3
Figure 2-4
Figure 2-5
Figure 2-6
Figure 2-7
Figure 2-8
Figure 2-9
Figure 2-10
Figure 2-11
Figure 2-12
Figure 2-13
Figure 2-14
Figure 2-15
Figure 2-16
Figure 2-17
Figure 2-18
Figure 2-19

Figure 2-20

152

Appendix 12: List of Figures

Antenna Control Pannel (ACP) (front) ....cccevvveeeeeeeieiccnnveenenenen. 9
Back of the ACP and the power button. ........cccoccveviiviineenns 10
System block diagram ........coeveviiiiiiniiiiee 11
Drive Unit 1 with panels open. .....cccccveeeiviiieeiiiieee e 13
Drive Unit 1 panels closed ........ccccvveeiieieiniieeeecieee e 14
Drive UNIt 2 ..ceiieiiii et 15
SCU Panel (tOP) veveeevrieeeiiiiieeeesiiee et ee e e e e e 17
SCU Panel BOttom .....ceoeiiiiiiiiiiieeiee e 18
PLC PNl ...ttt 19
DIiVE Pan@l ...ttt 21
Single motor control diagram .......cccccceeviviiiieeeenciiie e 25
Single Motor drive SYStemM .....cccveeeeeieiieiiiireeeee e, 26
Control system tuning objective .......ccccveeeeeeeiecciiiieeeeeeeeeene, 29
Beam pointing chart.......cccceeeee e, 32
Steptrack parameters chart ......cccccceeeeeecciiiieeeeee e, 34
Steptrack tracking convergence chart .......ccccceeeeevcviiiennennn. 35
Monopulse 4-Horn Feed ........oooceeiiiiieeeeieeecceeeee e, 38
Monopulse TE21 CoUPIEr ... 39
Monopulse tracking error channel null ............cccccoeeennnnee. 40
Tracking the error channel to the 0-voltage point ................ 41
Two channel monopulse diagram.........cccoeecciiiiieeeeeeecccnnnee, 42
Single channel monopulse diagram..........cccccceeeeieicciiieneennn. 44

Series 9000™ O&M Manual


file:///C:/Users/kneek/Documents/Radeus/MAN-007%20OM-9000/MAN-007%20OM-9000-8250%20(Master).docx%23_Toc150675855

Figure 2-21
Figure 2-22
Figure 2-23
Figure 2-24
Figure 2-25
Figure 2-26
Figure 2-27
Figure 2-28
Figure 2-29

Figure 2-30

Figure 2-31

Figure 2-32

Figure 2-33

Figure 2-34

Figure 2-35

Figure 2-36

Figure 2-37

APPENDICES

Monopulse error signal chart ........ccccceeveeevcccie e, 45
Monopulse position estimator ........ccccceeevecciiieeeeee e, a7
First order low pass filter step response ........ccccveeeeecvveeenns 48
ACP SCrEEN ...eeeviiiiiiiiei ettt 49
Web Interface - home screen .......c.ccoeveercieeiieniesieeeene 50
Web Interface -real-time display ......ccccceeeviveeeecciiee e, 50
Web Interface - status bar .......ccceeieiiiiiiini 51
Web Interface - operation and configuration zone................ 52
Web Interface - antenna settings .......ccccoevvveeeinciiee e 53

Antenna > Site Setup for required settings specific to
10T 1 (=1 ¢ o PR 54

Web Interface - Alerts tab. ... e eeeeeeeeeeeee e 55

Orbital tracking limits constrain antenna maneuvers

to the analemma trajectory of the GEO target

satellite. This can help avoid accidentally tracking any

other nearby satellites. .....ccovveeeieiieiiciie e 56

Setup > Receiver For each axis, the encoder angle

plus its offset equals the actual look angle (Encoder

Angle + Offset = Look Angle the type of receiver

being used, if aNY. ...cooocviiieeeee e 57

Setup > Receiver Specify the type of receiver being
USE, If ANY. et 58

Setup > Receiver For each axis, the encoder angle
plus its offset equals the actual look angle (Encoder
Angle + Offset = Look Angle the type of receiver

being used, if aNY. ..o, 59
Predefined celestial targets .......cccovveeeeeiieecciiiieeeee e, 60
RE INPUL e e e e e eaees 61

Series 9000™ O&M Manual 153



APPENDICES

Figure 2-38

Figure 2-39

Figure 2-40

Figure 2-41

Figure 2-42
Figure 2-43
Figure 2-44
Figure 2-45
Figure 2-46
Figure 2-47
Figure 2-48
Figure 2-49
Figure 2-50
Figure 2-51
Figure 2-52
Figure 2-53
Figure 2-54
Figure 2-55
Figure 2-56
Figure 2-57

Figure 2-58

154

An ACU operator must confirm before the Setup
Wizard Will FUN. oo 63

Setup > Limits, and the Setup Wizard. See below to
add the field for setting up sectors. ........cccceeeeecvveeeecceneeeenen, 64

Setup > Limits, and the Setup Wizard. See below to
add the field for setting up sectors. ........cccceeeeeveeeecciieeeeenne, 65

Setup > Motion Faults Settings that influence when

certain system faults will be asserted............ccccuvveeevrenennenn. 66
LY (0T oI o 1Y 1 o] 1= 67
SELUP > TIMING .evvvvviiiiiiiiiiiiiiiiiirieiereierrrerrrrrar—————————————— 68
Web interface - Standby mode........ccccceeeviiieieiiiiiei e 69
Web interface — manual job .......cccoeeiieiiniiiieice e, 70
Web interface — manual antenna controls.........ccccccocveeneenne. 71
Web interface — target button.......ccccceevivciieeiinciice e, 72
Web interface — special purpose items ......ccccceeeeevecvvvennnnnnn. 73
Web interface - add new targets......cccoccevvveeeeeeeeeeiccnrreeennnn. 74
Web interface —edit atarget.....cccccceeeecccineeeeee e, 75
Web interface — delete target (1) .....cooevevvrvveeeeeiieiccireeeeee, 76
Web interface -delete target (2) ...ceeevvevevivveeeeeeeieiireeeee, 76
Web interface -track a target.....ccccceeeeeecciireeeeeeeeeereeeee, 77
100K aNgle MOAES ........cuuvrreeeeeeeeeereeee e 78
Web interface -longitude mode........cccocevvrvveeiiiiieicccnnrenennen. 79
Web interface -TLE S€tUP....ccccviiiiieeeie e, 80
Web interface — steptrack mode ........ccccovviiieeiiiiiicciiieee, 82
Web interface —predictive track ........ccccovviieeeiiiieicciieee, 85

Series 9000™ O&M Manual



APPENDICES

Figure 2-59 Web interface — monopulse target setup......ccccccvveeeecineeenns 86
Figure 2-60 Web interface —CTR 70 monopulse configration................... 87
Figure 2-61 Web interface — CTP-70 diagnostiCs ......ccccvveeeeiiivieeeeeiiieeens 89
Figure 2-62 Web interface — CTP-70 monitor table..........cccccvveeeeenneenns 90
Figure 2-63 Web interface —CTR70 signal chart.........ccccoeeeeviiiieeiciiienens 91
Figure 2-64 Web interface —CTR70 vector chart........ccccceeeeeciieeeicciieeens 92
Figure 2-65 A warning and fault description(s) are displayed, and

an optional warning tone issued, if the ACU detects a

fault condition......coocuieeiiiiiiie 95
Figure A-1 For serial communication: ........cccccceeeeeei e, 118
Figure A-2 Configure RL9000 with thew 3430 Serial Receiver.............. 118
Figure A-3 SSC3430 Advanced options.......cccceeeeeeccvrireeeee e cccieneeeeeenn, 119
Figure A-4 This and the following figures demonstrate changing

local time if the Windows time manager is not

SUCCESSTULL e 120
Figure A-5 Portable Maintenance Control Unit (PMCU).........cccocuuuee.e. 127
Figure A-6 PMCU labeled buttons.......ccoovecciiiieieeeee e, 131
Figure A-7 TeamViewer provides remote access to Radeus Labs

ACUS. ..ttt 132
Figure A-8 TeamViewer’s remote view of the ACU’s display................ 133
Figure A-9 The SNMP option for remote control uses GET/SET

COMMANGS. ..ttt s 134
Figure A-10 MIBS Files on the ACU DeSKEOP ......uveveeeeeeieeiirrereeeeeeeeieinreeeeeeeen 135
Figure A-11 Ethernet connection back of the ACU.......ccccovvvveeeeiiiiiicinrreennnen. 136
Figure A-12 Open the Web Interface Download .........cccovvvveeeeeeiieiccinvveennnen. 146

Series 9000™ O&M Manual 155



APPENDICES

Figure A-13 Installation Prompt.......ccccceeeiiieccciiieeeee e, 147
Figure A-14 Blue dialog box when installing the Web Interface .................... 147
Figure A-15 Radeus Labs ACU Software Icon on Desktop .......cccceeevveeeecnnneenn. 148
Figure A-16 Network & Internet Settings ......ccccceveeee e e, 148
Figure A-17 Find your IP @ddress .......eeeeeieiieccciiiieeee e e 149
Figure A-18 Paste IP address in the address bar.......ccoeccvivveeeeeiieccciieeeee, 149
Figure A-19 Proceed with unsafe Network.........ccoeeeeeiieiiiccec e, 150
Figure A-20 Web Interface HOme Page ......ccccuvvvveeeei e, 150

156 Series 9000™ O&M Manual



APPENDICES

Appendix 13: Description of CE Symbols

Certain symbols important to the European Union CE mark are used
in this manual and may be placed on equipment.

General Warning or Caution:

The Exclamation Symbol designates an area where personal injury
or damage to equipment is possible.

Electrical Shock:

The Electrical Shock Symbol indicates a hazard arising from
dangerous voltage. Any mishandling could result in irreparable
damage to equipment, and personal injury or death.

European Union CE Mark:
The presence of the CE Mark on our equipment indicates it has
been designed, tested, and certified as complying with all
applicable European Union (CE) regulations and

recommendations.

Waste Electrical and Electronic Equipment (WEEE):

Indicates it is the user’s responsibility to dispose of waste

according to local laws. The separate collection and recycling of

waste equipment at the time of disposal will help conserve

natural resources and ensure it is recycled in a manner that
_ protects human health and the environment.
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