M2 Antenna Systems, Inc.
Model No: ACU-X2PFM(PB)-F115
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Comrmcied is ACUSe 1I21BA 0808002 0100w 22 JO388 UL ERSITZ

SPECIFICATIONS:

MODEL NUMBER .......cooiiiiiiieiiiiie e ACU-X2PFM(PB)-F115

POWER REQUIREMENTS ......cttiiiiiiiieiiiee et 115 VAC @ 15 A

ENCLOSURE SIZE L=19.0" / W=14.5" /| D=5.88"

ENCLOSURE RATING PELICAN CASE 1550

COLOR ...ttt FLAT BLACK

POINTING ACCURACY <0.03°

READOUT ACCURACY <0.001°

MINIMUM COMMANDED MOTION <0.001°

CONTROL SWITCHES. ..ot Elevation Jog Control (Up & Down Momentary)

Azimuth Jog Control (CCW & CW Momentary)
Reference Return (Momentary)

ELECTRONIC ENCLOSURE MODES.........ccccccceeivieniene Run Mode Via GUI / Maintenance Mode
COOLING 300 Cubic Foot-Per-Minute Thermostatically Controlled Fan
STANDARD OUTPUT VOLTAGES........cccoceiiieiiieiiienieens AZ/EL=48VDC @ 125 A

ONBOARD COMPUTER VOLTAGE........ccccoiiiiiiiieeeees 5VDC @ 3 A
COMPUTER INTERFACE

FEATURES:

The M2 ACU-X 2PFM(PB)-F115 “Antenna Control Unit” is a Commercial grade computer controlled system designed for
quick deployment and to control a series of our M2 multi axis pedestals including the AE1000S and AE1000SCB Housed in
the Pelican Case 1550® is the main switching power supplies for the Pedestal, Computer controls and thermostat for simple
cooling. The housing is a Pelican Case 1550® with rubber gaskets and screened ventilation ports. Jog controls for both
Elevation, Azimuth and Reference Return can be run in the “Maintenance Mode” inside the enclosure. The M2 ACU-X2PFM
(PB)-F115 controller has options for 110 VAC or 230 VAC. The ACU-X2PFM-(PB)F115 software system is designed around
the open source LINUX based operating system. Developed for M2 by (TCS) Telecommunication Systems, a world leader in
highly reliability products for the Aerospace, Military, and Industrial markets.
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OVERVIEW ELECTRONICS ENCLOSURE

M1 AZ/EL POSITIONER
JOG CONTROL

P5P-600-48
100-240VAC _ 6.2A

INPUT:

ITEM

DESCRIPTION

ITEM

DESCRIPTION

1

(Local) Jog Control and Reference Panel, used
for local movement and homing of the antenna
at the positioner.

6

Thermostat used to control fan, can be set
degrees from 32-140F

Interlock Switch, when door is open the system
goes into a maintenance mode which locks out
any remote control and provides control to the
Jog Control and Reference panel shown in item
1

AC circuit breaker, 16 amp

+48 VDC power supply for motor drive systems

Twist ON/OFF switch.

+5 VDC power supply for ACU (item 5)

Antenna Control Unit (ACU)




OVERVIEW ELECTRONICS ENCLOSURE CONTINUED

ITEM

DESCRIPTION

9

Emergency Stop button. Located on the right bottom side of the Pelican Case 1550®. Used during safe-
ty issues where the AZ/EL Pedestal assembly runs past a limit or is near an obstruction.

10

Main power input plug. 120VAC @ 15 amps. (5 Pin)
A supplied AC cable assembly has been included.

11

AZ/EL Pedestal Motor Cable input. (7 Pin)
A supplied 50’ cable assembly has been included.

12

Computer Interface (Ethernet Connection)

13

Computer Interface (RS232 Connection)




MAIN OVERVIEW GUI AXIS CONTROL

The main screen (GUI) display used for operator control. Operation of
each of the controls is described further in the Operations section of
the manual.

M2 AZ/EL/POL Positioner .
Status Detail | Configuration
Elevation Polarization Azimuth
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Connected to ACU on 192.168.0.50:5002 |2010-Dec-22 JD:356 UT: 13:13:05




DESCRIPTIONS AND DEFINITIONS (ELEVATION)

Elevation

| Standby Velocity | Position | _Stovﬂ | Explanation of these items

e | continued in Operation section

ITEM

DESCRIPTION OF INDICATORS AND CONTROL (ELEVATION)

Positioner operational area shown in Green.

Red numbers indicated antenna position error, compared to commanded position. This read out is
applicable for Position and Track modes.

3| Green needle is analog representation of actual antenna position in degrees.

Blue needle is analog representation of antenna speed in degrees. Down speed shown as negative
number and up speed shown as positive number.

Cable wrap indicator.

Green digital readout provides actual antenna position

White digital readout provides the antenna Commanded position in Position and Track modes; in
Velocity mode it indicates the commanded degrees per second. Additional information for the antenna
command position functions are described in the Antenna Operation section of the manual.

Red digital readout indicates position error, which is the difference between the actual position and the
commanded position.

White numbers scale indicate antenna position in degrees.

10

Red needle is an analog representation of position error for the Position and Track modes.

11

Blue numbers indicate antenna speed in degrees. Elevation down speed shown as negative number and
up speed shown as positive number.

12

Red zone indicates antenna non-operational area.
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DESCRIPTIONS AND DEFINITIONS (AZIMUTH)

| Azimuth —

_ | | 3 Explanation of these items
P P e r Stow 2 i continued in Operation section

DESCRIPTION OF INDICATORS AND CONTROL (AZIMUTH)

Positioner operational area shown in Green.

Red numbers indicated antenna position error, compared to commanded position. This read out is
applicable for Position and Track modes.

3| Green needle is analog representation of actual antenna position in degrees.

Blue needle is analog representation of antenna speed in degrees. Down speed shown as negative
number and up speed shown as positive number.

Cable wrap indicator.

Green digital readout provides actual antenna position

White digital readout provides the antenna Commanded position in Position and Track modes; in
Velocity mode it indicates the commanded degrees per second. Additional information for the antenna
command position functions are described in the Antenna Operation section of the manual.

Red digital readout indicates position error, which is the difference between the actual position and the
commanded position.

White numbers scale indicate antenna position in degrees.

10

Red needle is an analog representation of position error for the Position and Track modes.

11

Blue numbers indicate antenna speed in degrees. Elevation down speed shown as negative number and
up speed shown as positive number.

12

Red zone indicates antenna non-operational area.
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DESCRIPTIONS AND DEFINITIONS (POLARIZATION)

.f-_§£éﬁdﬁg il PDSlth[L_IM Stow 1 _j:.
Home _jJ Cal :“ Track ”I

 Dperate || fe

Fz Enebled || Az Ok
 ElEmbled | ElOk
|| Pol Disabled ||  Pol Ok

—Control -

' RTINS | Explanation of these items
Rl | continued in Operation section

ITEM

DESCRIPTION OF INDICATORS AND CONTROL (POLARIZATION)

1

Positioner operational area shown in Green.

2

Red numbers indicated antenna position error, compared to commanded position. This read out is
applicable for Position and Track modes.

3| Green needle is analog representation of actual antenna position in degrees.

Blue needle is analog representation of antenna speed in degrees. Down speed shown as negative
number and up speed shown as positive number.

Green digital readout provides actual antenna position.

White digital readout provides the antenna Commanded position in Position and Track modes; in
Velocity mode it indicates the commanded degrees per second. Additional information for the antenna
command position functions are described in the Antenna Operation section of the manual.

7 | White numbers scale indicate antenna position in degrees.

Red needle is an analog representation of position error for the Position and Track modes.

9 | Blue numbers indicate antenna speed in degrees. Polarization down speed shown as negative number

and up speed shown as positive number.

10

Red zone indicates antenna non-operational area.




PEDESTAL SETUP AND CONFIGURATION

M2 AZ/EL/POL Positioner R —
Axis Control ‘Status Detail

Pedestal ‘Azimuih ‘Elevation \Po[arization _

o

Definition __ : —

Name: | M2 Az/El Pedesta Axis Count: |

Configuration :

Latitude: ‘ 43.00000 Degrees North Pitch: | 0.00000 Degrees

Longitude:| -71.00000 Degrees East Roll: 0.00000 Degrees

Altitude: ‘ 0.00000 Meters ASL Heading:: 0.00000 Degrees
|
|
|
|
|
|

Get Configuration Send Configuration | Write Configuration |

Connected to ACU on 192.168.0.50:5002 2010-Dec-22 JD:356 UT:13:13:39

CONFIGURATION (PEDESTAL)

LATITUDE Enter location degrees NORTH PITCH 0.00000 fix location
LONGITUDE Enter location degrees EAST ROLL 0.00000 fix location
ALTITUDE 0.00000 fix location HEADING 0.00000 fix location




AZIMUTH AXIS SETUP AND CONFIGURATION

Axis Control | Status Detail

Pedestal = Azimuth ?Elevation | Polarization

Definition -

Axis Name: Gear Ratio:

Configuration -
Lower Limit: -185.00000 Degrees Upper Limit: 185.00000 Deg/Sec”2
Max Velocity: 6.00000 Deg/Sec Max Accereration: 12.00000 Deg/Sec”2

Position Offset: 0.00000 Degrees Max Current: 100.00000 Percent

Stow Position 1: 0.00000 Degrees Stow Position 2: 90.00000' Degrees

ACU Prop Gain: 2_00000- /sec ACU Diff Gain: 0.00000

ACU Int Gain: 0.10000 /deg/sec ACU Int Limit: 1.00000 deg2
ACU Vel FF: 1,00000- Max Motor Error: 32000_00000.

Motor Prop Gain: |  200.00000 /sec Motor Diff Gain: | 550.00000

Motor Int Gain: 28.00000 /deg/sec Motor Int Limit: 20.00000 deg”2
Motor Vel FF: 0,00000. Motor Grav Offset: 0.00000

Stow Tolerance: 0.01000 Backlash Comp: 15.00000. Counts

0.00000 Degrees
0.00000 Hz

Limit Switch Offset: | -190.00000 Degrees Prox Switch Location:

Tracking Filter:

Get Configuration Send Configuration Write Configuration

Connected to ACU on 192.168.0.50:5002 |2010-Dec-22 JD:356 UT:13:13:55

CONFIGURATION RANGES (AZIMUTH)

DESCRIPTION RANGE DESCRIPTION RANGE
Lower Limit -360.0 to 360.0 degrees Upper Limit -360.0 to 360.0 degrees
Max Velocity 0.0 to 10 deg/sec Max Acceleration 0.0 to 20 deg/sec”2

Position Offset

-360.0 to 360.0 degrees

Max Current

0.0 to 100 percent

Stow Position 1:

-360.0 to 360.0 degrees

Stow Position 2

-360.0 to 360.0 degrees

IACU Prop Gain 0.0 to 200.0 ACU Diff Gain 0.0 to 200.0
ACU Int Gain 0.0 to 200.0 ACU Int Limit 0.0 to 100.0
ACU Vel FF 0.0 to 200.0 Max Motor Error 0.0 to 32000.0

Motor Prop Gain

0.0 to 1000000.0

Motor Diff Gain

0.0 to 1000000.0

Motor Int Gain

0.0 to 1000000.0

Motor Int Limit

0.0 to 1000000.0

Motor Vel FF

0.0 to 1000000.0

Motor Grav Offset

0.0 to 200.0

Stow Tolerance

0.0 to 1.0 degrees

Backlash Comp

0.0 to 1000.0

Limit Switch Offset

-360.0 to 360.0 degrees

Prox Switch Location

-360.0 to 360.0 degrees

Tracking Filter

0.0 to 100.0 Hz




ELEVATION AXIS SETUP AND CONFIGURATION

Axis Control | Status Detail

Pedestal | Azimuth Elevation | Polarization
Definition — _
Axis Name: Gear Ratio:
Confiquration
Lower Limit: -5.00000 Degrees Upper Limit: 90.00000 Deg/Sec”"2
Max Velocity: 6.00000 Deg/Sec Max Accereration: 12.00000 Deg/Sec”2

Position Offset: 0.00000 Degrees Max Current: 100.00000 Percent

Stow Position 1: 90.00000 Degrees Stow Position 2: 0.00000 Degrees

ACU Prop Gain: 2.00000 /sec ACU Diff Gain: 0.00000

ACU Int Gain: 0.10000 /deg/sec ACU Int Limit: 1.00000 deg”2
ACU Vel FF: 1.00000 Max Motor Error: 32000.00000

Motor Prop Gain: 200.00000 /sec Motor Diff Gain: 550.00000

Motor Int Gain: 28.00000 /deg/sec Motor Int Limit: 20.00000 deg”2
Motor Vel FF: 0.00000 Motor Grav Offset: 0.00000

Stow Tolerance: 0.01000 Backlash Comp: 15.00000 Counts

Limit Switch Offset: | -10.00000 Degrees Prox Switch Location: 45.00000 Degrees

Tracking Filter: 2.00000 Hz

Get Configuration Send Configuration Write Configuration

Connected to ACU on 192.168.0.50:5002 2010-Dec-22 JD:356 UT:13:14:09

CONFIGURATION RANGES (ELEVATION)

DESCRIPTION RANGE DESCRIPTION RANGE
Lower Limit -5.00 to 0.00 degrees Upper Limit 45.00 to 90.00 degrees
Max Velocity 0.0 to 10 deg/sec Max Acceleration 0.0 to 20 deg/sec”2

Position Offset

-5.00 to 90.00 degrees

Max Current

0.0 to 100 percent

Stow Position 1:

0.00 to 90.00 degrees

Stow Position 2

0.00 to 90.00 degrees

IACU Prop Gain 0.0 to 200.0 IACU Diff Gain 0.0 to 200.0
ACU Int Gain 0.0 to 200.0 IACU Int Limit 0.0 to 100.0
IACU Vel FF 0.0 to 200.0 Max Motor Error 0.0 to 32000.0

Motor Prop Gain

0.0 to 1000000.0

Motor Diff Gain

0.0 to 1000000.0

Motor Int Gain

0.0 to 1000000.0

Motor Int Limit

0.0 to 1000000.0

Motor Vel FF

0.0 to 1000000.0

Motor Grav Offset

0.0 to 200.0

Stow Tolerance

0.0 to 1.0 degrees

Backlash Comp

0.0 to 1000.0

Limit Switch Offset

-5.00 to 0.00 degrees

Prox Switch Location

-5.00 to 100.00 degrees

Tracking Filter

0.0 to 100.0 Hz
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POLARIZATION AXIS SETUP AND CONFIGURATION

= M2 AZ/EL/POL Positioner ——_
Axis Control | Status Detail '

Definition
Axis Name: |

Configuration
Lower Limit:
Max Velocity:
Position Offset:
Stow Position 1:
ACU Prop Gain:
ACU Int Gain:
ACU Vel FF:
Motor Prop Gain:
Motor Int Gain:
Motor Vel FF:
Stow Tolerance:

Limit Switch Offset: |

Pedestal | Azimuth | Elevation

Polarization |

.5.00000 Degrees
6.00000 Deg/Sec
0.00000 Degrees
0.00000 Degrees
2.00000 /sec
0.10000 /deg/sec
1.00000
200.00000 /sec
28.00000 /deg/sec
0.00000
0.01000
-10.00000 Degrees

Gear Ratio: |

Upper Limit:

Max Accereration:
Max Current:
Stow Position 2:
ACU Diff Gain:
ACU Int Limit:
Max Motor Error:
Motor Diff Gain:
Motor Int Limit:
Motor Grav Offset:
Backlash Comp:

Prox Switch Location:

Tracking Filter:

110.00000 Deg/Sec"2

i 12.00000 Deg/Sec’2
i' 100.00000 Percent
[ 90.00000 Degrees
| 0.00000

| 1.00000 deg2

| 32000.00000

| 550.00000

i 20.00000 deg’2

' 0.00000

| 15.00000 Counts

| 0.00000 Degrees
| 2.00000 Hz

Get Configuration Send Configuration Write Configuration

Connected to ACU on 192.168.0.50:5002 2010-Dec-22 JD:356 UT: 13:14:22

CONFIGURATION RANGES (POLARIZATION)

DESCRIPTION RANGE DESCRIPTION RANGE
Lower Limit -5.00 to 0.00 degrees Upper Limit 45.00 to 100.00 degrees
Max Velocity 0.0 to 10 deg/sec Max Acceleration 0.0 to 20 deg/sec”2

Position Offset

-5.00 to 100.00 degrees

Max Current

0.0 to 100 percent

Stow Position 1:

0.00 to 100.00 degrees

Stow Position 2

0.00 to 90.00 degrees

IACU Prop Gain 0.0 to 200.0 IACU Diff Gain 0.0 to 200.0
ACU Int Gain 0.0 to 200.0 IACU Int Limit 0.0 to 100.0
IACU Vel FF 0.0 to 200.0 Max Motor Error 0.0 to 32000.0

Motor Prop Gain

0.0 to 1000000.0

Motor Diff Gain

0.0 to 1000000.0

Motor Int Gain

0.0 to 1000000.0

Motor Int Limit

0.0 to 1000000.0

Motor Vel FF

0.0 to 1000000.0

Motor Grav Offset

0.0 to 200.0

Stow Tolerance

0.0 to 1.0 degrees

Backlash Comp

0.0 to 1000.0

Limit Switch Offset

-5.00 to 100.00 degrees

Prox Switch Location

-5.00 to 100.00 degrees

Tracking Filter

0.0 to 100.0 Hz

11




DEFINITION OF CONFIGURATION TERMS

DEFINITION OF CONFIGURATION TERMS

PARAMETER DESCRIPTION

Lower Limit Minimum allowable position for axis. Software will not move the axis past this angle unless it is in the
homing procedure. Typically this setting is the physical location of the limit switch (factory setting).

Max Velocity The is the maximum speed in degrees/second that the ACU will move the axis.

Position Offset This offset is added to the axis angle to provide a reported angle. This offset may be used to change
the zero point of the axis if desired.

Stow Position 1: Position that the axis moves to when a stow 1 command is received by the ACU.

IACU Prop Gain The ACU implements a simple PID controller to attempt to smooth tracking commands. This is the
proportional gain for the controller.

IACU Int Gain The ACU implements a simple PID controller to attempt to smooth tracking commands. This is the
integral gain for the controller.

IACU Vel FF \Velocity feed forward factor. It should be set to zero to disable ACU velocity feed forward and to 1 to
enable it.

Motor Prop Gain The motors themselves implement a PID controller when in motor move mode. This is the
proportional gain for the controller.

Motor Int Gain The motors themselves implement a PID controller when in motor move mode. This is the
integral gain for the controller.

Motor Vel FF \Velocity feed forward factor. It should be set to zero to disable motor velocity feed forward and to 1 tg
enable it.

Stow Tolerance \When commanded to a stow position, the axis will be disabled once it is less than this distance from
the desired stow position.

Limit Switch Offset Offset from the CCW or down limit switch from the zero position of the axis, this is basically a

software off set in degrees from the limit switch. This can be also used to adjust the “0” degree point.

Upper Limit Maximum allowable position for axis. Software will not move axis above this angle.

Max Acceleration This is the maximum acceleration at which the axis will be drive by the ACU.

Max Current This is the maximum current command that will be given to the motor. It is in units of percent of max-
imum motor current capability.

Stow Position 2 Position that the axis moves to when a stow 2 command is received by the ACU.

IACU Diff Gain The ACU implements a simple PID controller to attempt to smooth tracking commands. This is the
differential gain for the controller.

IACU Int Limit The ACU will not let the integrator of the PID controller exceed this amount. This prevents integrator
windup and reduces axis overshoot.

Max Motor Error The motor will fault if the error gets larger than this number.

Motor Diff Gain The motors themselves implement a PID controller when in motor move mode. This is the differential
gain for the controller.

Motor Int Limit The motor will not let the integrator of the PID controller exceed this amount. This prevents integrator
windup and reduces axis overshoot.

Motor Grav Offset This is an offset in torque provided to an axis depending on direction. It is intended to be used tg
offset the effects off gravity in the elevation axis.

Backlash Comp Not currently used.

Prox Switch Location |Not currently used.

Tracking Filter This filter is applied to the position command during the tracking operation to smooth axis motion.

12



POSITIONER INSTALLATION/TRUE NORTH

SETTING UP THE AZEL1000 POSITIONER FOR NORTH STOP ORIENTATION

(Figure 1) shows the AZEL1000 Positioner in a North Stop Orientation. This is typically as close as possible to a
True North heading. North Stop Orientation allows movement from —185° to + 185° through North. Once mounted
onto the support pole, the Azimuth portion can be adjusted by loosening the two 3/8 bolts on the bottom clamp
section (Figure 2).

Note in (Figure 1) that the Elevation portion is configured in the “Bird Bath” orientation. Nominally this is 90° for
ease of assembling the dish to the box frame.

Note that both the Azimuth & Elevation assemblies can also be adjusted via the ACU GUI. Details on the minor
adjustments are covered in the Operation, Home Position AZ and EL Offset pages in this manual.

13



CONNECTIONS AND STARTUP

POSITIONER CONNECTIONS

This section covers the basic start up once the positioner is in place.
« Positioner Connections

o Positioner Reference (Home) the system position

« Remote ACU (computer) basic operation

Connect each of the cables as shown below in the diagram. In the case of cable W2, the straight
connector end of the cable is routed through from the top of the Elevation/Azimuth housing as shown
(FIGURE 3 BELOW)

INTERCONNECTING CABLE DIAGRAM

Polarization
Axis Elevation Axis Azimuth Axis
(if applicable) | pq P 1 P
] g B e we B2,
L P2
Attached
AC P Cord
NEMA 5-15P[ =y
To customers Elec.  J1l 1 W1
- -
120VAC/15amp Enclosure
power source




CUSTOMER COMMUNICATIONS INTERFACE

CUSTOMER CONNECTIONS:

Standard Ethernet RJ45 connectors, no cross over cable is required if a hub is not used. IP default
addresses are shown in the drawing bellow. RS232 connections are also provided. Refer to Appendix
A for the Interface Control Document (ICD)

TYPICAL ETHERNET CONNECTIONS SHOWN WITH DEFAULT IP ADDRESSES

**Factory Default ACU
IP Address shown
Antenna System IP address Customer
Electronics 192.168.0.92 Computer
Enclosure Satellite Track
PS—— : H Data
i ACU u
...................... b
ACU IP address Customer
GUI IP address GUI
192.168.0.93

ITEM| DESCRIPTION

1| Computer Interface (Ethernet Connection)

2 | Computer Interface (RS232 Connection)

15



SETTING UP CONTROL COMPUTER

INTRODUCTION

The M2 Antenna System is shipped preconfigured to require a minimal system to operate. As delivered the
system requires no hard disk installation and will run completely out of RAM. The minimal system requirements
are:

1) Laptop or desktop computer containing x86 or AMD processor with at least 512M of RAM
2) Built in CD player and / or USB 2.0 port.
3) BIOS that allows the setting of the USB drive or CD-ROM as the boot disk.

Installation to hard disk is optional, or the user can choose to integrate the software with an existing Linux based
system. As delivered, the ACU image, the executable GUI, and non volatile storage resides on a 4 GB flash
memory stick.

OVERVIEW

The M2 Tracking System is designed to be a mid-performance, low cost tracking system allowing direct control
over the antenna through a variety of tracking modes. The software provides low level antenna operations and a
user friendly GUI interface. This is split between the local real time (jog) controller at the pedestal and the user
interface at the control computer. The control computer has the minimum requirements listed above.

User Control 2

\_\

Real Time Control Electronics

[

User Control 1

16



DEFAULT OPERATING SYSTEM

STARTUP

To validate the control computer system operation, you must perform the following steps:

STEP OPERATION

1| Plug the flash memory stick into the computer’'s USB port and power up the system.

2 [ Power up the computer pressing F2 or <Delete> (depending on the system) to set the BIOS parameter
allowing the system to boot from the inserted media.
* NOTE ** The flash stick will save updates locally on the stick only.

3| The boot screen should appear on the monitor.

DEFAULT OPERATION SYSTEM

The default operating system is a distribution of Linux called Puppy Linux. This was released by Barry Kaul in
2005 and has the unique feature of running in RAM. This makes the system very responsive, quick to boot, and
uses a small footprint. This is configured to provide general purpose GPL tools as well as the M2 Control
Program. The environment provides the user with documentation tools, screen capture tools, web browser and
other useful utilities. After the previous section, it is necessary to configure the display and network for proper
operation. The following diagram shows the layout of the memory stick:

GParted Edit View Device Partition Help
L \/dev/sdb (1.95GiB) v

- """ L m TF

| /dev/sdb1 /dev/sdb2 /dev/sdb3

290.97 MiB 1007.00 MiB 694.00 MiB

' ..... y E—— L . A o ‘

Partitiop File System Mount Point Size Used Unused
/dev/4db1 L fat16  /media/5313-BB4F 290.97 MiB 2§8.20MiB  32.77 Mil
Jdev/4db2 CLUM ext3 /media/d29e14db-d61a-4d75-9073-F85beabcOc14 1007.00 MiB 738.01 MiB 278.99 Mil
/dev/ddb3 €. fat32 /media/FBF5-9fA2 694.00MiB  |0.58 MiB 683.42 Mil
ACU LOAD AREA SYSTEM CONTROL OS AND USER STORAGE AREA

OPERATIONAL ENVIRONMENT (WINDOWS AND LINUX)
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COMPUTER DISPLAY SETUP

DISPLAY CONFIGURATION

The first step is to configure the display for the computer the software will be written on:

STEP |OPERATION

1 | After boot, the video wizard is displayed (see Figure 2)

2 | Select “Probe”

S — Ll A e L B
to the Puppy Uideo Wizard!?
(or just "X') is software that will run Puppy in graphics mode,
is, display a desktop with windous, mouse, etc. Xorg has a dozen
so drivers for specific video hardware, and if you choose the <Probes

| button then the Wizard will attempt to determine the correct driver for
your video hardware.

With some hardware there is no specific driver, or maybe there is one
but it doesn’t work (or doesn’t work properly), in which case you can
fall back to the generic 'vesa’ driver. The Wizard will offer to fall

back to the vesa driver later, but if you know already that you have
to use vesa, then you may choose it nouw. ..

If you know that some other driver works, <Choose> will select it now.
| EX: There are tuwo drivers for Intel video, ’intel’ and ’iB10° and it may
be necessary to choose one now as probe of the wrong one may hang the PC.

Press ENTER key to probe for correct hardware-specific driver...
Or, TAB then ENTER to choose another driver. ..
Or, TAB, TAB then ENTER to select the generic vesa driver...

<Probe > <Choose> < vesa >

3 | After probe, several selections will be shown. Choose the one that says OK for the Monitor and OK for
the Video Card (see Figure 3)

SRR LU QGBI GER
: > the UP/DOUN ARROW keys to select a video node. Choices are
n in the format WidthxHeightxBits, where Width and Height are
| resolution in pixels, 16,24 bits = 65,536,/16,777,216 colors.

- CANNOT DECIDE?

3 -+ .1024x768x16 is suggested as a good choice.
' RECOMMENDATION :

Choose <TEST> button to verify it works!t

HDT!CE: If auto-probe has not detected a resolution that you know your
monitor supports, click the <MORE> button to display more resolutions to
choose fronm...

OK:
TEST: TA
MORE: Di

Just press ENTER key to immediately use the selected mode. ..
B key then ENTER to test and debug the mode before using it...
splay more monitor resolutions to choose fronm. ..

‘ DK for monitor, OK for video card

OK for monitor, maybe NOT OK for card




COMPUTER DISPLAY SETUP

COMPUTER DISPLAY SETUP

After the display is configured correctly, the screen should look similar to the screen display below. (Resolution,
icons, and background may vary).

AT
PET

iristall Setip: edit:

3

1
% =

Wite

Eipe) iz

2o

ITEM| DESCRIPTION

File Browser

Install to disk partition

Basic Setup (display, network, etc)

Save Configuration

Standard Applications

Add Software from Network

M2 Control Launch Icon

Available disk partitions

O|lo|N|j]ojlo]lh~|W|IN]PF

Main Menu

[EEY
o

Available removable disk partitions (LED is mounted status)

[EEN
=

Status Area
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ETHERNET CONFIGURATION

NETWORK CONFIGURATION

The next step is to configure the network to talk to the M2 System. By default the system is set for Static IP
addressing according to the following table:

UNIT IP ADDRESS COMPUTER
M2 System Base 192.168.0.50 ACU (antenna control unit)
M2 Controller 1 192.168.0.92 Remote computer (s) such as GUI
M2 Controller 2 192.168.0.93

LAUNCHING THE NETWORK WIZARD

STEP OPERATION

1| To launch the “Puppy Network Wizard” right click on the Network Icon located on the right bottom corner
of the main screen display. (Figure 1)

2 | Next Click on the “Setup Networking” Icon. (Figure 2)

3| Click on the “ethO” Icon to continue to the “Configuration Network Interface ethQ”.

=) Puppy Network Wizard =i o

Hi. networking is not always easy to setup, but let's give it a go!
- Interfaces

Puppy has identified the following network interface on
your computer, but it still needs to be configured.
To test or configure it, click on its button.

Léinterface_ I Type . I Module I Device description

etho Ethernet atllc pci: Atheros Communications Gigabit Et

4 >

- Metwork modules !

.
If it appears the driver module for a network adaptor isn't

loaded. or you want a different one (such as a Windows Load module
driver with Ndiswrapper), click on the 'Load module' button.

@ﬁ_eip ﬂ _Ex.it




ETHERNET CONFIGURATION

CONFIGURE NETWORK INTERFACE

STEP

OPERATION

(Figure 3)

410n the “Configure Network Interface ethO” click the “Static IP” icon to launch the “Set Static IP” screen.

“OK.” (Figure 5)

5]1In the “Set Static IP” screen type in the IP Address, Net Mask & Gateway as shown. Then click

6 | The next screen will appear as the “Default Route.” Click the “OK” button to proceed. (Figure 6)

7 1 On the “Network Configuration of ethO” screen, Click the “Yes” button to proceed. (Figure 7)

@ Cunflgure network |nterfane ethn

OK, let's try to configure etho.

Test interface
You can test if ethO is connected to a 'live’ network.

After you confirm that, you can configure the interface. | IESt ethd. '

Configure interface

The easiest way to configure the network is by using a DHCP
server (usually provided by your network). This will enable

assigned an IP address. The 'dheped’ client daesmon program

make it easy.

Puppy to query the server at bootup and automatically be | Auto DHCP

is launched and network access happens automatically
If a DHCP server is not available, you will have to do 4# i
everything manually by setting a static IP, but this script will | Static IP

H Help

o pack

P
m2aun

™ Puppy Ne... Static IP - + x

Default route set through 192.168.0.1.

Set Static IP

Please enter your static IP parameters:

- If you use a router, check its status page for these values.
- If you connect directly to your modem, you will need

to get these values from your ISP

(To directly connect two computers: set all but the IP and
Netmask to 0.0.0.0)

Use only dotted-quad decimal format (o xx o).
Other formats will not be recognized.

- Static IP parameters

IP address: |

NetMask: [3557255255.0 \‘

Gateway:  [192168.0.2] K

DNS parameters \ 2
Primary: |U.U.U.U

Secondary: |U_U_g_g

l

L@Heip ‘ | ] ‘ x CanceJ |

e ]

Xdialog

NETWORK CONFIGURATION OF eth0 SUCCESSFUL!
Do you want to save this configuration?

If you want to keep this configuration for next boot: click 'Yes'.
If you just want to use this configuration for this session: click 'No'.
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ETHERNET CONFIGURATION

CONFIGURE NETWORK INTERFACE (CONTINUED)

STEP OPERATION

On the “Configure Network Interface ethO”, click the “Done” button to complete the Network Interface
Procedure.

() Configure network interface etho
NETWORK CONFIGURATION OF eth0 SUCCESSFUL!

If there are no more interfaces to setup and configure,
just click 'Done’ to get out.

Test interface

You can test if ethO is connected to a 'live' netwaork.
After you confirm that, you can configure the interfac

Configure interface

The easiest way to configure the network is by using a DHCP

server (usually provided by your network). This will enable

Puppy to query the server at bootup and automatically be uto DI
assigned an IP address. The ‘dhcped' client daemon program —
is launched and network access happens automatically

If a DHCP server is not available, you will have to do ;
everything manually by setting a static IP, but this script will | Static IP

make it easy

The system is now configured and the M2 GUI Control application can be launched. Please see
the section of the user manual “Operations” for additional information.
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CHANGING ACU IP ADDRESS

CHANGING THE ACU DEFAULT IP ADDRESS

The IP Address of the base antenna system can be changed to any desired address by performing the following
procedure:

export IPADDRESS=19Z.168.0. 50 4—.

export PATH=/bin: /sbin: fMusr/bin: fusr/ssbin: funtsroot/bin: fmmt/rootsshin: fmnt/root
wount -t proc proc Sproc
wount -t sysfs svsfs Ssvys
mount -t devpts devpts Sdevipts

e = T L e

STEP OPERATION

1| Using a standard text editor such as Notepad or G-Edit, open the following file on the USB Drive:
/baseSystem/linuxrc-m2acu.

Locate the above line in the file and change the IP address to the desired value. (See line 3 above)

Save the file.

Power down the ACU and control computer.

a|lbh|lwlN

Insert the USB Drive in the ACU and power up while holding in the red button. Hold the button in until
the red led goes on. Refer to detail procedure ACU FIELD UPGRADES/PROGRAM RELOAD located in
Connection/Start UP section of this manual. (Reference Figure 1 & 2 below)

Wait approximately 13 minutes until the ACU is reloaded and the red LED goes out.

Power Cycle the ACU.

Boot up the control computer and follow the previous section to set the local IP address.

Ol | N[O

Verify the connection by launching m2acu and verify the connection message in the status bar.




SERIAL CONFIGURATION

STARTUP

To validate the control computer system operation, you must perform the following steps:

STEP

OPERATION

1

Install the supplied CD and power up your computer

DEFAULT OPERATION SYSTEM

The default operating system is a distribution of Linux called Puppy Linux. This was released by Barry Kaul in
2005 and has the unique feature of running in RAM. This makes the system very responsive, quick to boot, and

uses a

small footprint. This is configured to provide general purpose GPL tools as well as the Minicom Serial

Control. The environment provides the user with documentation tools, screen capture tools, web browser and

other useful utilities. After the previous section, it is necessary to configure the display and serial configuration for
proper operation.

COMPUTER DISPLAY SETUP

DISPLAY CONFIGURATION

The first step is to configure the display for the computer the software will be written on:

STEP

OPERATION

1

After boot, the video wizard is displayed (see Figure 2)

2

Select “Probe”

Rt
| (is software that will run Puppy in graphics node,
isplay a desktop with windows, mouse, etc. Xorg has a dozen
rivers for specific video hardware, and if you choose the <Probe>
on then the Wizard will attempt to determine the correct driver for
ur video hardware.

| With some hardware there is no specific driver, or maybe there is one

| but it doesn’t work (or doesn’t work properly), in which case you can
fall back to the generic 'vesa’ driver. The Wizard will offer to fall
back to the vesa driver later, but if you know already that you have

to use vesa, then you may choose it nouw. ..

If you know that some other driver works, <Choose> will select it now.
EX: There are two drivers for Intel video, ’intel’ and ’i810° and it may
be necessary to choose one now as probe of the wrong one may hang the PC.

Press ENTER key to probe for correct harduware-specific driver...
Or, TAB then ENTER to choose another driver. ..

: Or, TAB, TAB then ENTER to select the generic vesa driver...

<Choose>




COMPUTER DISPLAY SETUP

3 | After probe, several selections will be shown. Choose the one that says OK for the Monitor and OK for
the Video Card (see Figure 3)

obe has not d’ei:é’t:‘téd' a resolution that ]
iPeaas o b : _ - you know your
click the <MORE> button to display more resolutigns to

st press ENTER key to immed iately use the selected nmode. ..

y then ENTER to test and debug the mode before using it...

'1splay more monitor resolutions to choose fronm. ..

28)(101)(2‘1 DK for monitor, OK for video card
15801050415 OK for monitor, maybe NOT OK for card

< TEST > < MORE >

SETTING UP THE MINICOM SERIAL TERMINAL

In order for the ACU to recognize the Minicom Serial Terminal, the Terminal must be configured to the correct
computer port.

1 [ Click the “Console” logo on the top of the screen to enter into the Minicom Terminal.

m®%i°E@
CONSPIE

file g e sl g e ait:

EsdEk

WiTie ez|e el draw
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SERIAL CONFIGURATION

SERIAL CONFIGURATION

STEP OPERATION

1]In the urxvt terminal screen, type minicom (space) -s and press enter.

2 | The configuration screen appears. Scroll to the “Serial Port Setup” and press enter.

It is necessary to change the Serial Device to the correct port. Press the “A” key and this will allow you to
enter the correct port. The correct location is: /dev/ttyUSBO. The “USB” must be capitalized. Now press
the “F” key to change the “Hardware Flow Control:” from (Yes) to (No).

4 [ Press enter twice and scroll down to the “Save setup as dfl”. Press enter and the Serial Setup is saved.

5| Scroll to “Exit” to return to the terminal. The Serial Terminal is now ready for commands. Please refer to
the ICD for proper command operation.

™ urxvt

A4 ninicon -

| File transfer pPDtDCDlS
Serial port setup

| Madem and dialing

| Screen and kegboard

| Save setup as dfl

| Save setup as,

| Exit

| Exit from Minicam

A -  Serial Device 3 ey YR o —
B - Lockfile Location t Jvar/lock
[ - Callin Progran :
D - Callout Progran i
E - Bps/Par/Bits ¢ 115200 8N1

| |
F - Harduare Flow Control § Ho < [configura| Configuration saved I

[ - Software Flow Control § Ho Filenames and |
. . File transfer +
Change which setting? | Serial port setup

Moden and dialing
} ggzgegeizg Eguggﬁbd Screen and keuboard
} Ez:i setup as,, Save setup as,

: - Ewit
} Exit from Minicom . Exit from Minicon




INSTALLATION INTO AN EXISTNG OS

INSTALLING ON A PRE-EXISTING OPERATING SYSTEM

The M2 control application can be installed on systems currently running an existing Linux OS. M2Gui has been
verified compatible with RedHat, Fedora, and Ubuntu Linux distributions. To install, put the memory stick in the
target computer, launch a console terminal window and execute the M2Guilnstall.sh shell script. This will walk
you through the process of installing the files. When complete, the files should be in the following locations:

lusr/local/bin | m2Gui Executable application
Bitmap Bitmap images for cursors used in m2Gui
m2Gui.cfg

Communications.cfg

CUSTOMER NOTE SECTION
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STANDARD CONTROL WIRING
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HOME OPERATION

.Slatus Detail | Configuration ‘

: Elevation Polarization - Azimuth

Standby| _Position
__Home | cal

O erate | Acu OK

Az Ok

|l El Ok

_Pol] Pol Ok
— - T = Conl ol = > S =
Standby _Velocity | Position | Stow 1 | [CIrF it | Req Ctrl | Grab _Ctrl_' Standby _Velocity | Position | Stow 1 |
! Home | Cal _Track | Stow2 | Ree rd | old Gph | New Gph | | Home | Cal _ Track | Stow2 |

| Connected + ‘ACU on 192.168.0.50:5002 2¢ 10-Dec-22 JD: 356 UT: 13:13:05

|
1 .L/POL Positioner 1 1

fixis Control | Status Detail | Configuration

Faults and Status
Operate Clear Button
2 Sh1 Pol Disabled
El Homed | Fol Homed Az Homed
El Ok ] Pal Ok fz Ok
El fAmp F1E | | Pol Amp F1t Az Amp F1t
ERErREELE Pol Err F1t | Az Err Flt
El Tmp F1t | Pol Tmp F1t Az Tmp F1t
El Down Marn | Pol CCU Warn Az CCW Uarn |
El Up Warn Pol CU Marn Az Cl Warn
E1l Down Limit Pol CCU Limit Az CCU Limit
(TR R Pol CN Limit Az CU Linit |
Jog E1 Dn | Jog Pol CCU Jog Az CCY
T Jeg ElUp | [ Jog Polcu Jog Az CW

Temperatures and Voltages
Elv Motor Temp: 0 Pol Motor Temp: 0.0 Azm Motor Temp:
Elv Motor Yoltage: ] Pol Motor Voltage: 1.0 Azn Motor Voltage:
fAcu Tengs [

Connected to ACU on 182,165.0,50:5002 2011-Mar-15 JD: 74 UT: 02:13:31

ITEM

DESCRIPTION OF INDICATORS AND CONTROLS

Home function is required anytime the system (ACU) is initially powered up. The antenna positioner
must locate its position on the mount by finding the limit switches in each axis. This is performed by
pressing the HOME button for each of the axis. Once pressed the positioner will be activated and start
moving. Azimuth will move CCW until it hits the factory physical limit approx 185 degrees, at this same
time the Elevation and Polarization axis (if applicable) will move to their lower limits. Once complete the
system will place all axis to their predefined STOW 1 positions. *Home position (0 degrees) OFFSET
are discussed on the next page.

System status of “HOME" can be verified at the Status Detail page. If the indicator is Green the system
is Homed and ready to go. If this indicator shows RED (Not Homed) the homing function has not been
completed, and must be performed for correct operation.

*Note: The system can also be homed from the Jog Panel at the ACU electronics enclosure by
pressing and holding the Reference Return All Axis button. See Local Jog control for more details.

29




LOCAL JOG CONTROL OPERATION AND HOMING

LOCAL JOG CONTROL OPERATIONS AND HOMING

M L

M2 AZ/EL POSITIONER

TeleCommunication |
IS,itnmn |
| [ P—— oy r—_ |
19951 MARINER AVENUE BLDG 157

TORRANCE, CA 90503
(310) 214-5500 FAX (310) 214-5502
werw tolocomuys com

ITEM

OPERATIONS

UP/Down control, when held in either the up or down position, the elevation axis at first will move slowly, but if
continuously held for approximately 5 seconds the axis movement will increase to full speed. When released the
antenna will stop.

N/A

CCW/CW control, when held in either position the azimuth axis at first will move slowly, but if continuously held for
approximately 5 seconds the axis movement will increase to full speed. When released the antenna will stop.

Reference return button is used when the system is initially powered up. The button must be held for approximately
5 seconds to start the “homing process”. Once the homing process is completed the Red LED above each of the
jog control switches will go OFF. This indicating the homing process is competed.

NOTE: This function can also be performed from the ACU GUI by pressing the HOME button for each axis.

The LED’s are multi-function. When OFF the system is HOMED. When the LEDs are steady ON the axis is not
homed and system must be homed before proceeding. If an LED is blinking slowly a limit most likely has been
reached. This fault can be cleared locally at the ACU electronics enclosure by momentarily pressing the Reference
Return (yellow) button. After pressing the button the LED indicating the fault will go off and system can now be
moved out of the limit by moving the antenna in the opposite direction of the limit.
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STANDBY COMMAND

STANDBY COMMAND

M2 AZ/EL/POL Positioner
Axis Control :Status Detail | Configuration '

Elevation Polarization

“Standby _Position | Stow 1 |
Home | Cal | Track |

m—m— Acu OK
LAz Disabled NV Te
2| Disabled El Ok
Pol Ok
‘Standby | _Velocity | Position | _Stow 1 | glfFaultl 'Req Ctilll Grab'Ctill | Standby’ _Velocity | Position | _Stow 1_|
Hone | Cal | Track | Stow2 | Record | Old Gph | New Gph | e | Cal | Track | Stow2 |

1 —
Connected to ACU on 192.168.0.50:5002 «.:0-Dec-22 JD:356 UT: 13:13:05

ITEM DESCRIPTION OF INDICATORS & CONTROL

1| Standby (GREEN) mode is used when the antenna is not in use. No movement is possible locally on
that access when antenna is placed into this mode. NOTE: At anytime a remote computer can
command the system into motion, this removing the system from Standby.

If the Standby indication goes to (Yellow), connection to the ACU most likely has been lost. This must be
resolved before the system can be operated.

NOTE: ACU (electronic enclosure) must be powered on for at least 10 seconds prior to starting the GUI
in order for a successful connection.

2| When in Standby the system axis status will show RED and indicate “Disabled”. When the system is
removed from Standby, these status will change to Green “Enabled”
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VELOCITY COMMAND

VELOCITY COMMAND

Axis Control Status Detail | Configuration |

-Elevation - - Polarization - Azimuth

[Standby’ _Position | Stou1 ||
Home | Cal | Track

Operate _ Aoy 0K
Az Enabled | | Az Ok

winln | omeees 0 Bx
din AR d  Pol Ensbled | Pol Dk
LI L | Control

_ Standhy -'\'."-e_luc"i{g _ Position Stow 1 Clr Fault | Req Ctrl '_ Grab Ctrl 1 standby 'u'elcu:ltg Pozition | Stow 1

Home | val | Track | Stow 2 | Record | G Goh New Gah | | Home | 0L | Track | Stow 2
1 ) ! | 1

Connected to ACU on 192.168,0.50:5002 D011-Mar-10  JD: 63 UT: 00:23:40

ITEM DESCRIPTION OF INDICATORS AND CONTROL

1 [ Velocity mode is used to drive the antenna at a specified rate. This rate can be adjusted from max speed
to minimal speed in 0.01 degree increments if required.

2 | Operation of Velocity mode: Once the system has been placed into Velocity mode, the mouse curser can
moved either to the upper side or lower side of the white digits (Commanded Angle display) , an up or
down arrow will appear. From this position, each time the left mouse button is pressed the angle will
either increment (up arrow for positive angle) or decrement (down arrow for negative angle) one count.
This action can be performed on any of the three axis.
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POSITION COMMAND

VELOCITY COMMAND

~~ M2 AZ/EL/POL Positioner -+ x

Axiz Control :Status Detail Conf igurat ion
| ~Elavation - -+ Polarization - - Rzimuth -

Stadby T
Home L _ Track
-Dljper"at'e __1 Acu 0K
Az Erabled || Az Ok
S dEebled | Bk
: | Pol Enabled || Pol Ok
| Stanchuy | Velocity .1; Position | Stow 1 | | rereFEie] REGICHRIN [GREBICHRLY | Standby | Velocity || Fesition  Stow 1
Hone | Gal | Trok | Ston2 | pecorg j 0ld Goh | Mowgen [ltome | tal | Teok || Stow?

| Comnected to ACU on 192.168,0.50:5002 D011-Mar-10  JD: 68 UT: 01:12:31

ITEM DESCRIPTION OF INDICATORS AND CONTROL

1| Position mode is used to drive the antenna to a designated position. All of the axis positions can be
commanded (set) to any position within the axis range, to a resolution of 0.01 degrees.

2| Operation of Position mode: Once the system has been placed into Position mode, the mouse curser
can be moved either to the upper side or lower side of the white digits (Commanded Angle display) , an
up or down arrow will appear. From this position, each time the left mouse button is pressed the angle
will either increment (up arrow for positive angle) or decrement (down arrow for negative angle) one
count. This action can be performed on any of the three axis.

3| Direct Angle Input: With the antenna in the Position mode, the user can place the mouse curser over the
Command Angle display window and right click the mouse. The Command Angle will go blank, at this
time the user can enter the desired angle directly from the key board and press “enter”. The antenna will
then move to the specified angle.

NOTE: While in Position mode, if the curser is positioned anywhere within the position dial, the antenna
can be quickly repositioned by holding either the right or left mouse button and dragging the needle to
the desired position.
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STOW COMMAND

STOW COMMAND

™ M2 AZ/EL/POL Positioner

Fuis Control | Status Detail | Conflguration
Elevation Polariration

Fosition | = Stou 1
cal

1 Tk
ELDK
Pol Dizsbled Fal 0k
Control
Stow 1| |[EIFFEILEY R D e G velocity | Position | Stow1 |
Stow 2 ol ] Cal || Treck | Stow? |
T M2 AZ/EL/POL Positioner - __ M2 AZ/EL/POL Pasitioner
feeis Control | Status Detail | Configuration 2 1 fecis Bontrol | Status Detail | Confipration 1
Podestal | feimth | Elevation Podostal | Azimith | Elevation
Definition 1 Definition 1
feils Namat Gasr Bstio: | Rais Mase: Goor Ratio:
Conf igurat lon Conf iguration
Lover Linit: Uppar Linit: o0 (eg/Sec2 Louer Limit: Upper Linit: 1) Dog/Sec’s
Hast Vnloeitys Hawt Fecoreration: T Degssec? Haot Yolocity: Mo Recororat ion: 0 Deg/S0c"2
Position Offset: M Current s | Percent Pasition Offset: Mee Corrent : Percent
Stow Positlon 13 4 “tou Pogition 23 7 Dogroos Stou Pozition 1t 4 u Pozltion 21 Degraas
FU Pron Gakn: FU D Galn: R Prop Bain: AU DIFF Gain:
U Tt Bain: AU Tt Linit: #01 Int Gain: AU Tnt Linits dey"2
Fl Vel FF: Haos Motor: Ervors U Vel FF: Me:: Mator Error:
Mator Frop Gain: Mator DiFF Gain: Hator Prop Gain: Motor DiFF Gain:
Hotor Int Gain: Mator Tt Linit: Hator Int Gain: Hotor Int Linit: g™
Mator Val FF: Motor Grav Offzet: Motor Vel FF: Hotor Grav (ffset:
Stow Tolerance: Backlash Conp: Stow Tolorance: Backlash Cosp: % Counts
Linit Switch Offset: Fros Switch Locat lon: Linit Switch Offset: o0 Degroes Prow Suiteh Location: 0 Digroes
Tracking Filter: Tracking Filter: He
3 5 6 3 5 6
Get Conf lguration Send Conf igurat lon Urite Configuration Get Conf iguration Serd Conf Lguration Urite Configuration |
Connectad to FACL on 1902,168.0,50:8002 [011-Msr-18  JD: 74 UT: 00:33:0% Cornected to ACL on 162, 168,0,50:5007  D011-Mar-15  JD: 74 UT: 00:37:40
ITEM DESCRIPTION OF INDICATORS AND CONTROL

1| Stow mode 1 and 2 are used to position the antenna to predefined locations. This is useful for storing the antenna
when not in use or positioning the antenna to a known target such as a bore sight location. Two separate stow
locations are provided for Elevation and Azimuth axis and one is provided for the Polarization axis. To operate the
Stow mode, go to the Axis Control (Main Menu). Select either Stow 1 or Stow 2 for the desired axis to stow. The
system will slew directly to the predefined angle(s).

2 | To Configure Stow mode: To enter stow angles into the antenna control unit, go to the Configuration page tab. From
this tab the axis to be set can be selected. Azimuth and Elevations examples are provided above.

3 | Note:lf the configuration shows blank, press the “Get Configuration” tab at the bottom of the page. This will provide
the systems current configuration for all parameters.

4| Go to either Stow 1 or Stow 2 and enter in the desired position. Note: the entered angle must be within the
operation range of the selected axis.

5| Once the angle is entered, push the Send Configuration tab at the bottom of the page.

6 | If you want any angle to permanently remain in the configuration file, press the Write Configuration tab and confirm
with a Yes.
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CALIBRATION AND TRACK MODE

CALIBRATION AND TRACK MODE

" M2 AZ/EL/POL Positioner

Axi= Control :Status Detail | Configuration

[ Elevation -

-~ Polarization -

| Standhy

Home

| Standby  Position | Stow1 |

Hame Cal “ Track

-D':per“at'e i Ficu 0K

Az Erabled 1 Azl 2 | . .
R ‘ '—-’ '—'
| PolDissbled ||  Polilk | L—H U—“ [ J

- Control

| _Velocity .L Position | Stow 1 | | EiAvFautE | [REe Gt B pery | [ Standbu | Velocity | Position | Stow 1
" | Cal | Track | Stow2

L | Treek | Stow? || Recod | OldGh | Mewgen [[1oe

| Commected to ACU on 182,168.0,50:5002 2011-F 1 ©  JD: 2 UT: 00330:39

ITEM

DESCRIPTION OF INDICATORS AND CONTROL

1

Cal Mode is currently not used and disabled.

2

Track mode is not used with the GUI. It is used when the ACU is controlled remotely. The Track
function processes the points received from the interface into a smooth trajectory. Commands
for this function are provided in the Interface Control Document (ICD).
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DESCRIPTIONS AND OPERATONS STATUS

CALIBRATION AND TRACK MODE

- —Polarization -

':'j""""é{éh'dtég"w _Position | Stow 1
Hame Cal I Track

_ -DFEPafe Acu OK

_ PzEnabled || Az Ok

[ ElEnabled || EL Ok

| Pol Dissbled || Pol Ok

Control

|| Clr Fault | Res Ctrl | Grab Ctrl |
Record | i Gph | New G|

| Connected to ACU on 192.168.0

ITEM

DESCRIPTION OF INDICATORS AND CONTROL

1

Operate: Green indicator shows the system as ready, if the antenna electronics enclosure door is open,
the Operate indicator will turn BLUE indicating Maintenance mode and the system will not operate.
Operation (Green) will be restored once the door is closed.

Acu Ok: Indicates the antenna control unit is communicating with the GUI. When RED communication
with the ACU has been lost.

Az Ok: This indicator shows the axis as operational, if there is a failure (fault) the indicator will show Az
Fault in RED. For details of the fault, go the Status Detail tab

4|Ez Ok: This indicator shows the axis as operational, if there is a failure (fault) the indicator will show El
Fault in RED. For details of the fault, go the Status Detail tab

5| Pol Ok: The indicate this axis is operational, there is a failure it will indicate Pol Fault in RED. For details
of the fault, go the Status Detail tab

6 | This status shows the IP address connected to the ACU.
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DESCRIPTIONS AND OPERATONS CONTROL

CALIBRATION AND TRACK MODE

- —Polarization -

Standbg i _ Position 1
Home | .
_D:;qerafe
Az Enabled

. El Enabled

| Pol Dissbled 2

Control

| Clr Fault | Res Ctrl | Grab Ctrl |
Record | i Gph | New G|

| Connected to ACU on 192.168.0

ITEM

DESCRIPTION OF INDICATORS AND CONTROL

CLR FAULT: When an axis motor encounters an error such as a motion fault or a limit switch, the motor
enters a fault condition and will not move until the error is cleared. This fault is indicated on the GUI by changing
the Az, El, Pol Ok, Green indicator to RED. Once the error is cleared, the motor will respond to motion commands
until  another fault condition is encountered.

A specific example of this behavior is the physical limit switches. If one of these switches is encountered, all motion
will stop and the ACU will report a fault condition. These limit switches are direction sensitive. Once the error
condition is cleared, the ACU can be commanded to move the axis in the direction away from the limit switch. The
motor will only allow motion out of the limit condition. If commands are presented to the ACU which continue to try
to move the axis in the direction of the limit switch, the motor will immediately fault again.

REG CTRL: This command is not truly required but is included for completeness. Issuing this command
will  attempt to capture control of the pedestal. If control is available (if not already being controlled another com-
puter), control will be resumed locally at the GUI.

GRAB CTRL: This is similar to the request control command except that it will take control of the pedestal
whether or not the pedestal is being controlled by another connection. Obviously, this command should be used
with care and is included because it is envisioned that the ACU is being used in a “friendly” environment.
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SYSTEM STATUS DETAIL (FAULTS AND STATUS)

SYSTEM STATUS DETAIL (FAULTS AND STATUS)

fiis Control | Status Detail tonfr 1 don | 11 12

~Faults and Status
| Oper ate '_ Clear dutton :_. AcL. 0K
2 El Enabled | Pol Dizabled | Az Enabled
E1l Honed Pol Homed | [ Az Homed
4 EL Ok Pal Ok iz OF
El Amp F1t Pol Amp F1t | Hz Amp F1t
ELESEELE Pol Err F1t | {2 Ve
s Pol Tmp F1t Az Tmp F1t
| EL Down larn | | Pal CCW Marn | Az CCH Warn
=t Up Warn i [ Pal Cll Warn :. Az CUl Warn |
TEL Down Linit POl OOV Linlt Az COU LwiE
El P Linit | ~ Pol CU Linit | [ Az O Limit |
e T T e OV
Jog EL Up | [ Jog Pal ol | "~ Jog Az Cll

— Temperatures and Voltages
Elv Motor Temp: [ 7 Pol Motor Temp: .l Azm Motor Temp:
Elv Motor Yoltage: i Pal Motor Woltage: [ 0.0 Azm Motor Yoltage:
: Acu Temps: [ o7 F

~ Conrected to ACU on 1592.168,0.50:5002 2011-Mar-34  JD: 85 UT: 01:48:51 4

ITEM DESCRIPTION OF INDICATORS AND CONTROL

1 | Indicates if the system is operational or in maintenance mode (electronics assembly door open)

2 | Axis enable shows the system is ready for operation, when RED this will indicated disabled which typically means
the axis has been placed into Standby.

3| Homed in GREEN indicate the system was completed its homing procedure, when RED the indicator will show Not
Homed. The system must be homed when the positioner is initially powered up.

4| These indicators are basically the Sum of the alarm status. Any system fault.

5]“AMP FLT”, GREEN indicates the amplifier is OK, RED indicates the servo amp on the motor has faulted.

6 | This indicator will go from GREEN to RED if there is a motor fault. Faults can be cleared from the main page, by
pressing the “CLR FLT” button

7 | This indicator will go from GREEN to RED if the motor temperature exceeds the pre-set limits.

8| This indicator will go from GREEN to YELLOW when a software limit is reached.

9| This indicator will go from GREEN to RED when a physical limit is reached.

10 | These indicators are active when the job controls are in use at the antenna control unit electronics enclosure.

11 | Not used.

12| This indicator is GREEN when connection to the ACU is good and will be RED when a connection is lost or not
established.
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CONFIGURATION CHANGES

CONFIGURATION CHANGES

| M2 AZ/EL Positioner

fuiz Control | Status Detail | Configuration
Pedestal | Azimuth | Elevation
Definition
Axiz Mame: | ELEVATIL Gear Ratio: |

Conf iguration -
Lower Limit: -5,00000 Degrees Upper Linit: . 90,00000 Deg/Sec"2

Haw Velocitys E.OdOGG'Deg/SeC Maw Fccereration: _ iQ;UdUbOlDEg/SECAQ
Position Offset: [ 0,00000 Degrees Max Current: _ 100,00000-Percent
Stow Position 13 ,' 0+00000 Degrees Stow Position 25 . QU.UUUUO.DEQPEES
ACU Prop Gaing [ 2.,00000 f=sec ACU Diff Gaing | 0,00000'

ACU Int Gain: ' 0.10000 fdea/sec ACU Tt Limits 100000 deg™2

ro— e ) - r
AL Vel FF: el ALS Y OU SHIE] * X 22000.00000
Motor Prop Gain: \j;)' Writing the configuration will permanently change the values in the ACU 550, 00000

Hotor Int Gain: . 20,00000 deg™2

Motor Vel FF: e o | 0,00000

Stow Tolerance: ' = 15.00000 Courts

Limit Switch foset:;' —5+12000 Degrees Prow Switch Location: | 45.00000.Degrees
Tracking Filter: | Q.UUUUUIHZ

Get Cunfigupatiun. | Send quf#guration ‘ Urite Qonfigqration

GUT Version 01,01,07 [ ACU Version 01,01,01 | Connected to ACU on 182,168.0,50:6002 2011-Mar-31  JD: 90 UT: 02:08:58

ITEM DESCRIPTION OF INDICATORS AND CONTROL

1| This function gets the configuration if not present at start up

2| This function sends any new entered value to the ACU without saving. When the ACU is powered off this
information will be lost.

3| This function will send and save any new entered value to the ACU.

4| The computer will ask if the configuration is to be permanently changed, Yes or No. The Yes answer will
place the information into non-volatile memory and will be retained when power is removed from the
ACU.
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PARAMETER GRAPH DISPLAYS

PARAMETER GRAPH DISPLAY

| M2 AZJEL Positioner

Axis Control | Status Detail | Configuration

Elevation

" New Graph

File Time Scale Value Scale

LV [FiPas Enron (Deg) =T
ELY Driven Pos (Deg)
B (oS0 enibagies ||

AZM Hone

PZFE (e
BHIE] (e 1
AZM Desired Pos (Deg)
ST e
| Pos Error (Deg)

Desired Vel (Deg/S)
Driven Vel (Deg/S)
Current Vel (Deg/S)
Vel Error (Deg/S)

dfdt Position (Deg/S)
Vel RFF (Deg/S)

Integral Error (Deg)
Diff Error (Deg)

‘Hotor Temp (Deg C)
| Mator Voltage (V)

Pol Disabled = . 4 ™ p d | Current Mode
Control :

Standby | Velocity || Position Stow 1 Clr Fault || Req Ctrl | Grab Ctrl Standby | Velocity || Position Stow 1
Home || Track Stow 2 Record i Old Goh | New Geh Hone Track | Stow 2

[ GUI Version 01.01,02 | ACU Version 01,010 * Connect” *n ACU oo - ~.168.0.50:5002 2011-Mar-29  JD: 88 UT: 05:56:26

ITEM FUNCTION DESCRIPTION
1| RECORD function is used to create a .CSV file of the displayed graph.

2|0OLD GPH, loads previously recorded .CSV files for display.

3|NEW GPH, allows the operator setup the new graph with the desired parameters as shown in the
example above. Various adjustments for the Time Scale and Value Scale will need to be made in order
to obtain the desired graph display. Up to 8 channels can be displayed, which can included Elevation,
Azimuth or Polarity parameters.
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HOME POSITION AZIMUTH OFFSET

HOME POSITION AZIMUTH OFFSET

At the initial installation of the system, an
offset adjustment may be necessary in
Azimuth to find “True North.” A limit switch
offset can be entered to offset the Azimuth
position on it's mount. An example is shown
in Figure 2 below. A reference such as the
Sun’s shadow or fixed location RF Source
may be necessary to provide a true position
reference.

Once the desired offset is in place, it can be
saved permanently in the ACU. Each time
the ACU is powered up, a Home function will
need to be performed, but no further
adjustments of the offset should be required.

Note: Each time the limit switch offset is
adjusted the system will need to be homed.
See Operations sections for details regarding

W

Frént
{Typically North “0 degs)

CW Upper Physical Limnit
(factory Setting CW +185

1

The CCW Iimit switch Is used
during the initial *Home"
{Reference Retum) function.
This limit switch provides the
positioner orientation in order

the Home function and changing to locate its Azimuth position.
configurations.
™ M2 AZ/EL/POL Positioner -
Axis Control | Status Detail | Configuration |
Pedestal | Azimuth IElevatiDn |
~Definition
fris Mane: | AZIMUTH Gear Ratio: ~6600, 00000
—Conf iguration
Lower Limit: i -185, 00000 Degrees 1 Upper Limit: l 185, 00000 Deg/Sec”2
Max Velocitys: i f,00000 Deg/Sec Max Accereration: I 12,00000 Deg/Sec™2
Pozition Offset: I 0,00000 Degrees Max Current: | 100,00000"P9Pcent
Stow Pogition 13 I 2, 00000 Degrees Stow Pogition 23 ! a0,00000 Degrees
ACU Prop Gain: i 2.00000 fsec ACU Diff Gain: | 0,00000
ACU Int Gain: l 0,10000 fdegfsec ACU Int Limit: | 1.00000 deg™2
ACU Vel FF: | 1, 00000 Max Motor Error: | S2000, 00000
Motor Prop Gain: | 200,00000 fsec Motor Diff Gaini I 350, 00000
Mator Int Gain: i 28,00000 fdegisec Hotor Int Limit: l 20,00000 deg™2
Motor Vel FF: i 0, 00000 Motor Grav Offsett I 0, Q0000
Stow Tolerance: | 0,01000 Backlash Conp: g 15,00000 Counts
Limit Switch foset:! -125,19000 Degrees 2 Prox Switch LDcatiDn:! 0,00000 Degrees
Tracking Filter: ! 0,00000 Hz

ITEM

FUNCTION DESCRIPTION

1| Software limit, can be set as required. This setting has no effect on the home function.

2| Setup Example to achieve a True Azimuth “0.0” degree angle using the offset function.

-185.0 degrees Physical Limit - (factory set)
Subtract Limit Switch Offset Value
-185.1900 degrees

=0.1900 degree CW Angle Offset
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HOME POSITION ELEVATION OFFSET

HOME POSITION AZIMUTH OFFSET

At the |n|fual installation of the system, an 90 Degrees
offset adjustment may be necessary in
Azimuth to find “True North.” A limit switch

offset can be entered to offset the Azimuth
position on it's mount. An example is shown
in Figure 2 below. A reference such as the
Sun’s shadow or fixed location RF Source
may be necessary to provide a true position
reference.

The Elevation Lower limit switch
is used during the initial
“Home” (Reference  Return)
function. This limit  switch
provides the positioner
orientation in order to locate its
Elevation position.

Once the desired offset is in place, it can be
saved permanently in the ACU. Each time
the ACU is powered up, a Home function will
need to be performed, but no further

adjustments of the offset should be required. glgvatlon
egrees 17
Note: Each time the limit switch offset is
adjusted the system will need to be homed. -5.0 Physical Limit Switch
See Operations sections for details regarding Factory Setting
the Home function and changing
configurations.
™ M2 AZ/EL Positioner - + x
Axiz Control | Status Detail | Conf iguration I
Pedestal | Azimuth | Elevation |
—Definition
Aris Name:l ELEMATION Gear Ratio: GEO0, 00000
—Configuration
Lower Limit: i -5.00000 Degrees 1 Upper Limit: I 90, 00000 Deg/Sec”™2
Max Velocitys | £.00000 Deg/Sec Max Accereration: | 12,00000 Deg/Sec"2
Fozition Off=et: | 0,00000 Degrees Max Cureent: ! 100, 00000 Percent
Stow Position 13 I 0,00000 Degrees Stow Position 23 ! 90,00000 Degress
ACU Prop Gains | 2,00000 fsec ACU Diff Gains | 0,00000
ACU Int Gains | 0,10000 fdegfsec ACU Int Limits | 1.00000 deg”2
ACU Mel FF: | 1.,00000 Max Motor Error: | 32000,00000
Motor Prop Gain: | Z00,00000 fsec Motor Diff Gain: I 550, 00000
Motor Int Gains | 2500000 foeg/sec Motor Int Limit: | 20,00000 deg”2
Motor Vel FF: i 0,00000 Motor Gray Offset: l 0,00000
Stow Tolerance: | 0,01000 Backlash Comps | 15,00000 Counts
Limit Switch Dﬁcse‘tzl -5,12000 Degrees 2 Prox Switch Location:! 45,00000 Degress
Tracking Filter: | 2.00000 Hz
ITEM FUNCTION DESCRIPTION
1| Software limit, can be set as required. This setting has no effect on the home function.
2| Setup Example to achieve the Elevation “0.0” degree angle using the offset function.
-5.0 degrees Physical Limit - (factory set)
Subtract Limit Switch Offset Value
-5.1200 degrees
=0.1200 degree UP Angle Offset
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AXIS POSITION OFFSET ADJUSTMENT

AXIS POSITION OFFSET ADJUSTMENT

It may be necessary to offset the Positioner to peak up on a track or to compensate for error in the trajectory da-
ta. In this case the function of Position Offset is useful, for example when in Track mode or if any operator was
attempting to signal peak on a target to try and determine position error.

Each axis can be independently advanced or retarded from the Positioners actual position as necessary. The
following are example setups of the Position Offset function.

T~ M2 AZ/EL Positioner

fAzis Control :Status Detail | Configuration |

-Elevation Azimuth

Dparaté | fcu 0K

Az Erabled | Az Dk

El Enabled | El Ok

Pol Disabled Fol Ok

y —Control ]
[ Standhy Velocity || Positit i Stow 1 Clr Fault | Reg Ctrl | Grab Ctel Stanchy | Velocity Positi n Stow 1
Hone 1 Track Stow 2 T |

Record | 0ld Gph | Mew Goh A : T a0

GUI Wersion 01.01.0. AGU Version 01.01.01 | Connected to ACU on 192.168.0.50:5002  2011-Mar-28  JD: & JT: 09117130

T Mz AZ[EL Fositioner

fesis Control | Status Detall | Configurotion tatus Detail | Configuration

Pedestal | Azimsth | Elevation Pedestal | fmimsth |Elsvation

Def inition Definition

Fouis Name:

Conf iguration
Lower Linit:

Ma Velocity:
Pozition Offset:
Stow Position 13
AU Frop Gadn:
A0 Int Gain:
AU Vel FF:
Hator Prop Gaint
Hator Int Gain:
Hator: Vel FF:
Stow Tolerance:

Linit Switch Offset:

Get Conf iguration

Geor Ratio:

Legar Linkt:

M Accarerat lon:
Mae Currant

Stow Position 23
FCU DifFF Gadn:
AU Ik Limits
Hax Hotor Errors
Moter DifF Gain:
Motor Int Limit:
Motor Grav Dffoet:
Back lash Cosp:
Prox Switch Location:

Tracking Filter:

Foils Mames

Conf lgurat ion
Lower Linit:
e Valocity:
Position OFfset:
Stow Positien 11
AU Prop Gain:
AU Tek Badn:
U Val FF:
Hator Frop Gain:
Moter Int Gain:
Motor Vel FF:
Stov Tolerarce:
Linit Sulteh OFfzats

Goor Fatio: |

Uppe- Linit:

Hae¢ fccarerat lon:
Haee Current s

Stow Position 2t
ACU DIFf Gain:
AU Tnt Linit:
Mzt Motor Er

Hotor OLfF Gain:
Hotor Int L.

Hotor Grav ot
Back Lazh Comot
Pros: Sultch Locatlon:

Tracking Filten:

Send Conflguration Wnite Conflgurstion Bot Conflguration Send Conf lguration Urite Conflguration

| GUI Version 010107 | A Version 01,0101 | Connected to AG on 150.168.0.50:5000  D0I1-Mar-39  JD: 86 UT: (53187

FUNCTION DESCRIPTION

1| Example of Position Offset in Azimuth

2 | Example of Position Offset in Elevation

3| Note: When each axis is placed into the Position Mode, the difference between the commanded position

(shown in white) and the actual position (shown in green) equals the amount of position error (shown in
red)

43



ACU FIELD UPGRADES/PROGRAM RELOAD

ACU FIELD UPGRADES / PROGRAM RELOAD

The ACU has the capability to be upgraded in the field. If this ever becomes necessary, the following steps can
be performed. THE FOLLOWING STEPS MUST BE FOLLOWED EXACTLY AS WRITTEN.

FUNCTION DESCRIPTION

With the power OFF, install the provided USB drive with the latest software for reload or upgrade, into
the ACU.

Press and HOLD the RED button on the back of the ACU, while turning on the power.

Continue to HOLD the button until the RED LED is on steady. Once the LED is on the button can be
released.

After about 13 minutes the RED LED will go OFF, signaling the completion of the software load. At this
time power off the ACU and remove USB drive.

After removing the USB drive, turn on the ACU power and restart the GUI software.
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INTERFACE CONTROL DOCUMENT

See Appendix A
Interface Control
Document (ICD)

For remote computer
control
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TROUBLE SHOOTING

SYMPTOM:
No RF receive signal present or system does not appear to be in the right orientation.

POSSIBLE CAUSES:

1) Antenna Position incorrect; verify positioner offsets are correctly entered into the configuration file.

2) RF Feed does not have LNA/LNB power.

3) Home function not performed, verify the system has been homed by viewing the status page, also the Red
LED’s at the ACU electronics enclosure Jog Panel should be OFF if the system is properly homed.

SYMPTOM:
No communication with ACU, Red ACU fault light is on.

POSSIBLE CAUSES:
ACU fault red light indicates the ACU is not communicating with the control computer.
1) Verify ACU power ON,
2) Verify the communications cable connection between the control computer are good.
3) Verify the correct IP address at the control computer
4) If necessary restart both the ACU (power down) and the control computer.

NOTE: If the ACU communications with the control computer were disconnected for an extended period
of time, it maybe necessary to restart (power cycle) the ACU.

SYMPTOM:
System configuration seems not to be holding the information.

POSSIBLE CAUSES:
Re-enter the values and ensure the Write Configuration button is selected and press Yes to confirm the write
function.

SYMPTOM:
Standby indication goes to (Yellow)

POSSIBLE CAUSES:

1) ACU has lost communications with the computer. Restart the ACU (power cycle), then restart the GUI.

2) Command was not legal, send a legal command to the ACU and the status should return to Green when
Standby is reselected.

SYMPTOM:
The antenna positioner will not move in one direction, but no fault is showing on main GUI page

POSSIBLE CAUSES:

The antenna positioner has most likely hit a software limit. This can be verified on the Status Detail page which
will show a Yellow Warning indicator for which ever axis is not moving. To correct this, the software limit listed
under the configuration page will need to be adjusted to a position outside of the required operational area of the
positioner.
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TROUBLE SHOOTING

SYMPTOM:
Limit switch fault at GUI, display shows RED Fault

POSSIBLE CAUSES:

1) The positioner may have been driven into a mechanical limit. The fault can be cleared by pressing the Flt Clr
button on the main display page. The positioner can now be backed out by driving the antenna in the opposite
direction of the limit. It may be necessary to clear the fault more then once in order to back out of a limit.

2) Antenna reflector is unbalanced, counter weight maybe incorrect or not installed.

3) The antenna may have hit something obstructing its movement. Check the antenna path before proceeding.

4) High winds may have inhibited smooth antenna movement. Verify the winds are within the operational param-
eters of the positioner. The larger the dish, the more the system could be effected to high wind. In most cas-
es, once the fault is cleared (Flt ClIr), they system operation will be restored to normal.

SYMPTOM:
Jog Control will not move the antenna, Red LED blinking slowly at panel.

POSSIBLE CAUSES:

The positioner most likely has been driven into a limit . The fault can be cleared locally at the ACU electronics
enclosure by momentarily pressing the Reference Return (yellow) button. After pressing the button the system
can be moved out of the limit by moving the antenna in the opposite direction of the limit.

The fault can also be cleared at the GUI as described above under Symptom: Limit switch fault at GUI.
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12 MONTH LIMITED WARRANTY

This warranty gives you specific legal rights. You may also have other rights which will vary from state to state
or province to province.

M2 warrants against defects in material and workmanship for a period of 12 months from date of pur-
chase. During the warranty period, M2 will, at its option, either repair or replace products or components which
prove to be defective. The warranty shall not apply to defects or damage resulting from:

e Improper or inadequate maintenance by user
e Improperly prepared installation site

¢ Unauthorized modifications or misuse

e Accident, abuse, or misapplication

¢ Normal wear

M2 specifically does not warrant this product for any direct, indirect, consequential, or incidental
damages arising from the use or inability to use the product. Some states or provinces do not allow the
exclusion or limitation of liability for consequential or incidental damages so the above limitation may not apply.

In the event repair or replacement are necessary, purchaser shall contact M2 for return authorization. In
many cases this contact can simplify and expedite the repair / replacement process and help reduce costs and
downtime.

The purchaser shall be responsible for packing the product properly for return and for charges to ship
the product to M2. Always include with the shipment, a statement detailing the problem / failure and any other
pertinent observations. Insuring the product for shipment is recommended. Use the original packing materials
whenever possible. M2 is responsible for charges (in the United States) to return the repaired / replacement
product only where warranty service is involved.

M2 Antenna Systems, Inc. 4402 N. Selland Ave. Fresno, CA 93722
(559) 432-8873 Fax (559) 432-3059 Web: www.m2inc.com
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