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Patriot Antenna Systems Firm fixed price proposal ér a 12m VLBI capable
Antenna

Dear Professor Campbell

On behalf of Patriot Antenna Systems we are pletspdovide you with the following
updated firm fixed price proposal for a Patriotthjgerformance 12.1m, VLBI
application, full motion, dual shaped cassegratemma, together with a description of
Patriot’s engineering capabilities and experience.

The first of Patriot’s larger antennas was delidex@NASA for the DSN array project, it
was designed for use at up to 32 GHz. In its stahfitam a precision Jack screw is used
in elevation and a twin motor, torque biased, Z&cklash gear drive system is used for
azimuth however other configurations are also abtl. Unprecedented 26 bit encoders
are used for exceptional accuracy for pointing tacking feedback together with a state
of the art motor drive and control system.

Since then we made several significant improvemtendsir design and have built four
more 12m systems, one for AUT in New Zealand asdcand one in a prime focus
configuration for CSIRO in Australia for their feddvelopment activity for ASKAP -
the Australian SKA development work, and one fockland University. The fourth one
is for Geosciences Australia and is under constmctow. We presently have 6 more
12m systems on order and under construction, twe oo Australia and three for
another NASA project and one for MIT/Haystacks.
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Many of these are for VLBI applications, and ina@utie latest maximum movement
speeds we can offer i.e. 5 deg/sec in Az and 1.g&&e average in Elevation. Also we
can supply a new S/X band feed (and matching LNt we have designed for present
VLBI applications.

We hope that this is sufficient to demonstrateiBafintenna Systems competitive
advantages and capabilities. If you have any questt all then please contact me, we
are looking forward to building an antenna for you.

We have looked at our existing workload and arevicwed that we can fit this 12m
system for you into our production planning so thatcould have the system delivered

and fully installed and commissioned by around Felar 2010, provided we receive
your instructions in Nov 09.

Yours sincerely

Peter Shield

For Cobham/Patriot Antenna Systems
Tel 450 424 5666
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Patriot, company information, heritage and Past pgormance

Patriot Antenna Systems is a world-class manufactirantenna systems and is based in
Albion, Michigan, located 75 miles west of Detraitd 150 miles east of Chicago. This
location, in the midst of the largest industrialmagacturing area in the world, provides
Patriot with unparalleled access to a wide netvadrkupporting subcontractors and
transportation links. Patriot has a 300,000 sqttdeility dedicated to the design and
production of some of the most competitive and aded antennas anywhere, with
antenna sizes ranging from less than 1m up to & in diameter. The industry’s most
advanced manufacturing facilities are found atiBtitncluding: The most accurate and
efficient stretch and vacuum forming technologpa@vder paint coat lines, extensive
metal stamping and pressing facilities with 23 ¢éapgesses of up to 1250 tons, 2 large
CNC machining facilities, the largest (in the USWitsubishi programmable 5 axis laser
cutter/welder is used for trimming to shape antguenzels and capable of cutting up to 72
by 120 inch sections. A new lar§éow water jet cutter is used for fabrication of whole
stacks of radial antenna beams, this can cut ap ®inch thick stack of radial beams
over a 24 foot by 6 ft bed at one pass (a wholerard’s worth). Advance8MX laser
andGEODETI CS photogrametric measurement of antenna surfacassacke All this
production capability results in the most cost @ffee antenna manufacturing available.

In addition to the advanced facilities Patriot Amtas Systems employees a staff of
engineers and support personnel with all of theired expertise in Antenna RF,
electrical and antenna mechanical engineeringduige a guarantee of successful
project implementation. Some of these key stafiehaeen previously involved with
larger antennas than these for use at high fregeenad with a wide variety of
mechanical control systems. Specific relevant sfferiences are as below:

» Design, manufacture and installation of OffsetnferiFocus and Dual Reflector

Optics

» Design, manufacture and installation of antennaging from 1.2m to 100m in
size

» Design, manufacture and installation of Full Motaexmd High Wind antenna
systems

* Design/testing of L Band, S Band, C Band, Ku BapdS Band and Ka Band
antennas and feed systems including dual bandmsgste

* Photogrametric and laser measurement of antenfecear

* Project Engineering and Management of contracts watues ranging from
$150k to $10M

Patriot Antenna Systems have extensive Ka bandriexpe with more than 10,000
deployed Ka band small VSAT terminals and the firdhe industry Ka band type
approval. Patriot’s range of antennas includesep@usite type approvals with more
already applied for.
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Patriot is now a part of the Cobham PLC organisat#$2Bn 10,000 employee
corporation. Cobham plc is an international conypamgaged in the development,
delivery and support of advanced aerospace anaskefystems for land, sea and air.

J/ coBHAM

Patriot major communications programs and expertisancluding some specific
examples:

Have designed and delivered the NASA JPL, 12.192GH, DSN array
prototype antenna.

Have recently developed and delivered antennasdimgy a 4.8m XTAR hub
antenna and, 9.4m and 12m commercial antennas

Pas-8 / Pas-2 Patriot provided 100-4.5 meter aa®r200-3.8 meter antennas,
and 1000-3.1 meter antennas with multi-beam feeg@sdgram recipients located
in the Pacific Ocean Region. Allowing them to lakooth satellites.

Galaxy-IX Patriot provided 2000-3.8 meter antenimgsrogram recipients in
North America. Galaxy-VIl Patriot provided 5000-3r&ter antennas for this
program.

Pas-5 Patriot provided 2000-3.1 meter antennasoigram recipients

AMC-1/4 (formerly GE-1/4) Patriot provided 1500-3r1&ter antennas with

multi-beam feeds to allow broadcasters to accefsdiadhe AMC-1 and AMC-4
satellites.

Experience with using all the industries standagjomsubsystems and
components such as control systems, De-icing sygstRf subsystems etc.

Experienced with NASA and military applications.

Have installed a 12m, 32GHz radio telescope for Mealand that includes
VLBI applications.

Have installed a 12m antenna for CSIRO for ASKA€afglane array feed
developments for the Australian SKA

We are now building 6 more 12m systems includifigr3rhe geosciences VLBI
project in Australia.
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Patriots Key staff Resumes:

Mr. Dave Provencher, President Cobham Patriot prodats

« Responsible for the Trackstar and Patriot produmtigs within Cobham, strategic company
direction and the present growth into full eartitish antenna systems and larger tracking
antennas.

Mr. Mike Kerekes, Program Manager
e 10+ years project and program management. Preeixperience includes 20+ years in the
automotive industry focusing on program managentgrality management, and lean
manufacturing, responsible for program managenwriafge antenna projects within Patriot.

Mr Jose Perez
« VP Global Business Development, responsible foritatorldwide business development.
Senior level sales and marketing executive witly&ars of experience with multinationals
including Bell & Howell, Voicemail International dnrAndrew Corporation.

Mr. Kevin Sinclair Senior Mechanical design EngineePatriot antenna system Inc

e 24 years experience with antennas and structussgrde expertise in photogrametry and FEA, the
holder of several patents

Dr. Mark Godwin, Consultant to Patriot Antennas

e 30+ years in RF engineering and telecommunicaiioh®th commercial and academic activities.
RF design, analysis, testing and holographic measent of large antenna surfaces. Numerous
publications and awards including recognition by®wafor work done on the 70m Deep Space
Network Antennas in preparation for communicatiagthwoyager 2 as it passed Neptune.

Tim Voorheis
* Mechanical Engineering Specialized in mechanical design and FEA/ $&arat analysis, and
product quality improvements

Boris Yim
e Masters of Science in Aerospace He is specialized in Astrodynamics, systemsiraeging,
Dynamics control , CAD , FEA and Numerical compiatas

Dr. Rami Adada, Senior Antenna Engineer Patriot Anenna Systems

* Senior antenna and feed design experience. Exp@ntiSST's Microwave Studio for feed
component design and TICRA's GRASP software fdec&dr design. He has authored and co-
authored 10 publications on electromagnetic andngonications related topics and has 1 patent
application.

Mr. Peter Shield, President InterTronic Solutions
« Sales and Marketing contact for key accounts aptiagtions for large antennas in programs such
as military and commercial satellite communicatjofisBI, Radio Astronomy (NASA etc) for all

Patriot Antenna Systems products. 30 years in s@imspace engineering, marketing and
business leadership positions.
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12m Antenna Detailed Description

The 12m antennas described herein are based oatBatew 12m standard large
reflector antenna shown in the 12m commercial daéet below.

12 Meter Tx | Rx
Earth Station

— Features
« C, Ku, Ka, and X-Band feed options + Mo on site panel alignme
+ 2-Port or 4-Port configurations « Installation Teams and Supervisors Availa

* CP/LP switchable feeds « Factory assembled mount reduces
installation time
« Circular Foundation Interface
» High Wind and Full Motion options available
= Full line of options to meet
any requirement * Extended C-Band Feads

Description

Patriot antennas have superior surface accuracy. Patriot's antenna reflectors incorporate
precision stretch formed panels into very stiff backing structures. To insure quality and
performance Patriot panels are inspected for R.M.S. accuracy using the latest in laser
measurement techniques.

Patriot antennas have superior comrosion resistance. All reflector and mount parts are
produced from high quality materials and treated for corrosion resistance by powder coat paint,
epoxy paint or hot dip galvanizing as appropriate for each component. All hardware is stainless
steel or hot dip galvanized depending on size an application.

Patriot antennas are designed and built to weather the storm. All Patriot Large Aperture
Antennas are capable of surviving winds up to 125 mph as standard. High Wind designs are
also available for areas that experience severs winds,
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12 Meter Tx | Rx
Earth Station

General Specifications

Directive Efficiency 85%

Pointing Accuracy 0.005° rms

Surface Accuracy 0.012" rms

SlewRate AZ sec

SlewRate EL 0.7°sec

Acceleration Rate 2Llsec’

Control Panel Servo System includes speed and position loops

Encoders 26 bit

Interface Ethernet or RS 485

Geometry Dual Shaped Cassegrain, Sub Reflector Subtended angle 100°

Feed Options C, X, Ku, Ka band

Optimization High Efficiency Shaped Cassegrain

Antenna Diameter 12m

Antenna Type Cassegrain

Elevation Travel 5°-90°

Azimuth Travel +/- 270° Continuous

Drive System: Elevation Ball Screw Actuator with redundant brake

Drive System: Azimuth Torque biased dual pinion drive

Mount Type Full Motion

Mount material and finish Steel, paintad white

Structure material and finish Aluminium, painted white as required

Reflector material and finish Aluminium, painted white

Environmental Specifications Standard Metric

Operational Winds 35 mph, Drive to stow 50mph 57 kph, Drive to stow 82 kph

Survival Winds 100 mph at Stow 163 kph at Stow

Ambient Temperature Operational: +5° to +122°F -15° to 50°C
Survival: -22" to +140°F -30° to +60°C

Rain Upto4inh 10 cm/h

Relative Humidity 0% to 100% with condensation

Solar Radiation 360 BTU/h/ft? 1000 Keal/him?

Radial Ice (Survival) 1in all surfaces 2.5cm

Shock and Vibration As occurred during shipment

Corrosive Atmosphere As encountered in coastal regions andfor heavily industrialized areas

Seismic (Survival) 0.3 G's Horizontal, 1.0 G's vertical
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The first 12m

The
second
12m
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The third one

=
contract
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The forth one in Tasmania

Showing the pedestal heat shields fitted — a starfttenent for all
astronomy grade systems.
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Patriot Antennas 12m design with a jack drive elevidon system
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Detailed description of 12m antenna system proposed

For this proposal we are suggesting our standamd sh&tem as is described below
including our existing precision control systentlzes is also highly suited to VLBI,
astronomy and deep space applications.

Equipment Provided

The following major subsystems are included inpgheposed system.
e 12.192 Meter Antenna System including:

o

o

o0 O o o o o

o

Anchor bolt and template kit

12m Aluminium main reflector with aluminium backisgructure and tie
downs for extreme wind conditions.

Composite Sub-reflector and support struts

+/-270 degree (tracking) continuous twin motor/gear torque biased
azimuth drive

5 to 88 degree (tracking) continuous Ball Screw&ii®n drive.

Servo electronics assembly and housing, Interfatewith AC drive
motors for Azimuth and Elevation. Two motors usedAz for torque
biasing and one in elevation.

Complete RFI tight controller cabinet fitted with the safety features,
interfaces and the software required tested andebbanto the three
Unidrive SP inverter drives (Emerson / Control Trages).

26 bit absolute position Encoders

Main and backup limit switches and cabling

Aircraft Warning Lights and Lightning Protection

Installation and assembly supervision at site @&xgtst)

Pedestal sun-shields for the astronomy applications

Cable wrap system with sufficient space for cust@neables etc

Tie down loops for additional stability in extrewénds on rear of
reflector

Additional cable access holes and ports on turheeg floor to pedestal
access and on side of pedestal.

Theodolite target on top of turning head
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Optional extras include feeds, LNAs, low loss wavdg test injection loop couplers on
the feed output ports, waveguide dehydrator inbetsp external to pedestal access ladder
for easy access to elevation gear and back of aatenb, fibre converters to enable fibre
optic control, hub and pedestal environmental @mslystems, de-icing equipment, and
special custom fittings and brackets etc for custosupplied equipment.
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Standard proposed specifications for this applicatn of our 12.1m
antenna

Electrical: See below
Environmental: As per commercial data sheet above
General Mechanical: As per commercial data sheet alve and descriptions

below except for elevation range under closed loop
control is 5 to 88 Deg (goes to 90Deg for stow) and
speeds of movements as described below. Also
acceleration rate is set to 1.33deg/sec/sec max in
azimuth and 2.6deg/sec/sec max in elevation

Pointing accuracy target  0.005 Degrees at 30MPH max wind

Reflector surface accuracy 0.015 inches RMS Typical, all causes for use ¢tl w
beyond 17GHz

Antenna F/D 0.375
Shape: Dual shaped cassegrain for high efficiency
Speed of movement: For this application we have offered 5 Deg / Seg ina

Azimuth and an average for elevation of 1.25 Dey/ae
this is what our current design can do and thighat is
being used for all the VLBI applications.

Antenna operation modes See text
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Foundation
To be built in accordance with the drawing below.
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Reflector

The reflector system uses an aluminum support sysie a rigid back-up structure
consisting of a rigid hub, precision support trgs#es the antenna must be operable in all
elevation angles, the structure is designed suathittkloes not significantly distort due to
gravitational loadings or the extreme wind loadinghe aluminum reflector panels are
manufactured to very close tolerances by use aid®atadvanced and industry proven
stretch form technology and are then laser cuthtgps. The radial beams and accurate
support stringers are cut on Patriots new high ¢pesger jet cutter. Panels are cleaned
and powder coat painted with a white heat diffudimesh. The panels are designed to
survive the required wind loads. The panels areui@atured to a surface accuracy of
0.008 inches rms. Dimensional accuracy of the Igaisecontrolled within +/- 0.030
inches to ensure proper fit and panel gaps at ddgeifhe last few systems we have
built have had measured initial RMS values in tege 0.011 to 0.014 inches.
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Antenna geometry

Feeds

A variety of feeds can be fitted to these antemaaging from conventional
communications types from C band to upper Ka banhlliding high performance low
cross pol types. For Deep space and astronomycagiphs cryogenically cooled feeds
can be fitted as there is sufficient cable wragsegar the cryogenic tubing etc.

We have our own design of an all aluminum room terafure S/X band VLBI feed. This
design provides dual polarization CP outputs ilibée 2.1 to 2.4 GHz and 8.1 to 9.2
GHz ranges. The 4 interface flanges are WR430 aRd ¥ standard flanges. We can
also supply MITEQ matching S Band 30 degK and Xdoad degK LNAS to suit if
required. We do not however supply Cryogenic LNA$eed systems.

The antenna optics we believe suit the widebandadiutype feeds also being evaluated
for wideband VLBI. With the S/X feed is supplieded cone and feed support structure.
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Optional MITEQ LNAs

RF Frequency Range 2.1/2.2 - 2.4 GHz
Gain 60 dB min.

Gain Flatness + 0.5 dB max.
Noise Temp. 30°K max.

Input VSWR 1.25:1 max. (over 2.2-2.4)
Output VSWR 1.5:1 max.

Power Out 1 dB Compression +10 dBm min.
DC Power 300 mA nominal @ +15V
Outline Drawing 148029

RF Frequency Range 8.1-9.1GHz
Gain 48 dB min.

Gain Flatness + 1 dB max.

Noise Temp. 50°K max.

Input VSWR 1.5:1 max.

Output VSWR 1.5:1 max.

Power Out 1 dB Compression +12 dBm min.
DC Power 225 mA nominal @ +15V
Outline Drawing 138968-2

EIT
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Cross section of reflector and feed cone systemwisigotypical space available for
customers own feed systems

£ — 55.47

Feed support cone detail showing Patriot S/X bandekd fitted

22.43

7380

I
45.00 L -
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Subreflector Support

The quadripod structure utilizes four rectangulambers for support legs which are
joined at the apex by the subreflector supportcttne. The individual members and
resulting assembly are designed for a high stifriesveight ratio and minimal blockage.

Subreflector

This is a carbon fiber, shaped composite sub tefleand its typical surface accuracy is
0.004 inches RMS. It is accurately positioned festtefficiency. It is supported by the
sub reflector quadripod structure

Turning Head

The Turning Head is a welded box and beam construgtith an integrated machined
boss to interface with the azimuth bearing/geaerasdy. The elevation pillow block
mounting surfaces of the Turning Head arms are madhlevel and parallel to the
machined azimuth bearing interface flange of thenihg Head base. In order to speed up
field alignment, the Turning Head arm connectiorth® Turning Head base is designed
to be a flange type connection machined paralléhécazimuth bearing mounting flange.
The alignment of Turning Head components is vetifiering shop proof assembly.

The Turning Head base provides machined mountarggéts for the elevation gearboxes,
shock absorbers, and stow pin assembly. Spediadtaty screws that facilitate jacking
the gearboxes to position as well as providingrteeessary hold down feature achieve
the alignment of the pinions to the elevation gear.

This structure also provides machined mounting padazimuth gearboxes. Location of

azimuth gearboxes, coupled with external gearinghef azimuth bearing assembly,

provides easy access for maintainability of therlg@ees and azimuth gear. Stiffeners are
provided at maximum stress points to minimize latstortions. A special feature of this

structure is that, because of the machining totamchieved in the factory, adjustments
of the gearboxes are minimized during field instiédn. Outboard bearing supports are
provided for azimuth and elevation drive piniononder to increase life and stiffness for
the respective drive systems.

Elevation Gear

The elevation drive consists of one precision, -batiklash ball screw actuator,
gearboxes and motor. The ball screw actuator issmed to provide long life and require
minimum maintenance. The gearbox provides the progeo to meet the drive speed
requirements. At any elevation angle the drive ésnpanently in compression hence
eliminating backlash and this system has been prowevork very well. Life testing has
been conducted on this elevation system that detmated (for a NASA application) over
20 years expected life for the ball screw jack. Da# screw jack is also extremely easy
to replace should maintenance or replacement eveebded. The extendable boot over
the large jack screw is a regular maintenance it is also easy and low cost to
replace.
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Elevation Bearings and Pillow Blocks

The elevation stub shafts are supported by sejfimg spherical roller bearings (SKF)
with minimal internal clearance. These bearings tevased in fabricated steel pillow
blocks designed for strength as well as stiffnesstead of standard cast pillow blocks.
The bearings are pre-loaded in the shop by forthegoearing up the taper of the shaft,
thus removing any internal clearance. A lock nuhsgtalled at the end of the shaft resting
on the inner flange of the bearing to secure aniditaia the pre-load.

Azimuth Drive

The azimuth drive includes an integral pinion, hareel with interlocks, fail-safe brake,
and AC drive motors and gearboxes. The gearboxes lelical gearing for efficiency,
smooth operation and long life. The gearboxes wdsnerged oil bath lubrication
systems with a single all season oil.

The brakes are mounted at the end of the drivendsdgefor ease of maintenance.

Alternatively, they can be through shaft mountedween the motor and gearbox.

Mounting of the brakes directly on the gearbox tesadvantage that they are available
for holding the antenna even if the motors are nexdo

Brakes
Each drive is equipped with a spring set electneddase fail-safe brake by Sterns. The
brakes are sized to hold the antenna at wind lopde 100 mph at the stow position.

Electromechanical Limit Switches
Pre-limit and final limit switches are provided each axis to prevent over travel. For
redundancy, pre-limits and final limits are alsopded in the software.

The first, or pre-limit, operation prevents appiica of drive power in the direction of

the encountered limit. Final limit switch operatimmoves power from the drive motors
and sets the brakes. The antenna must be manuasigndut of the final limit, the pre

and final limit functions are obtained from cam @ied switches on each axis.

Azimuth and Elevation Cable Wraps

Electrical cabling that crosses the azimuth axissgiirough an azimuth cable wrap that
accommodates the antenna azimuth travel.

The azimuth cable wrap is capable of carrying b# Patriot supplied cables and

customers additional requirements and is conseeigtdesigned to operate well beyond
+270 degree antenna azimuth travel.

The elevation cable wrap, mounted inboard of orewvatlon bearing, carries power,

customer’s cabling, and signal cables across tbeagbn axis. One end of the cable
bundle is secured to the platform and the otherierafamped to the rotating Reflector

Support Structure so that the mid-point of the fé&ction passes through the elevation
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axis. The cables are installed so they are strdigtibtent) when the antenna is at a 45-
degree elevation to keep cable flexure to an absohinimum. Cross axis waveguide
runs can also be incorporated if required.

Azimuth cable wrap pictures
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Emergency Switches
A group of emergency switches and a group of sasetifches are provided on the
antenna for emergency situations and for routinent@aance modes. Emergency
interlock drive disable switches are located inftiilowing areas:

a. Elevation drive area

b. Azimuth drive area

c. Access areas

Drive disable safety switches are provided to desabe drives when the drive system
hand wheels are engaged. Operation of any of tfetysdevices results in removal of
drive power from the motors and application of tirakes. The drive systems remain
inoperative until the emergency switches are res#te unsafe condition is corrected.

Fasteners

All standard fasteners are ASTM A325 high strendibr special connections such as
bearings and drive components, Grade 5 or Graderd@Mare may be used with special
corrosion treatment to avoid hydrogen embrittlemé&aisteners are either shop or field
installed utilizing “turn-of-the nut” method to inge proper tension instead of torque
wrench that is not reliable and difficult to inspec

Surface Finish for Structural Steel

The recommended surface finish system for this rmats steel structure is hot dip
galvanized for all structures where this is pradti€or steel structures that are too large
or complicated for hot dip galvanizing it is recoemded the structures are sand blasted
to near white in accordance with prior to paintwigh a customer approved paint system.
All aluminum structures including reflector paneldl be painted white in accordance
with the customer’s specifications. The antennamaments are touched up in the field
during installation. A procedure will be issued fibre control and inspection of the
surface finish, both for shop and field application
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Main System Interfaces

Optional
T
Position Limit Azimuth & Elevation Rotary
Switches S:;ctu:urized TX ||1hi|::3i1 Encoders
\ Signal to Relay Switch e
Angular travel stop signals I Angular position of a mator
Shaft via digital coding
Remote
Control Unit A Contral Antenna
Signals Control

Unit

Local Area &— P
Metwork

(LAN)
Angular motion command
signals, local & remaote contral
Azimuth Reverss -
Master Motor Torque Azimuth
Drive Unit Bias - E‘[;I.'_we ﬂ“’f““
signals rive Unit

Angular maticn

Angular metion command signals command signals

Azimuth
Slave
Motor

Angular metion commaned

signals, local & remote contral

Elevation
Maotor Drive
Unit

Angular mation
Command signals

Elevation
Motor

25

Cobham SATCOM Land System Patriot Products Phone (517) 629-5990 - Fax (517) 629-6690 - 704 North

Clark St. - Albion, MI 49224 - www.sepatriot.com



Control and electrical system main diagram

MAIN CONTROL PANEL MAIN EL MAIN & BACKUP EL MAIM & BACKUP
R — . CONTROL LIMITS, TURNING LIMITS
| AZ - MAST i PANEL HEAD ESTOP
| UNIDRIVE I BUTTON
_________ \ i i JBOX (SKT1A)
430 VAC — I
3-PHASE | | | JBOX {SKTH)
ELECTRICAL | L !
POWER FROM | T AZ LIMITS, SECTOR,
| ELECTRICAL I A7 _ SLAVE I & PULL SWITCH
i DISCONMECT BOX | UNIDRIVE ! PEDESTAL
| |
| EMERGENCY ETOP
— ! ! JBOX {SKT3) BT
| | 1
L1, L2,L3, ' it JBOK {SKT4)
NEUTRAL, | . ! PORTABLE
GND ! ! UNIDRIVE " CONTROL UNIT
! |
| — I
[ H ! : JBOX (SKTS) EL MAIN ERAKE
|
BRAKE 1 (B1)
_________________________________________ . AZ MASTER MOTCR,
i : BRAKE, RESLOVER,
1 Optional 4E0 VAL to 220 VAC RED AVIATICN I &% THERMISTER
I TRANSFORMER OBSTRUCTION | 2 ENGODER
: — —— LiGHT(220vACH | MOTOR (M1}
(N S N
ENCODER 1 (ENC1)
AZ SLAVE MOTOR,
BRAKE, RESLOVER,
DISCONNECT LOAD CENTER Wi Ag0vAC D  THERMISTER
[y 1 WITH 110 VAC 2
220 VAC || | | RECEPTACLES MOTOR (M2) EL ENCODER
| SOURCE |
L & ON'OFF LIGHT
BULE SWITCH EL MOTOR. BRAKE ENCODER 2 (ENCZ)
RESLOVER, &
) , , THERMISTER
Figure 3 — Systamn Elactrical Power Connections
N MOTOR (M3}
Optlonal optlcal system communications connections
MAIN CATS'FIBER OPERATOR'S PC
CONTROL ADAPTER
PAMEL

FIBER
CATE

System main electric power required is:

408 volts 3 phase with a peak load of 16 KVA
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Axes position control electronics

The current design for speed and position conts#sulow cost COTS based, SP
Unidrives, micro-processor controlled inverter @svsupplied by Emerson Control
Techniques. Three drives are used for our tydi2ah applications, one for elevation and
two for the azimuth motors which are driven in agte bias mode to eliminate drive
train backlash. These drives provide closed lopged control using feedback from
speed encoders fitted to the motor drive shafts.

Solutions Module
slot 1 (Menu 15)
. Solutions Module

kMslolZ(Menum)
/%, _. Solutions Module
%i e slot 3 (Menu 17)
Aot

Closed loop position control is also implementekis tbeing one of the principal
applications of the Unidrive SP inverter drivesack Unidrive SP has three expansion
slots into which various option modules can beeditt Modules operate on the same
clock as the inverter drive and have full accesallitdrive parameters. The elevation and
one of the azimuth drives are fitted with an SMémsal Encoder module that enables it
to read the angles output by the Heidenhain elewadnd azimuth axis encoders. The
data format produced by the encoders is EnDat wikielfour wire serial interface.

The basic inverter drive contains firmware for sienposition control applications.
However for the present purpose it is necessarfitteach drive with Application
Modules. These are additional processors hostedhby drives, which are user
programmable in Drive Programming Language (DPLProgrammed tasks can be
prioritized, the most time critical (such as pasitioop operations) are run at the highest
level (POS0) whereas the least critical are ruBASKGROUND.

The position loops are implemented in Applicationdvle firmware to generate velocity
commands that are written to the speed loop residetine basic drive firmware. The
position loop is a Pl controller with velocity feéatward. The speed loop with the drive
is a PID controller and its torque command outmuiapplied to a Pl motor current
controller.

Elevation and azimuth position command data is riedd the Application Module
firmware in a variety of formats including analogualtage or current and all standard
machine control serial data protocols such as MadBuwofiBus, etc.

The position control loops update every 4 ms.
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Implementing the position loops as proposed hasdvantage of using only standard off
the shelf components. Also the entire positiontidler function is run from a single
clock eliminating the timing problems often encarett when position and speed loop
functions are executed on separate, unsynchropizegssors.

Overview

The controls industry has evolved networked sohgtiand equipment for the control and
monitoring of hundreds or even thousands of mashpeeforming synchronous,
precision tasks, for example in large process pla@ontrolling the an array of antennas
to observe the sky poses much the same techniabéicbes and so the control solution
proposed here draws heavily on proved availabken@ogy from the process control
industry.

The Controller is a single enclosure and uses widgly available, COTS hardware. No
custom antenna control unit (ACU) hardware, or ssgacomputer, is required. All
Controller software tasks are synchronized ancreeuted at intervals appropriate to
their functions, one of the fastest being the pasiloop which typically runs every 4 ms,
i.e. 250 times per second.

As common in process control, a Master/Slave comiterface protocol is used, in
which the antenna is the Slave. This protocainglemented via a TCP/IP Ethernet
interface, so that antennas can be networked bireantennas can be readily controlled
and monitored by client application programs, aa support simultaneous multiple
connections. Security and priority facilities arevided.

The Control System is designed to be synchrond@bst is, each antenna has its own
accurate clock which it uses to execute time-stahtaek data downloaded to it ahead
of time. Subsequently therefore, the instantang@oirgting of an antenna can be relied
upon without having to read the antenna’s posiincoders, which in any case would
introduce inaccuracies due to latency.

A number of features incorporated in the Contradlies particularly relevant to array
operation. Firstly, the Controller implementsyéal time, pointing corrections
calculated from a nine term pointing error modehese corrections are specific to each
antenna and are required to accommodate the sotatidvitable misalignments of the
antenna axes. The advantage provided is thatetiveork control system can broadcast
identical pointing coordinates to all antennas, doés not have to pre-correct data
individually for each antenna. Secondly, the Calfgr can be enabled to make
automatic correction to elevation angles for atrhesic refraction.

Time-stamped coordinates can be downloaded toealafinack for an antenna to follow,
and offsets can be superimposed onto a running.tf@ata can be loaded for any time in
the future and can be streamed to the Controllethe fly'.
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Note that the Controller can accept position datAamuth and Elevation (Az/El)
coordinates oas Right Ascension and Declination (RA/Dec) (J9Gfrdinates.

When provided with a single RA/Dec coordinate pidie, antenna tracks that point on the
sky. RA or Dec offsets can be introduced, for eplento investigate the sky around a
point being tracked. Alternatively, time-stamped/Bec data can be sent to the
Controller. In this data mode, very much fewemldadints are required to track objects
such as planets.

A summary of the Controller’'s principal featuregigen below.

* Whole system is in a well proven RFI tight encl@surhis enclosure is housed
inside the pedestal for an additional layer of snneg

» State of the Art Motion Controller Technology farcarate positioning and
tracking

» Acquisition and autotrack on any band (using tragknputs from Customer
supplied RF systems and feeds)

* Program points, manual and 2 line ELSET modes

» All Antenna Specific calculations and corrections emplemented in within the
Controller

* Comprehensive Monitoring, Diagnostics, and Faupdeng

» Ethernet TCP/IP multi-client Interface

e Built-in Pointing Correction for axes misalignmentsng a 9-term pointing error
model

e Built-in Correction for Atmospheric Refraction gquired

» Tracking from time tagged Azimuth and Elevationadiles

» Tracking from time tagged Right Ascension and Detlon data files

* Pointing offsets (Equatorial and Horizon Coordisatuperimposed on track
profiles

* Builtin real time clock synchronized to a netwdirke server using the SNTP

» Capacity to handle control and monitoring (analogne digital) of external
equipment such as feeds and receivers.

« API for remote installation of software updates amabifications
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CONTROLLER PHYSICAL DESCRIPTION (4 drive 12m versio n)

The Controller is housed in a single RFI tight esare mounted in the antenna pedestal.
See the photographs below for example of a typindl

The Controller power isolator is mounted in a smsal-enclosure to the bottom right of
the main enclosure. This isolator can be padlockeélde OFF position.

Front panel controls and indicators are kept taramum as it is expected that the
antenna will be controlled remotely, except forasional service and maintenance. This
also helps to reduce RFI emissions.
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Front panel controls are as follows.

* Emergency Stop Button
* Function Switch with the following positions
o REMOTE
o OFF
o STANDBY
o OPERATE
* Power Indicator Light/Reset Button

The enclosure door is not interlocked as theraarexposed AC power terminals inside.
This allows a suitably qualified engineer to acabégsmotor drive keypads for
maintenance purposes. Note that the drive keyaadprogrammed so that they display
the elevation and azimuth angles by default on pape

All connections to the Controller are via the boitpanel. Also mounted on the bottom
panel is socket for connection of the pendant lao#l which is used to drive the antenna
when in LOCAL mode.

PENDANT LOCAL UNIT
A pendant local unit is provided for simple locahtrol of the antenna for maintenance
purposes.

The pendant local unit connects to the Controliaridm of flexible cable, which is
sufficient to reach the turning head. With the alter in Local Mode, toggle switches
on the pendant local unit allow each axis to beairiat pre-set fast or slow speed. Note
that the operator must hold the switches to maintaavement, i.e. the antenna stops
when the switches are released.

An emergency stop button is mounted to the penldaat unit.
LEDs on the pendant local unit indicate the linttgs. A soft limit is indicated by a
flashing light. A continuous light indicates ttaalimit switch has been reached, although

this is not possible in normal operation and wité kimits set correctly.

MOTOR INVERTER DRIVES
The servomotors are driven by fully digital, vatefrequency, PWM drives.

A schematic of the digital current and speed laopefach motor is given below.
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The motor current control loop is a Pl loop withifP1D speed loop. The latter takes its
speed feedback from the motor shaft encoder. gt ito the speed loop is a digital
speed demand (0.001 rpm resolution). Torque ferddrd can also be injected directly
into the motor current control algorithm to impraaeceleration of high inertia loads.

MOTION CONTROLLER ALGORITHMS

The Controller makes extensive use of motion cdietrtechnology. Profile Generators
algorithms take the user position demands and genarsequence of position and
velocity/time values which move the antenna frasmitesent position to the desired
position by following a profile which works withitme velocity and acceleration limits of
the mechanical system. The velocity/time profileyides the reference for the speed
loop and the position/time profile provides theipos reference for an outer position
loop.

For example, to make a step position change, azmgal position profile is calculated.
The profile first causes the antenna to acceledateaximum preset rate to its maximum
speed (assuming that sufficient distance is aviailbdo so). The maximum speed is
maintained until it is necessary to commence theimam rate deceleration required to
bring the antenna to a halt at the target positibime target is therefore reached in the
minimum possible time. Note also that the anteamiaes at the target position with
theoretically zero velocity, and so overshoot isimal.

The role of the position loop in this arrangemertbi correct minor pointing departures
from the generated profiles and to provide distndearejection, primarily that due to
wind gusts.
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EMERGENCY STOP SYSTEM
The Controller contains a two channel, safety rel@lye relay is operated by emergency
stop stations in several locations.

« Controller front panel

* Pendant Controller

» Exterior (adjacent to the door)
* On the wheel and track base

The relay’s two safety channels are also conndtitedigh the elevation backup limit
switches and the azimuth key switch (See BACKUP MBWITCHES).

The safety relay needs to be set during system ipowe.e. loss of power causes the
relay to trip.

When an emergency stop button is depressed theésr@lgtantaneous safety contracts
open, tripping the drives and causing all axeserdgom the quickest possible emergency
stop. After a pre-set delay, typically of two seds, the relay’s delayed contacts open
causing the drive three-phase contactor to opemeandve AC power from the motors.

The external trip method is generally preferrethienable/disable method as it requires
a drive reset to restart the system following aemg@ancy stop.

CONTROLLER CLOCK
The Controller runs a real time clock which it setsl regulates using time data obtained
via the Ethernet interface using the SNTP (Simpéadrk Time Protocol).

A customer supplied SNTP server must thereforevhéadble to the Controller on the
local network. The SNTP server can in turn geetusing the NTP (Network Time
Protocol) for example from a chosen national steshdafrom a local time standard. A
single SNTP server can be used to provide timeldoge number of antennas and time
requests from an array of Controllers can be stagge time to avoid network
congestion.

The Controller provides status information to iradecfailure of the SNTP server to
respond; in which case the Controller clock corgmto run with the time rate correction
determined when the SNTP server was last accessible

Tests over extended periods have shown the maxelifte between Controller time and
SNTP time in such a system to be less than 20sedénds. Latency was a problem in
this measurement and it is possible that the tmoe & significantly less.

The Controller requires the time offset between @h@l UTC. This value can be
obtained from time services and is subject to updathe end of each June and
December. Updated values can be input to the Gartvia the remote interface.
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MOTORS
The elevation and azimuth motors are fully-shieldagshless, AC servomotors.

All motors are fitted with shaft speed encoderbede are high resolution encoders,
giving around two million positions per revolutido, give smooth speed control at very
low speeds.

All motors are fitted with thermistors which are mitored by the Controller as one
means of protecting against damage due to ovengealihe drives also run thermal
models of the motors to provide early indicatiordefeloping problems.

BRAKING SYSTEMS

The two azimuth motors incorporate shaft mountddihg brakes.

Two holding brakes are used in the elevation dsixeem. One brake is incorporated in
the motor, exactly as for azimuth. The secondlarger brake is between the elevation
motor and the elevation gearbox. Each elevatiakebis capable of holding the antenna
on its own. It is therefore possible to removedlevation motor, which includes the
motor brake, whilst the antenna is held by the séddwake. The two elevation brakes
are operated by brake sequencer algorithms runmidigferent processors. The second
brake is fitted with a micro-switch which the Caiter reads to determine the brake
status.

All brakes work in a failsafe mode, so that a brekapplied when the supply is removed.

The Controller monitors the current drawn by eadké to check that the current drawn
is within a preset current window. Should the entrfall outside this window, the
Controller returns to Standby mode and indicatiba brake current fault is given in the
status information provided via the remote integfadhis system helps to prevent the
antenna from being driven against a brake, for gam the event blown brake fuse.

SOFT LIMITS AND LIMIT SWITCHES

The first stage of travel range protection is d bfit system. If an attempt is made to
drive either axis beyond a soft limit value, thésaxill move only to the soft limit value
and not beyond. The antenna can of course berdoweof a soft limit. Note that if a
soft limit is reached in one axis while trackinige tother axis continues tracking. Thus
for example, if a track is started on a source fgeitchas risen above the antenna’s low
elevation soft limit angle, the antenna initialtgtks in azimuth only and starts to follow
the source when the source rises above the soft lim

The soft limit values are set slightly within thegées at which the limit switches operate,
with a deceleration margin to ensure that the ar#t@an stop between the soft limits and
their corresponding limit switches. In normal itse not possible for the antenna to
travel sufficiently far to operate a limit switchf. a limit switch is operated it is possible
to reverse out of the limit.
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BACKUP LIMIT SWITCHES
A third level of travel range protection is proviti®r elevation and azimuth.

High and low backup elevation limit switches areumi@d so they operate just outside
the main limit switches. Thus they can only opeiiboth the soft limit system and the
main limit system fail. These switches are wiracemergency stop buttons so will stop
the antenna in all axes.

If the azimuth axes should overrun its soft linaitsl limit switches, a cord in the azimuth
cable wrap tightens and pulls the key out of adweich. This key switch is wired as an
emergency stop button so the antenna stops ireal ax

If either of these backup protection systems opdfat antenna requires attention from a
suitably qualified engineer to investigate the peaband to drive the antenna back into
its normal working range.

POSITION READOUT ACCURACY

The elevation and azimuth angles read from theasrscare available via the remote
interface to a precision of 0.0001 degrees. (Toet@ller also reads position inputs
from clients to 4 places of decimals.)

Note the angle displays on drives’ keypad disp&gsonly in millidegrees. This is
simply because of the limited number of charactsitpns available.

CONTROL INTERFACE PHYSICAL DESCRIPTION

Interface to the Controller is made via multi-maxgteical fiber. The fiber is fed through
a cut-off waveguide pipe penetration on the bottaoce of the Controller and routed to a
fiber media converter mounted within the enclosuree media converter is
manufactured by Phoenix Contact, part number FLIN00BASE-T/FO G1300.

RFI PRECAUTION S
The motor inverter drives and installation are geed to comply with EN61800-3 in the
Second Environment.

The above standard is mostly concerned with loguescy EMC. However the
Controller incorporates many additional featuresigiged to minimize RFI emissions up
to the microwave part of the spectrum, including fibllowing

» Each motor inverter drive is provided with threegd input filter to prevent
conducted mains emissions

» Ferrite rings are used on motor power cables

* Fully screened motor power and motor encoder/thretoncables

* Fully screened axis encoder cables
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* RFI Tight Controller enclosure

* Low RFI enclosure ventilation fan

* All penetrations of the Controller enclosure trelaa@propriately to prevent high
frequency radiation from apertures. Techniquekide EMC cable glands, cut-
off waveguides, and filter connectors, and bulkhidéets

* All mountings to the enclosure walls and door @&ed with electrically
conducting paste
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OPERATION

CONTROLLER STATES

The Controller has several possible states. Adadgproach is used so that a move can
only be made to a higher state if certain cond#iare met. If the necessary conditions
for transition between states on the ladder aremger met, the Controller reverts to the
state immediately below. The Controller state du@sautomatically resume a higher
state when the transition conditions are met again.

The states are as follows.

SYSTEM POWER OFF

With the system power isolator to the bottom righthe Controller enclosure in the OFF
position, the drive system is completely poweredxdiathe drive software is not running,
the motor inverter drives are not powered, andatitenna is held in position by the
holding brakes.

Note that a padlock can be placed on the systenepi@aiator to prevent power from
being applied, for example when the antenna isds@vn from service maintenance or
repair.

STANDBY

Closing the system power isolator applies powehé&oController’s processors which

then start execution of their programs. The Etbemmterface is functional in this state,
but only those commands which are valid in STAND&¥ executed. The axis encoders
are powered and can be read via the remote ingerfac

Three phase power is not applied to any of the mot@rter drives in this state.

STANDBY is the state that the Controller assumésran emergency stop has been
executed following activation of any of the emergyestop buttons around the antenna.

When STANDBY is entered from the SYSTEM POWER OEes the safety relay is
open and must be reset by operating the RESETrbattahe front panel of the
Controller or by sending a RESET command to theti@btar via the remote interface in
order to advance to the next state.

Internally the Controller operates a Run Permitesysdesigned to protect the antenna
from damage in certain fault conditions. For exbanih an axis runaway has occurred,
the Controller is restricted to STANDBY mode.
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OPERATE

Given that the necessary conditions, the Controlerbe put into OPERATE state either
in LOCAL control by means of the front panel switonh in REMOTE mode via the
remote interface.

In the OPERATE state, three-phase power is apphi¢de motor inverter drives.

In the absence of a drive trip (both master andestives in the case of azimuth) the
drives energize and the brakes are released, gtittnantenna under closed loop
position control.

When the OPERATE state is entered, the RUN Moaeiiematically set to STOP which
means that the demanded position is set equaétadiual position to prevent any initial
antenna movement.

Within the OPERATE state there are five possibldNRWodes.

= STOP - The motion controller generates a profil@ake the antenna from its
present speed and position to a halt, using a pdeseleration rate.

= POSITION —The motion controller generates a prdablenove the antenna from
its present speed and position to a given pos#étpoint, using preset
acceleration/decelerations and maximum velocity.

= VELOCITY — The motion controller generates a p®fib move the antenna from
its present speed and position to a given vel@gtpoint, using preset
acceleration/decelerations and maximum velocity.

» TRACK - A digital synchronizer causes the antermgynchronize to a track
profile, obtained for example by interpolation 4ént supplied, time tagged
coordinates, or as per the track modes required.

= A newly asked for (by Haystacks) position and vijomode is also included,
under separate document this new feature is destrib

The RUN mode can safely be changed at any timiaeallotion Controller generates a
profile to make transition between modes whilstaemmg within the mechanical limits
of the antenna.

Local control from the front panel of the Controlieses only STOP and VELOCITY
modes.
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PROTOCOLS SUPPORTED

» Web Page http — For simple applications it is g@edio control an antenna
through its web page. This has the advantageqoiinieg no client application
software, apart from a web browser such as Intéfrptorer, Mozilla Firefox,
etc. Itis not proposed to use the web serviae mgans of control for the present
application, but it is a simple method for viewiagd editing parameters and is
therefore a useful diagnostic tool.

= Modbus TCP/IP (or Industrial Ethernet) — This is frinciple means for
controlling and monitoring an antenna in this aqgtiion, as described later.

= SNTP (Simple Network Time Protocol) - The Controllises this protocol to
obtain time from a server in order to set and raiguits internal clock.

= SMTP (E-mail) — The Controller can be set up tadsame-mails to a specified
address when defined events occur. E-mails cataicoparameter files. This
facility is particularly useful for fault reportingnd logging.

» FTP — The principle use of this facility here isufgdate system files.

MULTIPLE CLIENT AND SECURITY FEATURES

Different user categories (e.g. Read Only, Gerldsalr, and Administrator) have
different levels of access to the Controller’s ifdee. Greatest security is provided using
the connection filter which allows access only sens with listed IP addresses.

The Controller supports simultaneous, multi-cliemtnections. Up to six clients can be
defined as priority clients by including their IBdxesses on a priority list. The total
number of allowed connections can also be setq@6}). If the number of clients
attempting to connect exceeds the total numbell@miad connections, the non-priority
client that has communicated least recently isatfisected. Priority clients are never
disconnected to make way for others. (In pradgtienormally best to have just two or
three priority clients, and to limit the total nuerlof connections to somewhat less than
the maximum theoretical number.)

INTERFACING TO THE CONTROLLER

Modbus is a widely used master/slave process dgmotocol. Here Modbus is
contained within a TCP/IP wrapper giving Modbus TiePotherwise know as Industrial
Ethernet.

Basically the antenna is controlled by writing \@duo registers within the Controller.
Data and status are obtained by reading registdtsegisters used to interface to this
Controller functions are 32 bit.

Several schemes are available to read and writ€dnéroller’s registers from client
interface software. One option is to use COTS MedBbCP/IP controls. These are
readily available for Window¥ and Linux operating systems. Another approacb is
use an OPC _(CE for Process ©ntrol) Automation server such as that suppliedhthie
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Controller. Either way, writing client interfacefsvare does natequire familiarity with
the Modbus TCP/IP protocol.

CONTROL VIA THE REMOTE INTERFACE
The Controller can be set to operate in Equat@2000) or Horizon coordinate mode.
Within each mode the following data can be input.

* Position Setpoints
* Velocity Setpoints
» Position Offsets
* Velocity Offsets
e Track Data, each line of data comprising
0 Azimuth/Right Ascension
o Elevation/Declination
o Modified Julian Day Number
o Time of Day
The Controller can store 2000 lines of time taggadk data. Data can be loaded ‘on the
fly’, i.e. while in track mode. A form of quadratinterpolation is used between data
points.

Principal commands are as follows.

e Power On/Off

e Standby/Operate

* Run Mode = Stop, Position, Velocity, or Track
» Offset Mode = Stop, Position, Velocity

* Enable Pointing Model corrections

« Enable Refractions Correction

 Stow

e Drives Reset

e Controller Reset

* Track Array Flush

Examples of values that can be polled to moniterattivity of an antenna are as follows.

* Encoder Readouts

e Position Errors

» Virtual axis angles (i.e. the demanded anglesackimode)
e Motor Currents

e Controller MJD

e Controller Time
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STATUS MONITORING
The Controller makes available several status watdsh, when decoded bitwise, give
status information.

Examples of status bits include the following.

* Local/Remote

» Contactor Off/On

* External Trip

* Drive Healthy

» Drive Energized

* Brake Energized

* Motor temperature warning

» Braking resistor temperature warning
» Brake current level alarm

e Stow in Progress

* Not at Position

* Not at Speed

* Not on Track

e Soft Limits

e Hard Limits

* Position Demand Limited

* Run Permit Error

* Watchdog status

* SNTP server not responding

DIAGNOSTICS

A set of registers are used to contain diagnosfariation for use in case of problems.
A wide range of information is covered such as ¢oges; trip history, motor
temperatures, and inverter output stage tempesauesincluded in the list. A general
method is also provided to read the value fromspecified register address.

A number of utility programs (for Window$ are supplied and are useful diagnostic
tools. For example a Scope program allows anyerhwalues (e.g. motor currents,
position errors, etc.) to be plotted and storéh antenna can of course be monitored in
this way whilst still in normal service.

APl FOR REMOTE ROGRAMMING
An application program interface (API) allows thertiroller software to be updated
remotely via the Ethernet interface, for examplengtall updates or add new functions.
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Antenna Pointing model corrections

Pointing corrections can be applied to the anglgpud from the axes encoders to
compensate for the pointing errors introduced byatrgnments of the azimuth,
elevation, and beam axes, and for gravitationadregition of the antenna structure. The
coefficients of the pointing model are stored ia thverter drive Application Modules so
that corrections can be applied to the receivedippsommands before being passed to
the axes position controllers. A nine term pointmgdel is used to correct for azimuth
axis non-verticality, non-orthogonality between sx&nd gravitational effects on
pointing. The user supplies a demanded angleKRghand the Controller automatically
applies a correction calculated from its model ioeints. Normally we would expect
users would prefer to do their own calibration édedmine the model coefficients,
although we can help with this if required. Thesaliso a facility for refraction

correction. Using pointing model corrections, w@eot to achieve a pointing error (for
spatial coordinates) of better than 0.005 deg ower full sky.

Local readout of azimuth and Elevation angles

Local readout of azimuth and elevation angles @vigied on the LCD displays of the
inverter drives. Note that these values are ctecefor axes misalignments according to
the pointing model coefficients stored in the dsive

Local position readout is not a high priority tagkd is therefore carried out as a
background task.

Angle Resolvers

Antenna azimuth and elevation angles are measwsiag tleidenhain 26 bit encoders.
Heidenhain rotary encoders are used extensivelyemrontrol industry and there is
extensive worldwide support.

Lightning protection:

Finials at the subreflector support apex and r&glteem, plus conductors to the base of
the pedestal are used for connection to the cuswligatning earthing system.

Aircraft warning lights

Standard high reliability warning lights are fittemlthe top edge of the reflector and
accordingly are included in this proposal
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Examples of thorough design employed by Patriot Amnna Systems

Finite Element Analysis Capability

Patriot Antenna Systems utilizes the latest comartd software tools to ensure an
efficient and accurate design process id used. Blachl design and drawings are
produced on AutoCad and SolidWorks using 3D maagltechnigues. Designs are
analysed and verified on ANSYS analysis softwaoa@iwith a number of in house
programs for mechanical and wind load analysis. Ririexpertise is aided by use of the
latest in software including HFSS and OSU desidtwsoe. Patriot’s extensive
mechanical and RF capability combined with thesatemputer tools provide it's
customers with both innovative and cost effectivieitsons.

Theodolite and photogrammetrytechniques are employed to measure the antenna
surfaces.

Locked Rotor Frequencyis expected to be excess of 2Hz

Full life, stress analysis and pointing error analgis can be conducted for a particular
application

Our 12m Antenna design has recently passed the NAS2DR and CDR stages and a
CSIRO CDR, and another US customers CDR.
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Examples:
Wind Pressure Distribution - ANSYS
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Typical Laser Tracker and Photogrametry Surfacesdeaments
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Documentation

Patriot uses the latest in computer-aided desigtibrary of previous documentation
allows the project engineer to efficiently produoew high quality documentation for
each project. In addition Patriot has a completdtithg and design department staffed by
expert designers equipped with Solid-works and B&#D workstations. All
documentation will be prepared in accordance wdgbdycommercial practice. Both text
and illustrations will be of good quality. Drawingasll be fully legible and can be cleanly
reproduced. The final handbooks and documentatiirbes delivered in rugged binders
that are suitable for heavy use at the earth stafatriot Antenna Systems Inc. will
supply all Operation and Maintenance documentatemuired to operate and maintain
the antenna system and associated equipment. Dotatwe will be supplied both
electronically and via hard copy (or as required).

Quality Program

Patriot is committed to the highest quality staddarAt Patriot, “prevention” is an
underlying concept. The concepts of working to preévproblems, and training people to
build the quality into their work, whether it benmig or engineering, are cornerstones of
our philosophy. An Internal Design Review Procesene of the “prevention” processes
built into the Project Management Process.
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Program Management Services

The primary mission of Patriot is the provisionhigh quality antenna products. In many
cases this includes services and activities weglbbd building and delivering an antenna.
Most projects involve design, coordination, ingtadin, training and testing that require
working closely with the customer for proper plamiand implementation. In these
cases a Project Manager is assigned and a Progtadément Plan developed to guide
the activities. The Project Management Plan assiasiot management and the
customer that the program has clearly defined rements, acceptance criteria,
buyer/seller responsibilities, project scheduledd®ri, cash flow plan and manpower
staffing plan. Patriot utilizes computer aided pobj management tools to assure
consistency between all projects and assure alje@raequirements are properly
accounted for. These tools allow management toeggde all manpower requirements
across all of Patriot’s current projects and armdplanning future resource needs. All the
documents that result from implementing the Progfdamagement Plan (PMP) are
computer generated and based on inputs from tjed®iManager and the Project Team.
The Project Manager is fully responsible for megtihe requirements of the contract,
and meeting the customer’'s expectations. Team mmdre assigned to the Project
Manager and are expected to meet his (or her) ¢qpmts as long as they are part of
that project team. The Project Manager is assigasdurces as required to provide the
skills needed to complete the contractual requirgme

Spare parts

A complete set of spare parts for future mainteaard repair of the antenna system are
available from Patriot Antennas Systems, Inc. Ritapes for installation of replacement
parts are detailed in the antenna Operations andt&feance Manual.

Testing

Patriot Antenna Systems, Inc. will carry out asgef on site acceptance tests to verify
that the delivered system meets the performanagreegents for this project. Patriot
expects to work with their customers to jointlyetetine an antenna acceptance test.plan

Warranty and maintenance

All equipment supplied shall be warranted for aqueof one year following installation
and successful testing of the antenna system.|Adcbmmended maintenance schedule
is in the operations and maintenance manual supplith the antenna. Maintenance
services can be provided if requested.
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Maintainability

All Patriots larger antennas are designed to allewy quick and easy access to the
maintenance locations on the antenna as can bdrseethe drawing on page 47. The
electronic drives are readily accessible for raitimintenance and inspection. Location
of the motors and brakes also provides for easgsscand maintenance. The drives
routinely monitor the motor temperatures to soodetk out for and report a potential
problem.

The azimuth bearing grease fittings are locatetherinside of the bearing race and are
accessed from the upper platform located insideéuestal tube.

Even the main elevation jack drive or motor carch@&nged out easily if ever required
after an extremely extended period (although éfgihg predicts a 20+ year life).
Assuming correctly performed routine maintenancese&no reason why the service life
of these antennas should not easily exceed 30.y&&aes main potential wear out parts
motors and the elevation jack are extremely eadyl@m cost to replace compared to the
older style of antenna designs. A detailed sebofine mechanical maintenance
requirements extracted from our full Operation arantenance manual are shown
below.

VISUAL INSPECTION
Visually inspect all structural and mechanical comgnts for signs of damage and/or
wear. Check hardware for tightness and generalitondVisually inspect paint for
sign of weather damage or peeling and repair asresi]

PEDESTAL DOOR HINGES
Inspect pedestal door hinge and latch for properatfwn. Apply spray lubricant to
each hinge on the pedestal door. Remove any excess.

AZIMUTH BEARING
Visually inspect bearing seal for signs of damagexzessive leaking. Lubricate the
azimuth bearing via the two grease nipples locatéte inner raceway. Access to
the lubrication points is from the platform insittie pedestal at the azimuth cable
wrap area. Lubricate with 10 shots of grease dt &Hing per the maintenance table
frequency page 17. When the antenna is returnsertace rotate the antenna +/-
180° in order to spread new lubrication throughbetbearing.

AZIMUTH GEAR AND PINION
Check azimuth gear teeth and pinions for obviogsssof damage or wear. Lubricate
gear and pinion teeth liberally with a heavy dugaigtooth lubricant grease. Make
sure all exposed surfaces of the gear and pintuéricated as this also acts as the
corrosion prevention for these components.
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AZIMUTH GEARBOX
Visually inspect for signs of leaks or damagedsdaeémove oil fill plug and check
oil level in gearbox. If low add oil to approprideel and replace fill plug. Inspect
oil drawn when level is checked for any signs ofaher overheating. If necessary
drain gearbox and refill with new oil.

ELEVATION SCREW JACK
Inspect the elevation actuator bellows for damamgkveear. If bellows integrity is
compromised replace with new one. Loosen clanfgoaom of bellows and pull
bellows back to expose the actuator screw. Insgzetv for damage and/or wear.
Apply a liberal amount of grease to the screw. Repbellows and clamp after
inspection and lubrication of the screw. Greaseattigator with 10 shots from hand
held grease gun at each lubrication fitting.

ELEVATION GEARBOX
Visually inspect for signs of leaks or damagedsdaeémove oil fill plug and check
oil level in gearbox. If low add oil to approprideel and replace fill plug. Inspect
oil drawn when level is checked for any signs ofaher overheating. If necessary
drain gearbox and refill with new oil.

ELEVATION JACK TRUNNION AND JACK PIN
Lubricate the 2 elevation trunion pins found atjek mounting inside of the turning
head with 4 shots of grease at each fitting. Luatheiche jack pin via the lubrication
fitting found on the jack rod end at the hub conioecwith 4 shots of grease.

ELEVATION AXIS BEARINGS
Inspect elevation bearing seals for signs of damagxcessive leaking. Lubricate
each elevation axis bearing at the lubricatioimfitfound on the elevation axis lug
found on the turning head. Apply 4 shots of grestseach fitting.

ELECTRICAL SYSTEMS CHECK
Check all wiring, conduit and connections for pnojpstallation and integrity. Check
cable wraps and axis cross over for proper operainal strain relief. Repair any
damage and defects prior to returning antennarticse

CORROSION PROTECTION AND CONTROL
Visually inspect the painted structure for damagsigns of corrosion. Where
required, wire brush the affected area to remoxte @brrosion and loose paint.
Apply 1 coat of a good quality primer followed by@ats of white paint.
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REFLECTOR SURFACE

Visually inspect the reflective surface for sigh®rcessive dirt, damage and/or

weathered paint. Clean surfaces using warm soapraa required. For damaged
surfaces light sand the selected area, takingrastrem damage reflective surface, and
repaint with 1 coat of primer and 1 coat of wiptent.

Typical mechanical maintenance schedule:

MAINTENANCE RECORD TABLE

Frequency Type Type

Lube Months of of No. of Lube

Point # Description 3 6 12 Service Lube Points Quantity
1 Pedestal Door Hinges X Spray Lube grease 2
2 Azimuth Bearing X Pressure Fitting grease*** 2 10 shots
3 Azimuth Gear and Pinions X grease** outer surfaces
4 Azimuth and Elevation Geardrives ok Crb Pipe Plugs SHC624
5 Elevation Jack Housing X Pressure Fitting grease* 2 10 shots
6 Elevation Jack Screw X grease* outer surface
7 Elevation Jack Trunnion Pins X Pressure Fitting grease* 2 4 shots
8 Elevation Jack Clevis Pin X Pressure Fitting grease* 1 4 shots
9 Elevation Axis Bearings X Pressure Fitting grease* 2 4 shots

X =Lubricate  |=Inspect  C=Change

* Grease- Use Mobil 1 synthetic

** Grease- Grafloscon
*** Grease- Molycote #33

***% |nspection requires checking for visible sigrof oil leakage, draining replacing and adding

oil to ensure appropriate oil level requirement&xcessively dirty oil will require fresh oil

replacement.

Periodic inspection procedurean be less frequent after first or second schddofgpections.

Clark St. — Albion, MI 49224 - www.sepatriot.com

If oil leakage is found to be examsgierform applicable corrective action.
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Elevation Jack
Housing

Elevation Jack
Trunion Fins

Elevation Jack
Clevis Pin

Elevation Jack

Ball Screw Azimuth Bearing
(access via service

AzZimuth and platformj

Elevation

Gear Drives Fedestal door
Hinges

Azimuth Gear
and Finions

A full set of instructions for detailed maintenanieeolving the full but simple
procedures needed to change all the major compoaeaavailable.
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Recommended 12m antenna system spare parts list

Ref. Sales Order(s):

Customers: (Standard 12m)

Job Order(s):

12m SPARE PARTS KIT

Lead | Qty.
Patriot Part time | per
No. Description Manufacture/ Part No. (wks) | Kit Vendor / Supplier
4EM0061 |ENCODER, 12m AZ & EL Heidenhain Model ROC 226 (see spec's) 10 1 Heidenhain Corp.
4EM0064 |CLUTCH BRAKE Lenze #BFK458-12N, 24VDC, 25mm bore 3 1 BRAKECLUTCH, LLC
4EM0o065 |LIMIT SWITCH, TOP ROLLER (1NC/1NQO) Honeywell #GLAA01C (inch) 3 1 Honeywell
4EMoo66_|LIMIT SWITCH, TOP ROLLER (2NC/2NO) Honeywell #GLAA20C {inch) 3 1 Honeywell
4EM00S9 |MTR,12m AZIM SERVO-CONT TECHNIQUES Control Techniques #142U2D301VASAB165240 6 1 | Contrel Techniques UK
4EM0100 |[MTR,12m ELEV SERVO-CONT TECHNIQUES Control Techniques #142U2D401VASAB165240 3 1| Control Techniques UK
4EM0102 |DRIVE.12m SERVO MTR ELECTRONIC Control Technigues #5P1408 2 1 | Control Technigues UK
4M00162 |BOOT,12m ELEVATION JACK Joyce-Dayton #09050056 2 1 Joyce-Dayten, Inc.
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Some of Patriots Antenna systems facilities
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Patriot advanced manufacturing facilities for largeantenna components

Stretch forming Laser cutting

Water jet cutter
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Easily accessible
motors and
gearboxes

In pedestal
electronics

Patriot’s 9.4m Antenna
with hot air de-ice system
on customers pedestal.

Patriot’'s 12m Antenna and
pedestal showing some of the
unigque maintenance features

Easily
replaceable
jack
system, no
crane
required
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Completed 12m antenna at Patriot, for the DSN Array
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12m antenna rear view
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One complete Patriot 12m antenna being loaded intwvo shipping containers for sea
transport
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Patriot Antenna Systems

FEP Price proposal

12.1m antenna system.

Description Price each in $ USD
12.1m antenna system suitable for primary use
from 1.5 GHz to 17GHz, 5 Deg/ sec in Azimuth $548,000
and 1.25 Deg/ sec av. in elevation
Optional S/ X band dual polarization CP twin
band, 4 output feed $65,000
Optional S and X band LNAs (4 total) $21,500
Optional loop couplgér?gt plus one X band WG $7.400
Optional waveguide dehydrator inlet ports, $1.070
one X band and one S band '
Optional external access ladder $2,000
Optional set of spare parts as suggested on page 51 $21,712
Total (with all options) $666,682

All the above prices are FOB Albion Mi.

Patriot price for installation (Excluding civil wks and machinery rental): An additional
$57, 211 plus approved Travel and living expenses Ruerto Rica for our

installation team. Assumes some local staff (technicians and labeneravailable to
help and the concrete foundation is provided iroed@nce with Patriot supplied
information.

Price for sea transportation, insurance etc tosistimated &22,000per antenna.
Antenna ships in 2 standard HC 40ft shipping corwias.
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Proposed payment Milestones (Based on all quoted figns included)

PATRIOT ANTENNAS SYSTEMS MILESTONE SCHEDULE

Event Milestone Date Milestone % Milestone $

Start Up Review/KO Y2 MARO 25 $166,670.5

Ship Antenna to Site TBC 65 $433,343.3
Installation/Test/Full Commissioning 4-5 MARO TBC Last 10% of| $145,879.20
and sign off including commissioning antenna plus

and delivery commissioning
and delivery
100 $745,893

Installation could commence in Feb/Mar 2010, ifeystl in Nov 09, i.e. 4-5 months
ARO.

Payment terms net 30 days, payment milestonesca® ab

The above proposed prices are valid for 60 days fite date on page 1

Summary:

We hope that the above is sufficient to demons#ateiot Antenna Systems competitive

capabilities and we look forward supplying oneladde antenna systems.

Yours sincerely

Peter Shield

For Patriot Antenna Systems

Proprietary notice

The data and prices contained within this document are the
proprietary data of Cobham SATCOM, Land Systems, Patriot
Products Inc. Neither the document nor the information contained
within shall be used, reproduced, or disclosed to others without the
written authorization of Cobham SATCOM, Land Systems, Patriot
Products Inc.
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