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SUMMARY OF
SPECIFICATIONS AND STATEMENT OF WORK
FOR
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Procurement Control Number NNG09258756R
The National Aeronautics and Space Administration, Goddard Space Flight Center, Wallops Flight Facility, Wallops Island, Virginia has requirements for an integrated S-band (2700-2900 MHz) dual-polarized antenna system. The antenna system shall consist of a parabolic reflector, dual-polarized feed horn, pedestal, drive motors, and servo-amplifiers. The system shall be capable of emitting and receiving both horizontal and vertical linearly polarized RF energy. 
The antenna system will be used as an integrated component of a transportable meteorological research radar, and all of the components, except the pedestal, shall be constructed so that they may be shipped in standard ISO seatainers with outside dimensions of either 2.44 m x 2.44 m x 6.1m (8’ x 8’ x 20’) or 2.44 m x 2.44 m x 12.2m (8’ x 8’ x 40’). The primary objective of the radar system is to collect meteorological research quality reflectivity, Doppler and polarimetric data at various locations in the world. The antenna system shall be capable of handling up to 1.0 megawatts peak pulsed power with pulse widths up to 2 microseconds and pulse recurrence frequencies up to 1200 pulses per second. The antenna will be scanned in the azimuth and elevation planes; it will not be used for closed loop tracking. The antenna-pedestal system will be designed to operate without a radome under wind, acceleration and environmental conditions as specified in this document. 
A high performance antenna is required for accurate measurements of dual-polarimetric quantities. The electrical specifications of the feed/OMT, reflector surface accuracy and secondary patterns are hence stringent as specified in this document.  The Government will require a preliminary design review (PDR), a final design review (FDR), and range testing at which time the contractor will certify that all specifications have been met. Full acceptance by the Government will occur after contractor installs the antenna on the pedestal with precision alignment and demonstrates that the reflector surface accuracy satisfies < 0.02" rms. 
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STATEMENT OF WORK
FOR
DUAL POLARIZED ANTENNA SYSTEM

Procurement control Number (PCN) 4200258756

1.0
GENERAL 

The term “Government” as used in these specifications refers to: 

The National Aeronautics and Space Administration 

Goddard Space Flight Center 

Wallops Flight Facility Wallops Island, Virginia 

These specifications describe the NASA Wallops Flight Facility requirements for delivery of an integrated S-band (2700-2900 MHz) dual-polarized antenna system. The antenna system shall be comprised of a parabolic reflector, a dual-polarized feedhorn with support struts, pedestal, drive motors, and servo amplifiers. The antenna system will be used as a component of a transportable meteorological research radar. The primary objective of the radar system is to collect meteorological reflectivity, Doppler and polarimetric data at various locations in the world. 
To accomplish this, the system shall be designed for ease of transportability, assembly and disassembly, operation, and maintenance. In particular, the antenna-pedestal system will not be housed inside a radome.  

The reflector, feedhorn, support struts, and pedestal shall be constructed so that they may be stored and shipped in standard ISO seatainers with outside dimensions of  either 2.44 m X 2.44 m X 6.1m (8’ X 8’ X 20’) or 2.44 m X 2.44 m X 12.2m (8’ X 8’ X 40’). Note that the inside dimensions are approximately 0.152m (6 inches) less than the outside dimensions. Due to the anticipated size and weight of the pedestal, it may not be feasible to ship the pedestal in a seatainer. The contractor shall recommend alternate methods for shipping the pedestal. Methods of shipping that involve the use of a shipping cradle and/or a shipping crate will be considered by the Government. 
The servo amplifiers and other antenna control equipment should be installed in government furnished racks (standard 19” panel width) near the radar operator’s console and up to 30.5m (100 feet) from the antenna system. However, the Government will consider other arrangements if warranted by the proposed antenna and pedestal design.
The radar system, of which this specified antenna system will become a part, is used to observe meteorological phenomena. The measurement of the differential reflectivity has been shown to be useful in defining the state of precipitation and precipitation intensity. Thus the horizontal and vertical co-polar patterns must be closely matched in the specified (-planes (the angle ( is defined below). Cross-polarization isolation is important in identifying the shapes/orientations of the particles in the beam of the antenna. Low side lobes are also important because the targets of interest are distributed (rain, hail, snow, clouds, etc.) and the reflectivity amplitude is effected not only by the main lobe pattern, but also by the integrated values throughout the side lobe region of the pattern. The antenna will be scanned in the azimuth and elevation planes; it will not be used for closed loop tracking. In order to clarify these specifications, the angle phi (() is the angle measured counter clockwise (as viewed from the back of the reflector) from the local vertical in a plane normal to the boresight axis when the antenna is pointing horizontally. The IEEE Standard 145-1983 definitions shall apply to all variables. 
2.0 
SCOPE 

These specifications define the performance, functional requirements, documentation, acceptance testing, and operator training for the system. The system design must facilitate ease of transportability, assembly and disassembly, operation, and maintenance and must emphasize the recognized principles of human engineering to the highest degree. Materials and parts not specifically defined herein must be of the best commercial quality. The equipment must meet the performance requirements of this specification without making special adjustments for any one parameter. Commercially available parts must be used wherever possible. 

3.0 
SYSTEM PERFORMANCE SPECIFICATIONS 

3.1 
Transportable Dual Polarized Antenna System 

The antenna system will be used as a component of a transportable research radar system with the capability of operating at any site in the world.  The antenna system will not use a radome.
Since this system will be transportable, the antenna system may be assembled and disassembled several times a year. The system must meet all electrical and mechanical specifications after being assembled and disassembled numerous times. 

Since international deployments of this system are expected, the optimal configuration is to have the antenna and pedestal components pack into standard ISO seatainers for transport.  Either 2.44 m X 2.44 m X 6.1m (8’ X 8’ X 20’) or 2.44 m X 2.44 m X 12.2m (8’ X 8’ X 40’) containers are acceptable.  The contractor shall supply the seatainers and fit them with reusable shipping boxes, permanent cribbing, and/or tie down points, as needed to protect the components during shipping.  The shipping configuration design shall provide a way to load, unload, and assemble the antenna and pedestal using only manual labor and a 45 ton crane.  Modifications to the seatainers shall not compromise their structural integrity nor affect their certification for normal transport by container ship. If necessary, a non-standard permanent reusable shipping crate for the pedestal may be proposed as an alternative, albeit less desirable shipping method. 

Ultimately, it is planned that the pedestal and antenna will be supported by a portable foundation which would sit directly on the ground without requiring a traditional concrete foundation.  The design and construction of this foundation is outside the scope of this RFP.  However, this plan will require a minimum height of 25 feet to the elevation axis above the bottom of the pedestal support tube.  The foundation design and construction will be covered by a separate RFP.

3.1.1 
Antenna Type and Gain
The antenna shall be a prime-focus parabolic reflector with a gain of at least 44 dB over the specified frequency band (2700-2900 MHz).  Henceforth, all measurements are to be performed at 3 frequencies of 2700, 2800 and 2900 MHz unless otherwise noted. However, the design shall be optimized for 2800 MHz.  The parabolic reflector surface accuracy shall be better than 0.020” root mean square. 
3.1.2 
Polarization
The system shall be capable of emitting and receiving both horizontal and vertical linearly polarized RF energy. 
3.1.3 
Feedhorn/OMT 

The feedhorn shall employ an orthomode transducer (OMT) with two waveguide ports for the horizontal and vertical linear polarized signals.  The co-polar and cross-polar feed patterns (amplitude and phase) shall be measured in an anechoic chamber in the ( = 0°, 45°, 90°, and 135° planes.  The co-polar (normalized) pattern symmetry of the feed in all 4-planes will be less than 0.5 dB from on-axis to –10 dB down, and within 1 dB to -15 dB down. This pattern symmetry over the 4 (-planes must be satisfied for each port. The on-axis cross-polar to co-polar ratio shall be at least -38 dB over the specified frequency range.  At the Government’s discretion deviations of up to 2 dB will be allowed over the specified frequency range.
The OMT port-to-port isolation shall exceed 35 dB and VSWR less than 1.2:1 over the specified frequency range.
3.1.4 
Support Struts 

Standard design for polarimetric antennas uses four struts to support the feedhorn. In this case the struts shall lie in the (=45°, 135°, 225°, and 315° planes as projected on the aperture.  
Alternate strut arrangements can be proposed but the contractor must demonstrate that the performance of the proposed arrangement will meet all the specifications and is equal to or better than the four strut design.  
If an alternate strut arrangement is proposed, then the ( planes described in all the relevant specifications shall be in the principal planes [0°, 90°] and the 'worst' case planes where strut blockage produces a 'ridge' of enhanced sidelobes. These 'worst' case planes shall be defined by the contractor based on far-field simulations of the patterns which include strut blockage or by other documentation.
3.1.5 
Waveguide 
Two separate RF waveguide paths from the feedhorn to a location near the base of the pedestal shall be provided. The two waveguide runs shall be attached to the two feedhorn support struts that lie in ( = 45° and 315° planes. The waveguide shall be RG-75/U and the waveguide ports near the base of the pedestal shall be terminated with either UG​584 or UG-585AIU flanges.  
In the event of an alternate support strut arrangement the contractor shall propose the path of the wave guide runs to the feed horn.
3.1.6 
Transmit and Receive Frequencies 

The system shall be capable of transmitting and receiving frequencies from 2700 MHz to 2900 MHz. 

3.1.7 
Power Handling Capabilities 

Each of the two polarized channels shall be capable of handling up to 1.0 megawatts peak pulsed RF power. The width of the pulse may be up to 2 microseconds, and the pulse repetition rate may be up to 1200 pulses per second. 

3.1.8 
Voltage Standing Wave Ratio 

The VSWR shall be less than 1.25:1 for the antenna alone and less than 1.35:1 for the antenna and pedestal. This requirement applies to both polarizations and over the specified frequency band.
3.1.9 
Beam width 
The 3-dB beam width of the co-polar patterns in all ( angles measured at ( = 0°, 45°, 90°, and 135° must be 1.0° or less when measured at both the horizontal and the vertical ports. This specification applies over the specified frequency band. 
3.1.10 
Main Beam Matching 
Main beam matching is specified by the maximum allowable difference of the 3, 10, and 20-dB beamwidths between the normalized H and V port gain patterns in each of the 0°, 45°, 90° and 135° planes as follows:


Max difference in 3-dB beamwidths:  

  <0.015° 

Max difference in 10-dB beamwidths:          

  <0.025° 
Max difference in 20-dB beamwidths:           
  <0.035° 
These specifications must hold for operating frequencies of 2700, 2800 and 2900 MHz. 
3.1.11 
Cross-polarization Ratio 

            The upper bound of the cross-polarization levels with respect to normalized   
 
co-polarization gain of 0 dB at boresight shall be as follows.

             In any of the 0°, 45°, 90°, and 135° planes:

                 (a) on-axis value:        < -38 dB 

                 (b) from -2° to + 2°:   < -32 dB

                 (c) all angles > 5°:      < -40 dB

At the Government's discretion, the bounds specified above will be reduced a maximum of 2 dB for items (a) and (c) only
3.1.12 
System Gain (Frequency Response) Flatness 
The system gain shall not vary by more than 1 dB across the frequency band specified in paragraph 3.1.6. The difference between the H and V-port gains shall not exceed 0.25 dB over the same frequency band. 
3.1.13 
Side lobe Envelope 

For both  ports of the OMT and in the Φ planes of ( = 0° and 90° degrees, the first side lobe level shall be at least -28 dB with respect to the boresight value. The side lobe levels shall be less than an envelope monotonically decreasing from the -30 dB level at 2° from boresight angle to at least -40 dB at 10° from the boresight angle. For all angles greater than 10° from the boresight, the side lobe levels shall be at least -42 dB with respect to the boresight level. At the Government's discretion, local peak deviations from this envelope will be allowed but not to exceed 2 dB from 2° to 6° from boresight angle.  

For both ports of the OMT and in the planes of ( = 45° and 135° degrees, the first side lobe level shall be at least -26 dB with respect to the boresight value. The side lobe levels shall be less than an envelope monotonically decreasing from the -26 dB level at 2° from the boresight angle to at least -38 dB at 10° from the boresight. For all angles greater than 10° from the boresight, the side lobe levels shall be at least -42 dB with respect to the boresight level. At the Government's discretion, local peak deviations from this envelope will be allowed but not to exceed 2 dB from 2° to 6° and not to exceed 3 dB from 6° to 10°.   
If another design for the support struts is used, e.g., a tripod-like configuration then the envelope specified above in the 0° and 90° planes shall apply. The contractor must specify the other specific planes where the enhanced 'ridge' of side lobes will occur. In these planes, the prior envelope specified for the 45° and 135° planes will apply.
3.1.14 
Collimation Error 

The system RF collimation error between the horizontally polarized RF axis and the vertically polarized RF axis shall not exceed 0.1° degree. 

3.1.15 
Antenna Patterns 
Co-polar and cross-polar antenna pattern measurements shall be made at the three frequencies of 2700, 2800, and 2900 MHz unless otherwise noted. These patterns shall be made at the phi angles of ( = 0°, 45°, 90°, and 135° degrees. Each pattern shall consist of the amplitude of the received signal. A copy of the measured patterns shall be provided to the Government. For details please see Section 4.3.
3.1.16 
Construction 
The reflector and pedestal assembly shall be constructed of the materials to meet the environmental specifications in Section 3.3. All hardware fasteners, such as bolt assemblies, shall be stainless steel to minimize corrosive deterioration. Galvanized steel fasteners are acceptable only if needed for additional strength. The construction shall be of sufficient quality for an operational life of 20 years without replacement or repair of any part due to component wear or corrosion.

 The antenna and pedestal components shall be primed and given at least two topcoats of Triangle 6 or equal white paint. 

3.2 
PEDESTAL SYSTEMS
3.2.1
 Pedestal Type 

The pedestal shall have the elevation axis over the azimuth axis.
3.2.2 
Antenna Velocity and Acceleration 

The required maximum rotational velocities shall be 18° per second and 12° per second, respectively, in the azimuth and elevation axes. The required maximum rotational acceleration shall be 20° per second per second in both azimuth and elevation axes. A complete mechanical analysis shall be provided that shows no degradation of the electrical performance under these requirements

3.2.3 
Rotational Limits 

In the elevation plane, the mechanical rotational lower limit shall be -3° or less, and the upper limit shall be +92° or more.  In the azimuth plane, rotation shall be continuous and unlimited. The antenna shall provide electrical and mechanical means to survive, without damage, a full velocity attack on the elevation limits caused by failure of the antenna control unit, software, or other cause.  Independently adjustable electrical limit switches shall be provided on the elevation axis. Wires from the switches shall be routed through the slip rings to a connector near the base of the pedestal. 

3.2.4 
Drive Motors and Gears 
The pedestal shall contain a dual drive system in both azimuth and elevation. Pedestal drive motors and gears shall be of sufficient strength to endure the specified antenna velocities and accelerations over long periods of continuous operation. The pedestal may continuously rotate in azimuth for several years, except for short periods of preventive maintenance.  Operations may include extended azimuth sector scanning and elevation scanning at fixed azimuths.

3.2.5
Pedestal Control System: 
Method 1: Digital 

The contactor will provide closed loop servo systems for the azimuth and elevation axes which will accept digital commands to control antenna position and motions.  Each axis can be dynamically set to operate in one of two modes:
Axis is commanded to move to a specified angle and hold that position ±0.1°until commanded to do otherwise.

Axis is commanded to accelerate to a specified velocity, and continue moving with that velocity ±2% until commanded to stop or change velocity.

In both cases user programmable acceleration and velocity limits shall apply. Separate acceleration and velocity limits shall be programmable for each axis. 

The control system will maintain adjustable elevation motion limits which will prevent the antenna from being driven into a mechanical stop.  These limits should be both software type (based on the encoded antenna position) and hardware type (based on mechanical limit switches).

The digital commands to establish the above operating conditions will be sent to the control system via a standard serial interface such as Ethernet (preferred) or RS-485, with an industry-standard protocol such as Modbus.  The source of the digital commands may be located up to 30.5 m (100 feet) from the antenna pedestal.

The application of brakes will be independently controllable for each axis using the same serial interface mentioned above.

Complete documentation of the digital command protocol for configuration and operation of the control system shall be provided.

Method 2: Analog
 The Government will use a RCP08 Radar Control Processor, manufactured by Vaisala\SIGMET, Incorporated, to provide the analog angle error drive signals to the servo amplifiers. These analog error signals range from 0 to ±12 volts maximum. The output impedance is l0K ohms.  The Government shall be responsible for interfacing the radar control processor to the drive system.  

Separate DC tachometers shall provide voltages proportional to velocity for both the elevation and the azimuth axes. Tachometer analog voltages that range from 0 to ±10 volts are preferred. 

Independent (except that a common power supply may be utilized) servo amplifiers shall be provided for the azimuth and elevation drive motors. The output of the servo amplifiers shall provide a drive motor torque that is proportional to the input error signal voltage. The servo amplifiers will be installed in government furnished racks (standard 19” panel width) up 30.5 m (100 feet) from the antenna system.

3.2.6 
Antenna Position Data 
The contractor shall choose one or more of the following methods for providing antenna position information to the Government data system. The wires cables conveying this information shall be terminated in a connector near the base of the pedestal.  The position information will ultimately terminate at the Government data system located up to 30.5 m (100 feet) from the pedestal.

Method 1:   One-speed synchro transmitters (or other suitable synchro device) shall provide azimuth and elevation position information to an accuracy of 0.1° or better. The synchro reference voltage shall be 120VAC, 60Hz, nominal, and the stator voltage shall be, nominally, 90 volts maximum. 

Method 2:   Binary angle data utilizing a minimum of 15 bits per axis (TTL voltage levels).  The preferred method is to use a serial protocol such as SSI to transmit these angles to the Government data system. If the angles are serialized, a de-serializer unit should be provided to present a minimum of 30 bits of angle information to the Government data system.
Method 3: Binary angle data utilizing 4 BCD digits. 

3.2.7  
Control System Accuracy

In velocity holding mode, the control system should hold velocity within ±2% of desired velocity. In position holding mode, the control system should hold the desired position within 0.1° degrees.

3.2.8  
Slip Rings 

Slip rings shall be provided for carrying electrical signals that are used above the elevation axis. At least four (4) unused rings shall be provided for future use. 

3.2.9 
RF Rotary Joints
A dual channel waveguide RF rotary joint shall be provided on the azimuth axis for the horizontally and vertically polarized RF channels.  Waveguide RF rotary joints shall also be provided on the elevation axis for the two RF channels. The expected lifetime of the dual-channel rotary joint shall be specified under continuous operation. 
3.2.10 
Leveling 

Provisions shall be made for leveling the pedestal. The leveling mechanism shall provide for moving the pedestal a minimum of ±3° from center position. 

3.2.11
 Mechanical Realignment

The design of the parabolic reflector and the dual polarized RF feed assembly shall be such that after initial alignment, further realignment of the assembly shall not be required for a minimum of five field deployments (i.e., five assemblies and five disassemblies of the antenna system). 

3.2.12 
Manual Operation 

The system shall have the capability of being positioned manually when electrical power is not available. A brake system shall be utilized on the antenna. The brakes shall be capable of being manually engaged and released at the pedestal with no electrical power, and also released and engaged using electrical power from a remote location. The control cable (paragraph 3.2.17) shall have wires available for brake control signals. 

3.2.13 Match Marking 

Any components that must be disassembled for shipping shall be “match marked” with adjoining components so that mating components are clearly identified. 

3.2.14
Assembly Hardware and Special Tools 

Special rigging, lifting slings, spreader bars, and other special tools required to completely assemble the system in the field shall be supplied to the Government by the contractor. 

3.2.15 
System Power 

The primary electrical power for the system shall be 120/208 VAC, 60 Hz power unless otherwise stated. All accessories must also comply with these requirements unless otherwise stated.  

3.2.16 
Interlocks and Safety switches 
A single throw switch shall be mounted on the pedestal in a conveniently accessible location near the base of the pedestal. When the antenna system is integrated (by the Government) into the radar system, the switch will become part of the radar system interlock circuit. The switch positions shall be clearly labeled “DISABLED” and “ENABLED” or with similar markings which clearly define the purpose of the switch. The switch contacts shall be open in the “DISABLED” position. The control cable (paragraph 3.2.17) shall have at least two wires available for the switch signals so that the switch position may be sensed at a remote location. 

3.2.17 
Cables and Cable Connectors 

All electrical control and shall be 30.5m (100 feet) in length. All cables shall be environmentally sealed for weather and include environmentally sealed industry standard connectors. 

3.2.18 
Lifetime and Mean-Time-Before-Failure (MTBF) Requirements 

The lifetime of the entire system shall be at least 20 years. The MTBF for any system component shall be adequate enough to meet the availability requirement stated in Paragraph 3.2.19. 

3.2.19 
Maximum System Downtime and Availability 

The system shall be able to provide support with full system capabilities as stated in this document 96% of the time over the entire lifetime of the system. Provided the necessary parts are on site no repair shall take more than five days.  Maximum continuous system downtime shall be five days. 

3.3 
Environmental Considerations
The antenna shall be fully operational under the following environmental     conditions.

3.3.1 
Temperature 
Operating: -30° to 55° C 
Storage: -50° to +70 °C 

3.3.2 
Humidity 
100 percent, condensing. 

3.3.3 
Ground Winds 

The system shall be designed to overcome the effect of ground winds as follows: 
· Operate with less than 1 dB degradation in performance in sustained winds up to 96.6 kilometers/hour (60 mph).

· Survive sustained winds up to 161 kilometers/hour (100 mph) with antenna in horizontal stow (either stow pins or brakes). 

· Survive wind gusts up to 193 kilometers/hour (l20 mph) with the system stowed in a position, recommended by the manufacturer, which will maximize the survival of the system. 

3.3.4 
Salt Atmosphere 
Coastal regions including islands in the middle of the ocean. 

· Survive exposure to continuous salt fog created by nearby breaking surf for periods of several months without serious corrosion or loss of performance.  

3.3.5 
Precipitation 
Heavy rain rates as in Tropical regions; hail (diameter < 10 mm) in Temperate regions; sleet and heavy snow as in regions at High Latitudes.  
Survive Icing with accumulations up to 25.4 mm (1 inch) on all surfaces or 13.5 mm (1/2 inch) on all surfaces with 129 km/hr (80 mph) wind gusts.
3.3.6
 Sand and Dust 

Desert regions. 
· Survive hot, dry conditions with blowing fine dust and sand without adverse effects on the operation or performance of the system.
3.3.7 
Altitude 

The entire system shall survive shipment in an unpressurized aircraft up to an altitude of 12 kilometers. The contractor shall provide a list of equipment that is not rated to an altitude of 12 kilometers, including any special shipping requirements. 

4.0 DESIGN REVIEWS 

4.1 
Preliminary Design Review 

A Preliminary Design Review (PDR) shall be conducted at the contractor’s plant within 60 days after contract award. All aspects of the electrical and mechanical design shall be reviewed. No portion of the design shall be finalized until after completion of the review. The contractor shall prepare and submit minutes of the design review. 
In particular, the design and optimization of the feed/OMT and its expected performance shall be reviewed. Using the theoretical feed patterns, the contractor will conduct secondary (far-field) pattern calculations (co-polarization and cross-polarization) at three frequencies [2700, 2800 and 2900 MHz] and in the 0°, 45°, 90° and 135° planes (see, also, paragraph 3.1.4 if the strut configuration is different from the one specified). State-of-the-art software must be used to perform these calculations and must include the effects of feed/strut blockage and expected surface rms errors. The secondary pattern calculations must meet the gain, main beam matching, sidelobe envelope shape, and cross-polarization specifications. 
Preliminary analysis shall be provided to show that the mechanical (back up) structure of the antenna can handle the acceleration and wind loads as specified, along with the expected safety margins built into the design. 
The Government’s participation, approval, and acceptance in the review of the design shall not be considered as acceptance of the system. Any changes in the system design that are a result of the design review and that are within the scope of this SOW shall be at no additional expense to the Government.

If the antenna 
system is a standard advertised product of the contractor, and if such product has been previously manufactured, sold to customers, and is presently in use by customers, and satisfies all specifications as listed in this document, the government may waive the Preliminary Design Review at its discretion. 

4.2 
Final Design Review (FDR)
            The FDR will be scheduled at a mutually agreed upon date (but no later than 3 
months after the PDR) at the contractor's plant. This review shall be convened 
prior to the integration of the subsystem components into a final system 
configuration.

The contractor will provide measured co-polar and cross-polar patterns of the feed/OMT at three frequencies [2700, 2800 and 2900 MHz] and in the four planes as specified in paragraph 3.1.3. The measured port-to-port isolation of the OMT will also be provided over the specified frequency band. These measurements must meet the specifications listed in paragraph 3.1.3. 

These measured patterns shall be used to compute the secondary (far-field) patterns in the 4 specified planes and at the three specified frequencies.  The contractor shall show that the specifications described in paragraphs 3.1.10 through 3.1.13 will be met. 
In preparation for range testing the manufacturer should provide data from range 
probe tests at 2800 MHz including an error budget analyses. The range probe 
testing shall be performed for both linear polarizations and for co-polar and cross-polar signals. The expected error bars for measuring antenna sidelobe and cross-polar levels at the -30 dB levels and below should be specified. The government will accept, at its discretion, results of past documentation of error budget analyses made by the manufacturer.

A final mechanical analysis must be provided including dynamic stress analyses to satisfy the specifications listed in paragraph 3.2.4, and paragraphs 3.3.3 - 3.3.6 with no degradation in electrical performance. The weight and moment of inertia values as well as pedestal interface and counterweight design shall be specified at this review.   
 The contractor shall prepare and submit minutes of the design review. The design review packages shall include, but not be limited to, a review agenda, overall system design approach, detailed block diagrams, detailed electrical schematics, hardware interface, approach to testing, system documentation, and scheduling. 

A detailed plan shall be prepared delineating how the contractor plans to stock parts and subsystems to do warranty repair work in a timely manner.  In addition, the contractor shall define how the maximum turn-around time for item repair will meet the maximum allowable system downtime of five (5) days. 

The Government may waive the Final Design Review at its discretion. 

4.3 
Range Testing of antenna performance


The range tests will be scheduled no later than 6 months after the FDR. 
Government personnel and other technical advisors will be present to witness the 
range testing. 

(a) Documentation verifying the accuracy (root mean square (rms)) of the reflector surface shall be provided to the Government prior to range testing.

            (b) The Government at its discretion will allow for short range tests for 
documenting the cross-polarization specifications. The source antenna must be 
documented as having cross-polarization specifications that exceed the test 
antenna's specifications. 

             (c) All co-polar patterns shall be done in the far-field (AUT stands for antenna 
under test):
(d) Complete patterns (-180° to 180° deg) must be performed at 2700, 2800 and 2900 MHz as follows:
 (i) Source at H and V polarizations: AUT at Φ = 0°; Two co-polar azimuth cuts from -180° to 180°.

(ii) Source at H and V polarizations: AUT at Φ = 0°; Two co-polarization elevation cuts from -1.5 ° to 90 °.
(iii) Source at H-polarization: AUT at Φ = 0°; One cross-polarization azimuth  cut from -180° to 180°.
(iv) Source at H-polarization: AUT at Φ = 0°; One cross-polarization cut from -1.5 ° to 90 °. 

(e) Narrow patterns at higher resolution: Measured at 2750 and 2850 MHz as   indicated below with AUT positioned at Φ angles of 0°, 45°, 90°, and 135°: 
(i) At each Φ-angle: Two co-polar and two cross-polar azimuth cuts from -45° to 45°.

(f) Highest resolution patterns: Measured at 2800 MHz as indicated below 
     
 (Note: there will be two co-polarization and two cross-pol patterns at each Φ- angle).

(i) Φ = 0°: co-polarization and cross-polarization elevation cuts from -1.5° to 10°.
(ii) Φ = 180° (inverted): co-polarization and cross-polarization elevation cuts from -1.5° to 10°.
(iii) Φ = 45°: co-polarization and cross-polarization elevation cuts from -1.5° to 10°.
(iv) Φ= -45°: co-polarization and cross-polarization elevation cuts from -1.5°to 10°.
(v)  Φ = 135°: co-polarization and cross-polarization elevation cuts from -1.5° to 10°.

(vi) Φ= -135°: co-polarization and cross-polarization elevation cuts from -1.5° to 10°.

(vii)  Φ = 90°: co-polarization and cross-polarization elevation cuts from -1.5° to 10°.

(viii) Φ= -90°: co-polarization and cross-polarization elevation cuts from -1.5° to 10°.
The range tests must be shown to be compliant with the electrical specifications as listed in paragraphs 3.1.9 - 3.1.13. All data from the range tests shall be provided to the Government at the end of the testing period. 
4.4 
Design Review Scheduling 

The contractor shall give the Government at least two (2) weeks notice in scheduling the design reviews. Two copies of the design review package shall be delivered to the NASA Technical Representative at least two weeks in advance of the scheduled design review dates. 

4.5 
Design Review Reports 

After each design review, the contractor shall submit two (2) copies of the minutes to the NASA Technical Representative within 10 working days of each review presentation. Such summaries shall highlight problem areas and possible solutions and cite action items for either party. 

The contractor shall presume “no comment” and proceed if written comment regarding the design review is not provided by the Government within five (5) working days after the receipt of the minutes of the design review. 
5.0 
DOCUMENTATION 

The contractor shall prepare and deliver stand-alone technical manuals. Two copies shall be provided in standard bound printed copy. The documentation shall cover all equipment, systems, and interfaces that are supplied and integrated by the contractor under this solicitation. The technical manuals shall be provided to the best of commercial practices. Existing commercial manuals for off-the-shelf equipment may be included as part of the contractor supplied manuals. At least the following quantity and content shall be included, however, if the ‘contractor has previously developed equivalent documentation, it shall be acceptable to minimize cost. 

5.1 
Pre-Delivery Documentation 

Within 30 days after Final Design Review (FDR) (see Paragraph 4.2), the contractor shall deliver to the Government electrical and mechanical drawings including weight, center of mass and overturning moment of the pedestal and antenna in sufficient detail to permit the Government to design and build electrical interfaces and control units, and a tower and platform on which to mount the pedestal. 

5.2 
Final Delivery Documentation Content 
Within 30 days after Site Acceptance (see Section 6) the contractor shall deliver the final copy of all the technical manuals and documentation discussed in this section.  The documentation should include the following items:
5.2.1 
A system block diagram showing the major components of the system. 

5.2.2 
A wiring diagram showing the signal flow and identifying the interconnecting cables. 

5.2.3 
Schematic diagrams of all major components, subsystems, and interfaces of the system. 
5.2.4 
Parts location and component layout drawings for all contractor constructed portions of the system. 

5.2.5 
Calibration, alignment, and operational user’s manuals. 

5.2.6 
Preventive maintenance routines, removal, and replacement procedures and troubleshooting and repair procedures. 

5.2.7 
A detailed parts list including manufacturers’ names, part numbers, serial numbers, and component’s value and rating of all components used in the system. 

5.2.8 
A list of recommended spare parts. 

5.2.9 
A copy of the acceptance test procedures. 

5.2.10 
Dimensioned mechanical manufacturer level drawings for all antenna and pedestal components. 

5.2.11 
A copy of the measured far-field antenna patterns for both the horizontal and vertical polarizations as specified in Section 4.3. 

5.2.12 
Detailed interface drawings and specifications for antenna, including bolt circle pattern and mounting configuration. The system weight shall also be specified in the documentation. 

6.0 
SITE ACCEPTANCE TESTING
The contractor will ship the antenna and pedestal to NASA/Goddard Space Flight Center, Wallops Flight Facility, Wallops Island, VA unless notified otherwise by the Government.  The antenna will be mounted on the pedestal by the contractor. The contractor shall provide special tools, spreader bars, and other special devices required for installing the antenna system. These special tools, spreader bars, and other special devices shall become government property and shall be included in the cost of the contract. The government will provide a crane, a forklift, riggers, common lifting slings, and commonly available tools for the installation. Government contractor technicians and engineers will assist with the installation.  The Government will be responsible for providing a suitable base for the pedestal.
The alignment and reflector surface accuracy check will be done by the contractor to confirm the surface rms accuracy of <0.02” as well as to confirm the position of the feed phase center as per the final design. If the surface accuracy check does not meet the specification of < 0.02”, the contractor will make the necessary panel adjustments to be compliant with the specifications at no additional expense to the Government. 

If the contractor has chosen to use Antenna Control Method 1 described in paragraph 3.2.5, the contractor shall demonstrate that the control system meets the antenna velocity and acceleration requirements (paragraph 3.2.2) and the control system accuracy requirements (paragraph 3.2.7).
7.0 
TRAINING 

Within one month after site acceptance the contractor shall provide training necessary to operate, maintain and perform in field repairs of the pedestal and antenna.  At least 8 hours of training for up to 6 persons shall be provided. The content shall include all facets of the system including installation, troubleshooting, maintenance, and overall system performance. 
The course shall be arranged in such a way as to allow hands on training with an actual system. The contractor shall provide all technical manuals and instructional materials for each training participant. The training can be held during the Site Acceptance Testing period. 
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