STATEMENT OF WORK 

Development of Ka-band and Ku-band Antennas

for the

Dual-frequency Dual-polarized Doppler Precipitation Radar (D3PR)

Background
The objective of this work is to develop separate Ka-band and Ku-band antennas for a ground-based precipitation radar which will be used by NASA to conduct ground validation for the Global Precipitation Measuring (GPM) mission. The radar will have the capability to make polarimetric measurements and Doppler measurements at the Ka‑band and Ku‑band frequencies. These measurements will contribute to the development of precipitation retrieval algorithms in the GPM pre-launch era, and will also be used to validate GPM precipitation data products post-launch.

Period of Performance
The period of performance for this SOW begins on the date of award and continues for six (6) months following the award date.

Statement of Work
The Contractor shall provide the personnel, facilities, and materials necessary to design, fabricate, assemble, test, and deliver each of the following:

· A Ka-band antenna, pressurized feed, and waveguide inputs manufactured to the specifications defined below and as defined in the list of deliverable items.

· A Ku-band antenna, pressurized feed, and waveguide inputs manufactured to the specifications defined below and as defined in the list of deliverable items.

· Associated test data as defined below and as defined in the list of deliverable items.

· CAD models and ICD of the Ka-band and Ku-band antennas as defined below and as defined in the DILS.

The Contractor shall provide monthly progress reports including status and schedule information. Progress reports shall be submitted electronically to the Government’s Technical Representative for this work.

The Contractor shall participate in monthly teleconferences, organized by the Government, and scheduled to follow within 1 (one) week of the receipt of the monthly progress reports.

Within 2 (two) weeks of award, the Contractor shall participate in a teleconference with the Government’s Technical Representative for this work to discuss the Contractor’s plans for mechanical interfaces to the antenna support structures.

The Contractor shall deliver the antennas and all required documentation to this address:

Mr. Manuel Vega

Building 19 Room N1

NASA/Goddard Space Flight Center

8800 Greenbelt Road

Greenbelt, MD 20771

Requirements Specifically Applicable to the Ka-band Radar Antenna 

1. Ka-band center frequency and bandwidth
The Contractor shall manufacture one (1) Ka-band radar antenna designed with a center frequency of 35.56GHz and (50MHz bandwidth.
NOTE: All Ka-band antenna requirements shall be met within this frequency range.

2. Ka-band radar antenna waveguide inputs

The Contractor shall manufacture the Ka-band antenna using WR-28 waveguide inputs. 

3. Ka-band radar antenna type and gain

The antenna shall employ a rotationally-symmetric Cassegrain reflector configuration with a gain of greater than or equal to 44 dB over the specified frequency band (35.56GHz (50MHz).  

Note: Henceforth, all measurements shall be performed at 3 frequencies of 35.51GHz, 35.56GHz and 35.61GHz unless otherwise noted.

4. Ka-band radar antenna support struts

The antenna shall use four struts to support the feed. In this case the struts shall lie in the (=45°, 135°, 225°, and 315° planes as projected on the aperture.  
Note: 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.  

5. Ka-band radar antenna pressurized feeds

The Contractor shall manufacture the Ka-band antenna using a pressurized feed.

6. Ka-band radar antenna polarization

The Contractor shall manufacture the Ka-band antenna such that it is capable of emitting and receiving both horizontal and vertical linearly polarized RF energy. 

Note: The feed shall employ an orthomode transducer (OMT) with two waveguide ports for the horizontal and vertical linear polarized signals.

7. Ka-band radar antenna port isolation

The Contractor shall manufacture the feed/orthomode transducer (OMT) so that it has greater than or equal to 35dB isolation between the horizontal and vertical polarization ports.

NOTE:  Port isolation measurements shall be performed with the feed/OMT integrated into the final configuration.
8. Ka-band radar antenna maximum return loss

The Contractor shall manufacture the Ka-band antenna with a maximum return loss of 18dB (voltage standing wave ratio (VSWR) <1.3).

NOTE: This requirement applies to both ports of the OMT.

9. Ka-band radar antenna half power beam width

The Contractor shall manufacture the Ka-band antenna with a half power beam width (HPBW) of less than or equal to 1 degree in any ( plane.

10. Ka-band radar antenna maximum side lobe level

For both ports of the OMT and in any ( plane, the first side lobe level shall be at least -25 dB with respect to the boresight value. The side lobe levels shall be less than an envelope monotonically decreasing from the -25 dB level at 2° from the boresight angle to at least -35dB at 15° from the boresight. For all angles greater than 15° from the boresight, the side lobe levels and back lobe levels shall be at least -38 dB with respect to the boresight level.
NOTE: Main beam shoulders shall be considered as first side lobes. 

11. Ka-band radar antenna minimum cross-polarization isolation (integrated)

The Contractor shall manufacture the Ka-band antenna with a minimum cross-polar isolation of 32dB measured as an integrated value over the main beam.
NOTE: Integration shall be limited to the main beam (null to null).  This requirement shall be validated by at least four principal plane measurements (( = 0(, 45(, 90( and 135().

12. Ka-band radar antenna matched vertical and horizontal polarization main beam patterns

The Contractor shall manufacture the Ka-band antenna such that the vertical and horizontal polarized main beam power patterns are matched within less than or equal to 5% integrated over main beam power patterns.

NOTE:  This requirement shall be validated by at least four principal plane measurements (( = 0(, 45(, 90( and 135().


13. Ka-band radar antenna wind load operations

The Contractor shall manufacture the Ka-band antenna such that it can be operated, and meet all the specifications, at wind speeds of up to 25m/s (~56mph).

NOTE: This requirement may be validated by analysis under the assumption that the main reflector, struts and feed are covered by a radome.
14. Ka-band radar antenna temperature range

The Contractor shall manufacture the Ka-band antenna such that it can be operated, and meet all the specifications, within a temperature range of -40C - +40C. 
NOTE: This requirement may be validated by analysis. 
15. Ka-band radar antenna radome 

The Contractor shall manufacture the Ka-band antenna with a radome that encloses the reflectors and feed. The radome shall be manufactured with a hydrophobic coating.  

Note: The back of the primary reflector need not be enclosed by the radome.

16. Ka-band radar antenna radome maximum insertion loss

The Contractor shall manufacture the Ka-band antenna with a maximum insertion loss of 0.5dB (one-way) 

17. Ka-band radar antenna Interface Control Document (ICD)

The Contractor shall provide an ICD for the Ka-band antenna which details at a minimum:  mounting interface, RF interface and location, waveguide pressurization fixture or interface, maximum outer dimensions/envelope, and mass.
18. Ka-band radar antenna metrology

The Contractor shall manufacture the Ka-band antenna with targeting features, such as 1/4"-20 inserts that accept standard tooling balls. A minimum of 4 inserts shall be provided in locations such that the tooling balls shall be visible while laser targeting the reflector and feed.


19. Ka-band radar antenna CAD model

The Contractor shall provide a CAD model of the Ka-band antenna assembly. At a minimum, all exterior surfaces shall be shown. The file shall be in a neutral format, such as STEP, or an acceptable vendor format, such as Pro/ENGINEER.

20. Ka-band radar antenna feed phase center

The Contractor shall provide knowledge of the Ka-band antenna feed phase center. The data shall be referenced to a physical location on the feed or other fixed assembly reference point, such as the tooling balls, and/or included as a virtual point in the CAD model. The data may be as a result of measurements or simulation and shall be provided for each orthogonal polarization if different.

21. Ka-band radar antenna measurement data

The Contractor shall provide all Ka-band antenna pattern measurement data in electronic format in tab or comma separated file format.  

22. Ka-band radar antenna End Item Data Package

The Contractor shall deliver an End Item Data Package for the Ka-band antenna consisting of the measurement data, phase center information, final CAD model, and final ICD.

Requirements Specifically Applicable to the Ku-band Radar Antenna 

23. Ku-band center frequency and bandwidth
The Contractor shall manufacture one (1) Ku-band radar antenna designed with a center frequency of 13.91GHz and (50MHz bandwidth.
NOTE: All Ku-band antenna requirements shall be met within this frequency range.

24. Ku-band radar antenna waveguide inputs

The Contractor shall manufacture the Ku-band antenna using WR-75 waveguide inputs. 

25. Ku-band radar antenna type and gain

The antenna shall employ a rotationally-symmetric Cassegrain reflector configuration with a gain of greater than or equal to 44 dB over the specified frequency band (13.91GHz (50MHz).  

Note: Henceforth, all measurements shall be performed at 3 frequencies of 13.86GHz, 13.91GHz and 13.96GHz unless otherwise noted.

26. Ku-band radar antenna support struts

The antenna shall use four struts to support the feed. In this case the struts shall lie in the (=45°, 135°, 225°, and 315° planes as projected on the aperture.  
Note: 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.  

27. Ku-band radar antenna pressurized feeds

The Contractor shall manufacture the Ku-band antenna using a pressurized feed.

28. Ku-band radar antenna polarization

The Contractor shall manufacture the Ku-band antenna such that it is capable of emitting and receiving both horizontal and vertical linearly polarized RF energy. 

Note: The feed shall employ an orthomode transducer (OMT) with two waveguide ports for the horizontal and vertical linear polarized signals.

29. Ku-band radar antenna port isolation

The Contractor shall manufacture the feed/orthomode transducer (OMT) so that it has greater than or equal to 35dB isolation between the horizontal and vertical polarization ports.

NOTE:  Port isolation measurements shall be performed with the feed/OMT integrated into the final configuration.
30. Ku-band radar antenna maximum return loss

The Contractor shall manufacture the Ku-band antenna with a maximum return loss of 18dB (voltage standing wave ratio (VSWR) <1.3).

NOTE: This requirement applies to both ports of the OMT.

31. Ku-band radar antenna half power beam width

The Contractor shall manufacture the Ku-band antenna with a half power beam width (HPBW) of less than or equal to 1 degree in any ( plane.

32. Ku-band radar antenna maximum side lobe level

For both ports of the OMT and in any ( plane, the first side lobe level shall be at least -25 dB with respect to the boresight value. The side lobe levels shall be less than an envelope monotonically decreasing from the -25 dB level at 2° from the boresight angle to at least -35dB at 15° from the boresight. For all angles greater than 15° from the boresight, the side lobe levels and back lobe levels shall be at least -38 dB with respect to the boresight level.
NOTE: Main beam shoulders shall be considered as first side lobes. 

33. Ku-band radar antenna minimum cross-polarization isolation (integrated)

The Contractor shall manufacture the Ku-band antenna with a minimum cross-polar isolation of 32dB measured as an integrated value over the main beam.
NOTE: Integration shall be limited to the main beam (null to null).  This requirement shall be validated by at least four principal plane measurements (( = 0(, 45(, 90( and 135().

34. Ku-band radar antenna matched vertical and horizontal polarization main beam patterns

The Contractor shall manufacture the Ku-band antenna such that the vertical and horizontal polarized main beam power patterns are matched within less than or equal to 5% integrated over main beam power patterns.

NOTE:  This requirement shall be validated by at least four principal plane measurements (( = 0(, 45(, 90( and 135().


35. Ku-band radar antenna wind load operations

The Contractor shall manufacture the Ku-band antenna such that it can be operated, and meet all the specifications, at wind speeds of up to 25m/s (~56mph).

NOTE: This requirement may be validated by analysis under the assumption that the main reflector, struts and feed are covered by a radome.
36. Ku-band radar antenna temperature range
The Contractor shall manufacture the Ku-band antenna such that it can be operated, and meet all the specifications, within a temperature range of -40C - +40C.

NOTE: This requirement may be validated by analysis. 
37. Ku-band radar antenna radome 
The Contractor shall manufacture the Ku-band antenna with a radome that encloses the reflectors and feed. The radome shall be manufactured with a hydrophobic coating.  

Note: The back of the primary reflector need not be enclosed by the radome.

38. Ku-band radar antenna radome maximum insertion loss
The Contractor shall manufacture the Ka-band antenna with a maximum insertion loss of 0.5dB (one-way) 

39. Ku-band radar antenna Interface Control Document (ICD)
The Contractor shall provide an ICD for the Ka-band antenna which details at a minimum:  mounting interface, RF interface and location, waveguide pressurization fixture or interface, maximum outer dimensions/envelope, and mass.
40. Ku-band radar antenna metrology
The Contractor shall manufacture the Ku-band antenna with targeting features, such as 1/4"-20 inserts that accept standard tooling balls. A minimum of 4 inserts shall be provided in locations such that the tooling balls shall be visible while laser targeting the reflector and feed.


41. Ku-band radar antenna CAD model
The Contractor shall provide a CAD model of the Ku-band antenna assembly. At a minimum, all exterior surfaces shall be shown. The file shall be in a neutral format, such as STEP, or an acceptable vendor format, such as Pro/ENGINEER.

42. Ku-band radar antenna feed phase center
The Contractor shall provide knowledge of the Ku-band antenna feed phase center. The data shall be referenced to a physical location on the feed or other fixed assembly reference point, such as the tooling balls, and/or included as a virtual point in the CAD model. The data may be as a result of measurements or simulation and shall be provided for each orthogonal polarization if different.

43. Ku-band radar antenna measurement data
The Contractor shall provide all Ku-band antenna pattern measurement data in electronic format in tab or comma separated file format.  

44. Ku-band radar antenna End Item Data Package
The Contractor shall deliver an End Item Data Package for the Ka-band antenna consisting of the measurement data, phase center information, final CAD model, and final ICD.

Requirements Applicable to Both the Ka-band and Ku-band Radar Antennas
45. Matched HPBW patterns
The Contractor shall manufacture the Ka-band and Ku-band antennas such that there is a difference less than or equal to 5% in the HPBW between the Ka-band and Ku‑band antennas.

46. Antenna mass
The combined mass of the Ka-band and Ku-band antennas shall not exceed 200 pounds. 

Deliverable Items List and Schedule

	Item
	Delivery Date

	1. A Ka-band antenna, pressurized feed, and waveguide inputs manufactured to the specifications defined in the SOW.
	6 (six) months after award

	2. A Ku-band antenna, pressurized feed, and waveguide inputs manufactured to the specifications defined in the SOW.
	6 (six) months after award

	3. CAD model and ICD for the Ka-band antenna showing the mounting interface and overall antenna envelope.
	Within 3 (three) weeks of award.

	4. CAD model and ICD for the Ku-band antenna showing the mounting interface and overall antenna envelope.
	Within 3 (three) weeks of award.

	5. End Item Data Package for the Ka-band antenna.
	Delivered electronically within 1 week of the delivery of the Ka‑antenna

	6. End Item Data Package for the Ku-band antenna.
	Delivered electronically within 1 week of the delivery of the Ku‑antenna


