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FLEET READINESS CENTER SOUTHEAST (FRCSE)
INDOOR ANTENNA RANGE AND RADOME RANGE UPGRADES

1.0 Background

The following paragraphs provide information as to the scope of work to be performed under the contract.  Background information is provided so that vendors will have a better understanding of FRCSE’s requirements.

1.1 Antenna Range Description 

1.1.1 The FRCSE Antenna Range is a 20’(w) x 20’(h) x 50’(L) anechoic chamber constructed to meet TEMPEST requirements for classified testing located within building 168A at NAS Jacksonville, Florida.  The chamber and test equipment were originally installed and used at a Virginia navy base in the 1980s. During the late 1990s, most of the equipment was relocated to Jacksonville, FL, at which time a few minor upgrades were performed. The chamber is configured with a Scientific Atlanta (now MI Technologies) Model SA 5751 18-foot parabolic reflector on the front wall for compact range mode operation and a direct illumination feed horn on the opposite wall for far-field measurements.  Pocket doors slide in place in front of the reflector when the range is used in the far field mode and the length of the chamber is reduced to 38 feet.   An eight foot wide external entrance and an overhead crane permit testing large antennas up to 200 pounds.  An adjacent room houses the data acquisition, data analysis, positioner control, and positioner display systems. A block diagram of the Antenna Range is shown in Figure 1.


1.1.2	The Antenna Measurement System is an MI 2095 with the following major components:Figure 1.  FRCSE Antenna Range Block Diagram


a. MI-1795 Receiver
b. MI-2180 Signal Source
c. MI-2186 Frequency Synthesizer
d. MI-1885 Position Indicator
e. MI-1886 Position Data Processor
f. MI-2012A Programmer Positioner Controller
g. MI-4180A Positioner Controller
h.  Windows PC with MI 3000 Software



[image: ] Figure 1.  Compact Range Functional Diagram



1.1.3	In the Compact Range Mode, the system was delivered with the following minimum specifications:

a. Frequency Range:  1.7 GHz to 20 GHz .
b. Test Zone:  6 foot cylindrical quiet zone (4.0 - 40 GHz).
c. Amplitude Taper within the Test Zone:
≤ 0.5 dB  (4.0 -18 GHz).
≤ 1.0 dB  (18 - 40 GHz) .
d. Phase Variation within the Test Zone:  ≤ 10º (4.0 - 40 GHz).
e. Polarization:  Vertical, Horizontal, Slant or Rotating Linear.
f. Cross Polarization:  < -25 dB.
g. Extraneous Signals / Internal Reflections:  
< -35 dB 1.7 - 4.0 GHz).
< -40 dB (4.0 - 8.0 GHz).
< -45 dB (8.0 - 20 GHz).

1.1.4	In the Far-Field Mode the system meets the following minimum specifications:

a. Frequency Range:  0.5 GHz to 20.0 GHz.
b. Range Length:  30 ft.
c. Test Zone:  Cylindrical, 30 in diameter.
d. Amplitude Taper within the Test Zone:  ≤ 1.0 dB.
e. Phase Variation within the Test Zone:  < 22.5º.
f. Polarization:  Vertical, Horizontal, Slant or Rotating Linear.
g. Cross Polarization:  < -25 dB.
h. Extraneous Signals / Internal Reflections:  
≤ -25 dB (0.5 - 1.0 GHz).
≤ -35 dB (1.0 - 4.0 GHz).
< -40 dB (4.0 - 8.0 GHz).
< -45 dB (8.0 - 20 GHz).

1.1.5	The Antenna Positioner System was delivered with the following minimum specifications:
a.  Axis Orientation: Roll over Elevation over Azimuth over Elevation over Slide
b.  Upper Elevation positioner error:  ≤0.06º rms.
c.  Azimuth position error:  ≤0.03º rms.  
d.  Lower Elevation positioner error:  ≤0.06º rms.
e.  Polarization position errors:  ≤0.06º rms.
f. [bookmark: OLE_LINK1] Boresight alignment repeatability:  < ±0.03º
g.  Boresight measurement accuracy:  ±0.03o (without autocollimator)
h.  Boresight measurement accuracy:  ± 0.005º (with autocollimator)
i.  Maximum antenna weight:  200 lbs
1.1.6	The Microwave Measurement System meets the following minimum specifications:
a. Sensitivity:  -126dBm 
b. Signal Source:  Pulsed or CW
c. Receiver:  CW only
d. Frequency:  500MHz to 18GHz
e. Measurement Channels:  4 measurement channels high speed switching
f. Frequency Accuracy:  1ppm (synthesized)
g. Amplitude Linearity:  ±0.06 dB
h. Phase Accuracy:  ±0.5 degrees
i. Measurement Speed:  5,000 measurements/second 

1.2 Radome Range Description


1.2.1   The Radome Test Range located at the Fleet Readiness Center Southeast (FRCSE) Jacksonville, FL, also incorporates a Scientific Atlanta (now MI Technologies) system, model SA-5751, that was produced in the 1980’s.  The existing system features a model MI-1795 Receiver, MI-2180 signal source, AeroTech motion control with Renishaw position feedback devices, and CompuQuest software.  The chamber itself is configured as a Compact Range with an SA-5751 Reflector (2 - 18 GHz operation).  Presently, FRCSE’s Compact Range is used for test and analysis of EA-6B Radomes, but F-18C/D/E/F Radome workload is anticipated in the near future.
The FRCSE Radome anechoic test chamber (20’ (w) x 20’ (h) x 50’ (l)) is a separate Compact Range located adjacent to the Antenna test Range.  The two chambers share a common control room but each has its own, dedicated test equipment.  The Radome Range is equipped for measuring performance of radomes up to five feet in diameter and up to 500 pounds, and is the only one of its type that is owned and operated by the Navy.   Beam deflection characteristics can be measured to within six arc-seconds, and radar energy transmission efficiency accuracy is within 1.5% through a radome structure. The range operates with a radar-adapted position system and measurement electronics.  Similar to the Antenna Range, the Radome Range can also be used in a far-field configuration.  Other features include:

          a.  Frequency range from 100MHz to 18GHz, pulsed or Continuous Wave
          b.  -126dBm sensitivity or better (Measurement System specifications identical to section 
               1.1.6)
          c.  Positioner subsystem is elevation over azimuth  for the antenna under test with roll over 
               elevation over azimuth for the Radome itself
          d.  Five motion axes with less than 0.06º RMS positioning error 
          e.  Custom CompuQuest software routines to interrogate and analyze nearly any aircraft 
               radar and radome configuration (refer to Attachment 1 for software specification)
          f.  Upgraded motion control and position sensing devices using AeroTech and Renishaw 
               products (see Attachment 2 for architecture details)
          g.  APG-65 Radar Antenna Gimbal, adaptable for use with various arrays

2.0 Scope

2.1 Range Upgrades
This document defines upgrade requirements for FRCSE’s Antenna Range and Radome Range. Specific requirements for each Range are described in paragraphs 2.1.1 and 2.1.2 respectively.  General requirements that are identical for both Ranges are found in paragraph 2.2.

2.1.1 Antenna Range Technical Requirements

2.1.1.2  Antenna Range Requirement Overview

Although originally operated exclusively to test F-14 AWG-9 radar antennas, FRCSE’s Antenna Range is now used to test a variety of antennas including the AS 2146/APS-115 antennas and the ALR-67(V)3 Enhanced Antenna Detectors (EADs),  However, the equipment is considered obsolete, is no longer sustainable, and will not meet the requirements for future work load envisioned to be performed at FRCSE. The upgrades defined in this document are required to not only replace aging and unsustainable equipment, but also to provide increased capability to meet anticipated workload.

Projected workload will include continued testing of the aforementioned antennas but also testing of the APG-81 radar Advanced Electronically Steered Array (AESA) antenna and the ALR-67(V)3 Enhanced Integrated Antenna Detector (EIAD).   The Antenna Range is also being considered for use to perform Radar Cross Section (RCS) measurement of the F/A-18E/F Leading Edge Flap (LEF) antennas. RCS measurement will be an entirely new capability of the range.

2.1.1.3  Antenna Range Requirement Details

2.1.1.3.1   The vendor shall replace all existing signal source and receiver hardware (with the exception of the existing feed horns capable of operating between 2.6 and 18 GHz) with new hardware, including mixers, cabling, couplers, attenuators, junction boxes, etc, required to transmit and receive signals from 0.1 to 40 GHz (for far-field operation) and 2 to 18 GHz (for Compact Range operation).
2.1.1.3.2   The measurement system shall have a dynamic range of 130 dB minimum and sensitivity of at least -150 dBm.  Automatic mixer drive level adjustment to compensate for cable loss shall be provided.
2.1.1.3.3   The system shall provide multiplexing capability for testing antennas with sum and difference signals.
2.1.1.3.4   The vendor shall provide all software required to control the transmission and reception of the signals produced by the hardware.  Switching between the far-field source and the compact range source shall be able to be accomplished from the control room.
2.1.1.3.5   The measurement system shall synchronize signal transmission with positioner rotation to allow for maximum data throughput while performing data acquisition during antenna testing and allow beam steering with 16 channels and a minimum of 1024 beam states.

2.1.1.3.6   The vendor shall provide all hardware and software required to collect, store, analyze, report, plot, and retrieve antenna test data.  The computer system described in paragraph 2.2.1 shall be used to meet part of this requirement.  Any additional computer hardware (e.g. graphics cards, data bus interfaces, etc.) required shall be provided in addition to the hardware required by paragraph 2.2.1.  
2.1.1.3.7   The system shall be capable of performing automatic analysis and applying user input Pass/Fail criteria for the following measurements:
a. Planar Pattern
b. Polar Pattern
c. Monopulse Pattern
d. Directivity
e. Beam width (3dB and xdB where x is a user input)
f. Beam Peak Gain
g. Boresight Position (Null and Peak)
h. Boresight Error
i. Side Lobe Levels for first three (3) Side Lobes
j. Side Lobe Angular Position for first three (3) Side Lobes
k. Null Depth
l. Null Location
m. Antenna Gain (Absolute and Referenced to a Standard Gain Horn)
n. Multi-Pattern Comparison

2.1.1.3.8   The system shall display acquired raw data in real time.

2.1.1.3.9   The system shall be capable of generating and printing the following plot formats in both two (2) and three (3) dimensions:
a. Rectangular
b. Polar
c. Contour
d. Color Fill
e. Overlay
f. Log
g. Linear

2.1.1.3.10   Plots shall be capable of being auto scaled or being scaled in accordance with user defined limits, combined, displayed simultaneously, normalized, and labeled with appropriate headings. 
 
2.1.1.3.11   Collected data shall be stored in MS-Access format and tools shall be provided to convert the data to other common data formats (e.g., MATLAB data files and ASCII).

2.1.1.3.12   Data files shall be capable of being merged so that multiple test runs can be analyzed as though they were conducted as a single test. As an example, multiple single frequency tests shall be able to be analyzed as though a single, multiple frequency-scan test were run.

2.1.1.3.13   Software shall be compatible with existing MI-3000 software to minimize the impact on legacy software developed by FRCSE to test APS-115 and ALR-67 antennas.

2.1.1.3.14   The measurement system shall be capable of automatically positioning the antenna under test in accordance with user input parameters (e.g., start angle, end angle, scan rate, etc.).  The proposed system must be compatible with the existing positioner and provide control of a minimum of seven (7) axes with simultaneous control of at least two (2) axes.  Control commands shall be via commercially sustainable, industry standard interfaces.  The vendor shall be responsible for any upgrades or modifications to the existing positioner required to make it compatible with the vendor provided system.

2.1.1.13.15   The positioner shall be able to be controlled with a hand-held unit for operation of the positioner by a user in the test chamber.

2.1.2 Radome Range Techincal Requirements


2.1.2.1   Radome Range Requirements Overview
This section defines the technical requirements for upgrading FRCSE’s Radome Test Range using state-of-the-art test equipment that is manufacturer supportable for a minimum of 15 years from installation, and that will allow compatibility with existing equipment and future workload requirements.  The new system must maintain 0.1 – 18 GHz operational testing in the Compact Range and far-field configurations.  
2.1.2.2   Radome Range Requirement Details
2.1.2.2.1  Upgrades will be compatible and sufficient to accomplish electrical testing of F-18C/D Radomes and F-18E/F Radomes per major requirements (i.e Transmission Efficiency, Beam Deflection, Pattern Distortion, Reflectivity, etc.) as stated in Attachment 3.  Radome transmission efficiency tests should have an accuracy to repeatedly measure minimum averages of approximately 90%, and beam deflection measurements must be able to discern changes of 3.6 milliradians, and less.  In the case of F-18E/F (Active electronically Scanned Array) Radomes, use of a furnished APG-65 (or AV-8B) array is acceptable for electrical testing.  Legacy EA-6B Radome test functionality shall be consistent with established FRCSE procedures (available upon request).
2.1.2.2.2   In addition to requirements listed in the Overview, a more specific breakdown of Radome Range requirements is given below.  The vendor shall provide:
     a.  New Computer Workstation with industry standard hardware and software platforms.    
          Software is to have a comprehensive Radome Data Acquisition and 
          Analysis package.  Acquisition data files shall be created and maintained in a Microsoft 
          Access format.  Refer to Attachment 1 for software requirements.  The workstation shall 
          meet the requirements of paragraph 2.2.1 below.

    b.  New, rack-mounted RF Measurement System that includes a Microwave Receiver with     
         speeds and features that are on-par with the best microwave measurement systems 
         presently available. The Receiver must be versatile, have high fidelity and maximum 
         sensitivity, and be suitable for AESA testing.  A Dynamic Range of 130 dB (min) and a 
         sensitivity of -150 dBm are required.  Automatic Mixer drive level adjustment for cable 
         loss compensation is strongly preferred.  
    c.  New Motion Control System that is fully compatible with present FRCSE Range   
         Positioner (which is to be maintained in the final design).  The legacy Positioner is a 
         Scientific Atlanta (MI Technologies) type.  Control System must be suitable for a 
         minimum of six (6) position axes.  Simultaneous control of a minimum two (2) axes is 
         required.  A local handheld control unit is also required for operation by a user within the 
         test chamber.  Control commands shall be via serial, GPIB, and TCPIP interfaces.  The 
         antenna is mounted to the test positioner so that it moves with the radome scan axis, 
         coordinated motion is required to counter steer the antenna as the radome is scanned.     
         This coordination maintains the pointing direction of the test antenna relative to the source 
         antenna. 
     d.  New data acquisition control device that is integrated into the system design to process 
          triggering between the Position Controller, Network Analyzer, or RF Receiver.  The 
          device shall buffer the control computer while enhancing throughput, providing RF 
          multiplexer and beam steering control (16 channels, 1024 beam states minimum) for the 
          device under test.  

     e.  New low-loss cabling, couplers, attenuators, junction boxes, etc. to integrate new 
          control/measurement system.
     f.  New Broadband Mixer(s) that support operation 0.1 to 18 GHz in the Compact Range 
         configuration.
     g.  New 4-Port Multiplexer on the Antenna Under Test (AUT) side of the roll stage (0.1 – 18 
          GHz operation).  
     h.  New Synthesized Signal Source for total frequency range of operation. 
     i.  System engineering survey and reviews (preliminary and critical designs), and factory 
         integration testing of all equipment prior to delivery.  All reviews are to include completion 
         reports as necessary.
    j.  Complete manufacturer installation/mounting of all new elements (hardware and software) 
        for turn-key operation.  Full system verification and acceptance test demonstration after 
        integration, to include validation that legacy test procedure functionality (EA-6B) is 
        completely restored and that existing test programs are fully compatible with upgrades.  A 
        demonstration of all F-18 Radome test functionality is necessary insofar as what can be 
        performed without having an actual Radome present. Tuning of all motion axes at 
        installation is also required.
   k.  Full documentation of upgrade items including system interconnect drawings,  schematics, 
        and wire diagrams pertinent to the changes that were made in the FRCSE Radome Range. 
        Factory owner/operators manuals and service manuals are to be provided for all new 
        assemblies, as available.  A site-specific System Manual is also required.  Three copies of 
        all documents should be provided.
    l.  Warranty coverage that is (at minimum) 100% for all equipment defects encountered within 
        one year’s time period after system sign-off on acceptance test.
   m.  RF Probing to document Range performance after upgrade installs are completed, to 
         include Quiet Zone quality assessment.
   n.  A minimum of 36 contact hours of comprehensive, on-site training for up to ten FRCSE 
        personnel (engineers, operators, and maintainers) covering the operation and maintenance    
        of all upgraded system components and software.  
    o.  Calibration specifications for all new equipment.  The specifications shall be suitable for 
        testing with the use of standard, non-proprietary support equipment presently in the Navy 
        system.  
2.1.2.2.3    Additional Radome Range upgrade considerations and requirements are as follows:
a. An APG-65 Gimbal will be used for testing of all radomes mentioned in this document. EA-6B Radome testing is presently performed by adapting the EA-6B array to the APG-65 Gimbal, and this same convention will be applied after upgrades are installed.

b.    Renishaw feedback products are used for all axes except the radome azimuth axis.  The radome azimuth axis currently uses motor feedback for position and velocity data.  A Renishaw feedback sensor is presently installed for the radome azimuth axis but was never reliably functional.  The Renishaw sensor for this axis shall be made functional as part of the upgrade.  Upon request, specifications for the Renishaw feedback products used can be provided for all axes. Alternatively, the vendor may opt to substitute an entirely new motion control system.  In this case the new system’s position accuracy and repeatability must satisfy the requirements outlined in this document.

c. The software shall have the ability to analyze Transmission Efficiency by applying beam deflection correction to compensate for boresight errors induced by the radome under test.  The new software package must also provide the ability to zero-reference all axes and command any axis to a desired location.

d. Post upgrade checks must show repeatability of test data in all axes (and combinations of 
axes) to within .001 of a degree.  Positional accuracy of axis motion control shall also be 
.001º, or less. Transmission efficiency test repeatability shall be within 3%, and beam        
 deflection test repeatability within .005º.

2.2 General Upgrade Requirements (Antenna Range and Radome Range)

2.2.1    Software Development Environment

The systems shall require minimal software development once installed and operating.  However, the capability to develop software in Visual Basic for unique testing and data analysis shall be provided.  As a minimum, the computer supplied shall meet the requirements stated herein.


2.2.1.1    Hardware
a. 4 Ghz Intel Quad Core Microprocessor with integrated graphics core (or equivalent)
b. 8 GB DDR3 1600 MHZ RAM
c. 500 GB hard drive
d. CD-R/DVD-RW drive
e. Dual 22” LCD Monitors
f. Color Laser Printer

2.2.1.2	  Software

a. Windows 7 Operating System
b. Microsoft Office Professional 2012 or later
c. Visual Studio 2012 or later
d. Adobe Acrobat 10 or later
e.  MATLAB (2010 or latest version)

2.2.2    Security Provisions.

2.2.2.1   The deliverables under this contract shall be unclassified.

2.2.2.2   The vendor shall provide means whereby the user can input the security classification of the reports, graphs, and other data produced by the system and automatically create such reports, graphs and other data with the appropriate security classification labels.

2.2.2.3   The vendor shall provide a means whereby, in lieu of the actual frequencies and/or amplitudes used during antenna testing, user entered alternate designations (e.g., F1) are used on all outputs.

2.2.2.4   Reports shall be capable of being produced without absolute values if so desired by the user.

2.2.2.5  A provision for requiring the entry of a password or smart card to boot-up a computer shall be included.

2.2.3   Baseline Establishment.  The vendor shall perform tests to establish a performance baseline prior to teardown/breakdown of the existing equipment and demonstrate, after completion of the project, that the range performs at least as well as it did before the upgrade.

2.2.4   Design and Production.  The vendor shall design and produce a “turn key” Antenna/Radome performance measurement systems, using commercially available, off-the-shelf equipment with features and speeds on par with the latest state-of-the-art equipment, which shall meet or exceed the performance specifications stated in paragraphs 1.1.3 through 1.1.6 above and the additional requirements stated below.  Except for that equipment specified in Paragraph 3.0 below, the new system will replace all existing equipment.

2.2.5   Packing and Shipping.  The vendor shall be responsible for packing and shipping all hardware and software (including documentation) from the vendor’s facility to BLDG 168A at NAS Jacksonville.

2.2.6   Unpacking and Installing.  The vendor shall unpack, inspect, and install all hardware and software included as part of the system upgrade.  All manpower, tools, and equipment except those items listed as government furnished equipment (GFE) below will be the responsibility of the vendor.

2.2.7   Operational Verification and Check Out.  The vendor shall conduct all operational testing necessary to ensure that equipment is installed and operating correctly after installation.  A Government Technical Point of Contact will be required to observe the final check and verify the system is fully operational prior to final acceptance of the equipment.  All manpower, tools, and equipment required will be the responsibility of the vendor. Testing shall ensure that the system is capable of testing legacy APS-115/ALR-67 antennas and EA-6B Radomes, and that the FRCSE developed software will run on the new system in accordance with paragraph 2.1.1.3.13.  Range procedures used for testing specific antennas and Radomes at FRCSE are available upon request.

2.2.8   Training.  The vendor shall develop a comprehensive training course and conduct training for a maximum of ten (10) personnel on the operation and maintenance of the system. The vendor shall provide each student with appropriate training materials as required by paragraph 2.2.11.2 below.  Training shall require no more than three (3) days and start after system installation and check out is complete.

2.2.9   Calibration.  The vendor shall perform a system calibration of all electronic equipment included in the upgrade upon initial installation.  Calibration procedures for government maintenance of the delivered system shall be included and shall make use of standard, non-proprietary support equipment currently owned/used by the US Navy.

2.2.10   Warranty. The vendor shall warrant the system against any defects in material and/or workmanship for a period not less than 12 months from the initial acceptance of the system by FRCSE.  Warranty shall cover 100% of the cost to repair/replace failed components including labor.

2.2.11   Documentation Requirements

2.2.11.1   Three (3) copies each of the following technical documentation shall be provided:

a. Schematic Block Diagram
b. Operations and Maintenance Training Lesson Plans
c. System Reference Manual
d. Hardware Operator Manuals
e. Software Operator Manuals
f. Hardware Maintenance Manuals with Illustrated Parts Breakdown
g. Preventative Maintenance Manual
h. Calibration and Measurements Requirements
i. System Commercial Off-the Shelf Manuals
j. System Supplemental Data for Commercial Off-the Shelf Manuals

2.2.11.2   Ten (10) copies of classroom training material shall be provided during training session.  

3.0  Range Equipment

3.1  The following Range equipment is not expected for modification or replacement but will be an integral part in the upgraded system designs:

a.  Scientific Atlanta SA 5751 Compact Ranges and Antenna Far-Field Range (2 Anechoic  Chambers for Radome and Antenna testing, and Control Room)
b. AC Power and Climate Control 
c. Compact Range Feed Positioners 
d. MI-33 Series Feed Horns (2.6 to 18 GHz)
e. Antenna Positioner and Radome Positioner
f. Radome Positioner Gimbal for antenna azimuth and elevation motion
        
4.0 Period of Performance

4.1 Completion of work shall be accomplished within nine months after award date.
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