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1 Identification.  
1.1 This System Requirements Document (SRD) establishes the functional requirements for the Antarctica Precision Approach Radar (APAR).  
1.2 The APAR shall provide all weather, day/night, precision landing services in Antarctica to both military and civil aircraft.  
1.3 The system shall be flexible to meet the requirements of the Unites States Antarctic Program and it shall provide the same services as, and operate within, Federal Aviation Administration (FAA) and International Civil Aviation Organization (ICAO) performance parameters.  
2 Applicable Documents.  

2.1 The following documents of the exact issue shown shall form a part of this requirements document and are applicable to the extent specified herein.  In the event of a conflict between the documents referenced herein and the contents of this requirements document, the contents of this requirements document shall be considered the superseding requirement.

a. FAA Order 3910.3A, Radiation Health Hazards and Protection, 19 October 1983

b. ICAO Annex 10, Volume I, to the Convention on International Civil Aviation (July 1996) and Amendment 73 (5 November 1998), International Standards, Recommended Practices and Procedures for Air Navigation Services, Aeronautical Telecommunications, Part I, Section 3.2.

c. ICAO Annex 10, Volume V, Chapter 4.  Utilization of frequencies above 30 MHz.

d. ICAO Doc 8071, Third Edition, Volume I, Manual on Testing of Radio Navigation Aids, Part IV

e. MIL-STD-810F Environmental Test Methods and Engineering Guidelines 1 Jan 2000

f. Society of Automotive Engineers SAE, AS8090 Mobility, Towed Aerospace ground Equipment, General Requirements for, 1997–08

g. National Telecommunication and Information Administration (NTIA) Manual of Regulations and Procedures for Federal Radio Frequency Management, Title 47, Part 300 of the Code of Federal Regulations, January 1994.

h. FAA 8200.1A, United States Standard Flight Inspection Manual (AFMAN 11-225), May 1996

i. FAA NAS-SS-1000, NAS System Specification.
3 System Requirements. 
3.1 The APAR systems designated for deployment to Antarctica shall meet the general requirements listed in this SRD.  The system configuration for the unit designated for SPAWAR Systems Center Charleston will not include a Sled and Radome.
3.2 The contractor shall provide a certifiable by the FAA and USAF in accordance with ICAO Doc 8071, Third Edition, Volume I, Part IV; ICAO Annex 10, Volume I, Section 3.2; and, FAA Order 8200.1 (AFMAN 11-225) sled mountable and removable, solid-state, air cooled, Y2K compliant PAR meeting, at a minimum, the performance requirement stated in this SRD.

3.3 For movement in and around the McMurdo Airfield, the contactor shall provide and suitably adapt a Sled that meets the requirements listed in the Sled Specifications section of this document for transporting the PAR and Radome. 
3.4 For protection from the extreme environmental conditions the contractor shall supply and suitably adapt a Radome to enclose the removable Sled-mounted PAR unit in accordance with the Radome Specifications section in this document.
3.5 The PAR automation system shall consist of all hardware and software required to meet the performance requirements contained in this SRD.

3.6 Operating positions with two (2) each displays (per position) and training capabilities shall be provided by the contractor for each PAR.  The displays shall be located and installed in the existing ATC towers for the units deployed to Antarctica and/or in the TBD government facility in Charleston, SC. 
3.7 Contractor shall provide two maintenance laptops loaded with all operational and training software per PAR unit. Connectivity shall be provided for the laptops to PAR equipment at the PAR location.
3.8 Unless otherwise stated, all hardware and software needed to provide the required performance specified in this document shall be part of the delivered system.

3.9 
3.10 
3.11 The APAR shall be designed to be transportable via unimproved snow and ice roads.
3.12 The APAR must be capable of being set-up and operational within 36-hours by four technicians.

3.13 The APAR shall be capable of disassembly and shipment using one or more LC130  aircraft.  

3.14 Shipping fixtures and containers shall comply with the United States Antarctic Program (USAP) Air Transportation Protocol (current version) provisions for intercontinental air cargo shipment.

3.15 The volume within the Radome shall be environmentally controlled.

3.16 The Sled and Radome shall be configured so they may be assembled on a packed snow surface by a rigging team using industrial rigging equipment, tractors, and a truck crane. 

3.17 The Sled and Radome shall be configured so the PAR can be easily installed and removed by a rigging team with industrial rigging equipment and a truck crane. This may require partial disassembly of the Radome.

3.18 The APAR shall be designed to withstand inherent and existing polar operations vibration and impact forces up to 9 Gs in any axis. 

3.19 The APAR shall have a minimum of four (4) measuring/recording devices to record shock and vibration forces experienced during McMurdo relocation events. Devices shall be located at strategic points (exact location to be determined during the design phase) necessary to define and record the forces transmitted from skis up to the PAR equipment.  
3.20 The Sled mounted PAR must be able to be remotely repositioned (controlled from the ATC Tower) while installed in the Radome without disassembly of the Radome to accommodate a runway change. 

3.21 With the exception of the Sled skis, the APAR marking and painting shall comply with FAA Advisory Circular AC 70/7460-1K, "Obstruction Marking and Lighting."  The skis shall be painted white and designed with receptacles for the installation of marking flags on their tips. 

3.22 
3.23 Sled and Radome flooring and climbing surfaces utilized by personnel during normal operations shall have non-skid surfaces and/or coating.

3.24 
3.25 Without deviating from the operational parameters of this SRD, the APAR shall be designed for continuous outdoor use and at a minimum be capable of operating under the following conditions: 

3.25.1 Temperatures ranging from minus 55, to plus 55 degrees Celsius for both operational and storage configurations.  Note: No site power is available during winter storage.
3.25.2 Relative humidity range of 5% to 95%.

3.25.3 Atmospheric pressure range from mean sea level to 40,000 feet above mean sea level.

3.25.4 Resistant to any blowing or drifting snow.  

3.25.5 Operate in the presence of sustained winds of 71 knots.  

3.25.6 
3.25.7 Remain stable in its operational and storage configuration in the presence of sustained winds of 101 knots. 

3.26 The APAR coating system (paint) shall be corrosion resistant to American National Standards Institute (ANSI) and American Society for Testing and Materials (ASTM) standards for steel structures in a non-marine environment.

3.27 The Sled/Radome assembly shall be provided in accordance with the dimensional and physical specifications of the PAR.

3.28 The Sled and Radome must be constructed so that the PAR can be secured to the deck of the Sled.

3.29 The Sled deck interface with the Radome and PAR shall be designed to meet the rigidness/deflection requirements of the Radome and PAR manufacturers but not exceed 1 inch.

3.30 
3.31 
3.32 
3.33 
3.34 
3.35 The APAR shall be designed structurally to withstand substantial impact forces (as described) in the event that the Sled becomes stuck or immovable using conventional NSF Operations and Maintenance Contractor’s towing practices.

3.36 The APAR shall have Occupational Safety and Health Administration (OSHA) compliant provisions for personnel ingress and egress, not excluding stairs/platform, and a Radome personnel door.   

3.37 At a minimum, the contractor shall identify the minimum System electrical provisions to function properly in its intended uses and provide connectivity accordingly.

3.38 The Radome shall have 3 quadruplex electrical service outlets and 6 incandescent lights evenly spaced around the circumference of the Radome for maintenance personnel.

3.39 The APAR system shall have re-configurable cipher locks on all points of entry not excluding the Radome. 


4 Sled Specifications.
4.1 The following documents of the issue in effect form a part of this document to the extent specified herein.  In the event of conflicts between the referenced documents and this document, this document shall take precedence. 

1. MIL STD 810F, Environmental Test Methods and Engineering Guidelines, 14 July 1989.

2. United States Antarctic Program (USAP) Air Transportation Protocol (current version).

3. NSF’s Operations and Maintenance Contractor’s towing practices.

4. FAA Advisory Circular AC 70/7460-1K, “Obstruction Marking and Lighting”
4.2 The Sled(s) shall provide a platform for deployment and transportation of the PAR system enclosed within a Radome. 

4.3 
4.4 The Sled shall be designed to minimize the transmission of shock and vibration forces to the PAR and Radome. 

4.5 The Sled deck structure shall be isolated from shock and vibration from the Ski undercarriage by means of a proven Antarctic and or Arctic connection system rated to -55 C.
4.6 Contractor shall provide means for isolating the radome from the sled deck to reduce the transmission of shock and vibrational forces encountered by the Sled.
4.7 The Sled shall have a drawbar with a sliding hitch, attachable at both ends of the Sled, to allow attachment of a tow vehicle at either end.

4.8 The Sled ski tracks shall be steerable and bi-directional.

4.9 The Sled shall be designed and constructed such that the “skis” adequately support the weight of the System on all historically indicative surfaces with a ground pressure of no more than 5 psi.

4.10 The Sled must be designed such that it provides adequate stability for the PAR and Radome and have adjustability features such that it can easily be made level and stable on uneven terrain.  The APAR shall be able to be leveled by no more than two (2) persons in less than 15 minutes, using installed fixtures and indicators, as the entire structure will shift with changing snow conditions.

4.11 The Sled must be of sufficient strength and rigidity to withstand the loads imposed by the PAR and Radome on the foundation. 
4.12 The Sled must provide sufficient structural capacity to sustain the loads imposed by the Radome on the foundation or Sled under maximum design wind, snow and ice conditions.
4.13 The Sled shall provide a stable foundation for the Radome and PAR.

4.14 The Radome and PAR units shall be secured to the Sled.
4.15 
4.16 
4.17 The external portions of the Sled shall be resistant to the effects of blowing or drifting snow.

4.18 
4.19 
4.20 The Sled shall have external tie down points for added stability during high wind loads.

4.21 The Sled shall withstand inherent and existing polar operations vibration and impact forces characterized by frequent relocations over rough terrain. 

4.22 
4.23 
4.24 
4.25 
4.26 Sled deck sections shall be provided with alignment pins to ensure proper realignment at assembly.

4.27 
4.28 
4.29 
4.30 The selection, application and use of parts, materials and processes shall be such that the system meets the design, environmental and reliability requirements specified herein. 

4.31 All soldering, wiring, welding, brazing, plating, riveting, machine operations, screw assemblies shall be free from burrs, sharp edges, or any damage or defect that could make the equipment unsatisfactory for the intended purpose.

4.32 All newly manufactured equipment shall be "factory fresh" in appearance. 

4.33 The Sled shall be marked on the exterior sides to identify the center of the Sled.

4.34 The Sled shall have markings that explain the proper method for moving the Sled. 

4.35 The Sled shall be marked to identify those areas that shall not be impacted for movement, i.e., NO PUSH, NO STEP, etc.
4.36 Sled materials shall conform to the following specifications:

4.36.1 Structural steel members:  ASTM A36

4.36.2 Pipe:  ASTM A53, Grade B.

4.36.3 Structural Tube:  ASTM A500, Grade B

4.36.4 Bolts and nuts:  ASTM A325 bolts, ASTM A563 nuts

4.36.5 Welding materials:  AWS D1.1

4.36.6 Welding electrodes:  E70XX

4.36.7 Shop and touch-up primer:  SSPC 15, Type 1, red oxide.

4.37 The underside of the Sled deck shall be insulated to minimize the heating system load.  Insulation should be similar to Demilec Resin Polarfoam PF-7211.  

4.38 Insulation shall be applied after painting.
4.39 The Sled dimensions and tie down features shall be compatible with the dimensional and physical characteristics of the PAR, and the Radome.

4.40 The Sled shall be designed to support the combined weight of the PAR system, Radome and Radome accessories.

4.41 The Sled shall withstand the overturning moment induced by winds impinging on the Sled and Radome as described in this SRD.  

4.42 The Sled deck interface with the PAR and the Radome shall be designed to meet the rigidity/deflection requirements of the Radome and the PAR manufacturers but not exceed 1 inch.

4.43 The Sled shall be designed structurally to withstand substantial impact forces in the event that the Sled becomes stuck or immovable using conventional NSF Operations and Maintenance Contractor’s towing practices.

4.44 The skis shall be painted white.

4.45 Contractor shall provide current Antarctic and/or Arctic proven keel design to be used to minimize shock and vibrational forces.
4.46 The Sled shall have current Antarctic and or Arctic proven shoeing. 
4.47 The skis shall be designed with receptacles for the installation of marking flags on their tips.

4.48 
4.49 
4.50 
4.51 With the exception of the Sled skis, the Sled markings and painting shall comply with FAA Advisory Circular AC 70/7460-1K, “Obstruction Marking and Lighting.”  

4.52 The Sled coating system (paint) shall be corrosion resistant to American National Standards Institute (ANSI) and American Society for Testing and Materials (ASTM) standards for steel structures in a non-marine environment.

4.53 
4.54 All components to receive finish paint shall be prepared and primed using a primer similar to Dimetcote 9 or Dimetcote 9HS zinc-rich primer. After zinc-rich priming, prime and paint using two component Polyurethane paint with final coating to be color per paragraph 4.36.

4.55 The Sled deck shall be clearly marked in contrasting colors with trip hazard zones and stowage of system tie down components as necessary.

4.56 The Sled shall have Occupational Safety and Health Administration (OSHA) compliant provisions for personnel ingress and egress, not excluding stairs/platform.
5 Radome Specification.
5.1 The following documents shall be used as guidelines in the design and manufacture of the Antarctic PAR sandwich type Radome:

	(1) MIL-R-7705B
	Radomes, General Specification for

	(2) MIL-STD-454
	Standard General Requirements for Electronic Equipment

	(3) MIL-E-4158
	Electronic Equipment, Ground, General Requirements for

	(4) MIL-STD-210
	Climatic Extremes for Military Equipment

	(5) MIL-STD-810
	Environmental Test Methods for Aerospace and Ground Equipment

	(6) MIL-P-9400B
	Plastic Laminate and Sandwich Construction Parts

	(7) FED-STD-406
	Plastic Method of Testing; Method Number 2021

	(8) FED-STD-406
	Fire Retardancy

	(9) MIL-P-9024
	Packaging, Handling and Transportability

	(10) FED-STD-794
	Preservation, Packaging and Packing Levels

	(11) MIL-A-8421
	Air Transportability Requirements

	(12) MIL-STD-129
	Marking for Shipment and Storage

	(13) MIL-P-116
	Methods of Preservation

	(14) MIL-Q-9858A
	Quality Program Requirements

	(15) ASCE7-88
	American Society of Civil Engineers "Minimum Design Loads for Buildings and Other Structures"


5.1.1 
5.2 In addition to the requirements identified in the System Requirements section,  the Radome shall be as follows:

5.2.1 The Radome shall be self-supporting.
5.2.2 The Radome shall be mounted on a Sled of specification stated in this SRD. 
5.2.3 The Radome transmission loss for the range of 9000 to 9200 MHz through the Radome panel window area only shall be less than 0.25 db at incident angles up to 45 degrees.
5.2.4 The Radome shall be designed to meet the environmental specifications listed in Table 1.  All materials making up the Radome must be previously tested for compliance with applicable government, military or commercial specifications.

5.2.5 The Radome shall have, if required by the PAR manufacturer, a railed trolley/hoist system with minimum of 1000 lbs. Lifting capacity. The trolley hoist shall be attached to the interior surface of the Radome in accordance with the requirements of the Radome Manufacturer and this SRD.  
5.2.6 The Radome shall have an environmentally controlled interior.
5.2.7 The Radome shall be sandwich type construction for insulating purposes

5.2.8 The Radome panels shall be designed so that the Radome will simultaneously meet the electromagnetic and structural-environmental requirements described herein.
5.2.9 The Radome shall be  capable of being assembled from the inside. 
5.2.10 The Radome shall be capable of being disassembled and moved after initial installation.
5.2.11 
5.2.12 
5.2.13 
5.2.14 
5.2.15 
5.2.16 A structural analysis shall be performed to determine the effects of wind loads, dead loads, ice-snow loads, and shock loads of approximately 10 G’s separately or in combinations. 
5.2.17 
5.2.18 
5.2.19 
5.2.20 
5.2.21 The Radomes, when assembled, shall form a truncated spherical shell.
5.2.22 
5.2.23 
5.2.24 The skins shall cover all sides of the panel so that the foam core is completely encapsulated. 
5.2.25 The Radome shall be designed and constructed to survive continuous ultraviolet (UV) exposure without degradation for a period of 20 years.  
5.2.26 
5.2.27 The sandwich skins shall be also resistant to brief contacts with fluids common to antenna operation, not excluding Invarol.
5.2.28 
5.2.29 The interior surface of the Radome shall be an integral, off-white color for good light reflectivity.

5.2.30 
5.2.31 
5.2.32 The panel connecting bolts or nuts shall be self-locking and stainless steel for long, maintenance-free life.  A five- percent overage of hardware shall be provided with the Radome.

5.2.33 The design of the panel-to-panel connection shall permit Radome assembly or panel removal to be made entirely from inside the Radome. 
5.2.34 The finished assembly shall be a smooth spherical surface that minimizes dirt, grime and fungus nutrients. 
5.2.35 
5.2.36 The base panels of the Radome shall be designed for the resulting radial shear and bending stresses and to provide for a gradual transition to the axial and tangential shear stresses of the sandwich shell in the upper portion of the Radome.  The Radome base panels shall be fabricated with an integrally molded mounting flange, which bolts directly to the foundation or Sled.
5.2.37 
5.2.38 The Radome shall be weather-tight
5.2.39 .

5.2.40 The Radome panels shall be rated as fire retardant in accordance with FED-STD-406 and ASTM E84.
5.2.41 
5.2.42 The Radome and accessories shall meet the requirements for inter-changeability of panels and parts of common part numbers, as required under MIL-STD-454, Requirement 7.  Fasteners shall comply with Requirement 12.  
5.2.43 The Radome and accessories shall comply with dissimilar metals Requirement 16 of MIL-STD-454.

5.2.44 Finishes on all equipment provided shall meet the requirements of MIL-F-14072. 
5.2.45 
5.2.46 
5.2.47 
5.2.48 The Radome shall be designed for a minimum functional life of 20 years with proper maintenance
5.2.49 .

5.2.50 When necessary for repair or replacement of damaged panels, or to create an opening for removal of equipment, a panel, or panels, shall be capable of being detached from the Radome.  
5.2.51 
5.2.52 Panels must have an individual weight limit so that each panel can be lifted by two persons.
5.2.53 
5.2.54 
5.2.55 
5.2.56 
5.2.57 
5.2.58 
5.2.59 
5.2.60 A snow rope and pulley assembly shall be mounted in the exterior zenith and include a pulley that pivots 360 degrees.  A length of nylon rope, which is revved through the pulley and extends to the exterior base of the Radome and a cleat used to tie off the rope when not in use shall be included.
5.2.61 
5.2.62 A base access hatch with a minimum dimension of 60”H by 36”W shall be provided in the Radome allowing personnel to enter the Radome.
5.2.63 
5.2.64 A zenith hatch shall be provided with the Radome. This hatch shall have internal ladder bar.  The hatch opening shall be a minimum of 26” x 26”. 
5.2.65 
5.2.66 A repair kit containing all repair materials, chemicals and basic hand tools that will be needed shall be provided with each Radome. All short shelf life or hazardous items shall be properly packaged and labeled.  Instructions shall be included in the technical manual.
5.2.67 
5.2.68 Spare sealant and 5% hardware overage of each type shall be supplied with the Radome.
5.2.69 
5.2.70 An electric heater shall be provided and sized in accordance with the temperature requirements in the Statement of Work.
5.2.71 
5.2.72 Up to Six (6) boresight windows shall be supplied with the Radome.  These shall be located in appropriate positions as specified by the PAR manufacturer.
5.2.73 
5.2.74 
5.2.75 The Radomes shall be of rugged design, capable of being transported by truck, van, rail, aircraft, or ship.  
5.2.76 Items with a limited shelf life such as caulking, resin, MEK, and paint in the repair kit shall be packaged separately.  Expiration dates shall be appropriately marked.
5.2.77 The Radome shall be internally marked with a nameplate that identifies the buyer’s part number, the manufacturer’s part number, date of manufacture, and the serial number of the Radome to facilitate assembly and identification of each panel.
5.2.78 
5.2.79 
5.2.80 
5.2.81 
5.2.82 
5.2.83 
5.2.84 
5.2.85 

5.2.86 
5.2.87 
5.2.88 The Radome shall be thoroughly qualified through previous tests and analysis. 
5.2.89 The design shall be structurally verified.
5.2.90 All material strengths, electromagnetic characteristics, and other properties shall be fully qualified.
5.2.91 A series of environmental tests in accordance with military standards shall be performed on all materials if they have not been previously qualified.
5.2.92 Accelerated weathering tests must have been performed on Radome materials to ensure that their design life is verified
5.2.93 .

5.2.94 The following standard quality control procedures shall be in full effect during all phases of production.  Standard production tests shall include:

5.2.94.1 Measurements of the bond strength between the skins and the core.  Periodic samples shall be taken, tested, and documented to ensure adequate strength.
5.2.94.2 Monitoring of the thickness of the laminated skins and the core material and maintaining an agreed upon tolerances.  Skin and core materials that do not meet design specifications will be called out and properly disposed of.
5.2.94.3 A barcol hardness test of the finished panel to ensure proper cure has taken place.

5.2.94.4 Paint tape test to ensure proper adhesion.

5.2.94.5 Partial trial assemblies of panels performed to ensure the proper fit of certain key segments of the final Radome.

5.2.94.6 Visual inspection of the inner and outer surfaces of the Radome.

5.2.94.7 The tests listed above shall be performed in order to assure consistent quality is obtained throughout the manufacturing process.

5.2.94.8 A detailed Factory Acceptance Procedure shall be conducted and documented for each Radome produced by the Radome manufacturer. 
5.2.94.9 
5.2.95 
5.2.96 
5.2.97 
5.2.98 
5.2.99 
5.2.100 In-process assembly inspection and tests shall be performed to verify conformance to drawings, specifications, and standard requirements.
5.2.101 Inspection instructions, procedures, and resulting documentation shall be available to maintain the required inspection levels and to define inspection requirements.  The documentation/records of said activities shall be available for government review upon request.

5.2.102 



Table 1
	Operational Wind Load
	71 knots

	Survival Wind Load
	101 knots

	Solar Radiation Rejection
	MIL STD 810, Method 505.2, Procedure II

	Operational Temperature Range
	-55°C to + 55°C

	Relative Humidity
	5 to 95% 

	Actinic Radiation
	As encountered in the tropics

	Ice or Snow Load
	72 psf

	
	

	Salt Atmosphere
	MIL-STD-810D

	Sand and Dust

	MIL-STD-810, Method 510

	Altitude at Site
	Unlimited

	Fire Retardancy
	Per FED STD-406

	Fungus Resistance
	Per FED STD-454

	Packaging and Marking
	Commercial Stds per MIL-STD-129/ MIL-STD-130

	Transportability
	Air, land or sea transport


6 PAR Requirements.
6.1 
6.2 Physical Characteristics  

6.2.1 The PAR system shall be capable of transport using the Antarctic Sled, and Aircraft (C-5, C-141, C-17 and C-130).  The PAR system (not including Radome and Sled) shall be transportable on one LC-130. 

6.2.2 The PAR system shall have all components not permanently mounted packaged in transit cases that do not exceed the allowable limits for a two-person lift per applicable federal guidelines.
6.2.3 The PAR system shall operate from site generator power providing 120/208 VAC, three phase, 50/60 Hz power.  Provisions shall be incorporated in the system design to account for power surges and or unclean power associated with generator and commercial power sources, as defined below.

6.2.3.1 The system shall include electrical power surge suppression with the following characteristics:

6.2.3.2 Surge Current: 50KA L-L, 50KA L-N, 50KA L-G, 50KA N-G, 500KA Total

6.2.3.3 Clamp Voltage (MCOV): 300V L-L, 130V L-N, 130V L-G, 130V N-G

6.2.3.4 Reaction Time: Less than 1 nanosecond

6.2.3.5 The PAR system shall incorporate Uninterruptible Power Supplies (UPS) for all Operating Positions and Stand Alone Training Simulators. The UPS shall be of sufficient capacity to permit orderly shutdown of the system in event of power failure (actual time to be determined). No UPS shall be supplied for the Radar unit itself as there are weight, space, and load limitations.

6.2.4 Transmit/receive modules shall be interchangable between azmuth and elevation antennas.
6.2.5 
6.2.6 
6.2.7 
6.2.8 
6.3 Reliability, Maintainability, Availability (RMA) 

6.3.1 The operational availability (Ao) for the PAR shall be  0.997 or greater.  Operational availability is defined as the probability that the system, when used under stated conditions, will operate satisfactorily.  It is derived as the amount of time the system is operable divided by the intended or scheduled operational time.  The system is considered inoperable when it is unable to perform its mission critical functions. It includes downtime due to unscheduled corrective maintenance activities, scheduled preventative maintenance activities, and administrative and logistics delay time (ALDT).  An ALDT of one hour per corrective maintenance action event shall be used in estimates of operational availability.

6.3.2 The mean time between critical failures shall be not less than 4000 hours. A critical failure for the PAR is defined as meeting any of the following criteria:

6.3.2.1 Loss of all landline connections.

6.3.2.2 
6.3.2.3 PAR not aligned with usable runway.

6.3.2.4 Loss of software functionality that inhibits the ability to safely land aircraft and maintain the PAR performance per the applicable ICAO and FAA flight certification requirements.

6.3.2.5 Loss or degradation of PAR hardware functionality that results in a PAR out-of-tolerance condition per the applicable ICAO and FAA flight certification requirements.
6.3.2.6 
6.3.3 The total preventive maintenance (PM) time for the PAR shall not be greater than 30 minutes per month (30 days) on average.  No more than one PM period is permitted during the month.  The maximum PM downtime shall be 30 minutes for any single maintenance event. 

6.3.3.1 The PAR system shall include provisions for the protection of maintenance personnel and system equipment from inclement weather and other environmental stresses during maintenance actions.

6.3.4 Built in Test/Fault Isolation.  Built in test (BIT) for the PAR shall detect and isolate at least 95 percent of all failures to a single LRU.  BIT shall detect and isolate at least 98 percent of all failures to three or less LRUs.  Using all available means, on-site troubleshooting shall isolate 100 percent of all failures to a single LRU.  The PAR fault isolation system shall include a remote monitoring capability that provides the capabilities defined in paragraph 6.7 of this document.

6.3.4.1 Each PAR system shall contain two maintenance laptops.  A port shall be available in the PAR and at the antenna system.  The port shall provide all BIT information, system monitoring capability and control functionality.  This data shall also be available at the PAR display in the Operations subsystem.

6.3.5 Mean Time To Repair (MTTR).  The mean time to repair for the PAR shall be less than 30 minutes.  The maximum time to repair shall be less than 1.5 hours at the 95th percentile.  The mean time to restore system (MTTRS) shall be less than 2 hours for all downing events.

6.3.5.1 The MTTR is the average time to repair an item; it is derived by dividing the total time required to localize, isolate, disassemble, interchange, reassemble, align and checkout by the total number of repair events.  MTTR does not include any logistics or administrative delay times.  MTTRS is the average time to restore the system to operational status; it is derived by dividing the total corrective maintenance time by the total number of downing events.  A downing event includes any event that prevents the system from performing its mission critical functions.  MTTRS includes administrative and logistic delay times.

6.4 Environmental Requirements.  In addition to the general requirements for the APAR, the PAR shall meet the following requirements without suffering physical or functional degradation:

6.4.1 
6.4.2 Air Pressure The PAR system shall be capable of handling/operation or storage in air pressure equivalent of -1000 feet below sea level to +10,000 feet above sea level.
6.4.3 
6.4.4 
6.4.5 
6.4.6 Salt-laden Air   The PAR system shall be capable of operating for 30 days in salt-laden air and spray normally encountered in a coastal region without suffering corrosion or damage that would render it incapable of performing its mission.

6.4.7 
6.4.8 
6.4.9 
6.4.10 Altitude The PAR system shall be capable of operation after being transported or stored at altitudes from -1000 feet below sea level to 40,000 feet above sea level.

6.4.11 
6.4.12 Environmental Control System  The environmental control system shall maintain the PAR operating environment between 10 and 29 degrees C with a relative humidity between 15 and 60 percent.  A minimum of 0.85 cubic meters of ventilation air per minute shall be introduced into the Radome. 

6.5 Electromagnetic Compatibility  The PAR system shall be self-compatible and shall not be affected by, nor adversely affect the operation of collocated systems.

6.6 Operator Position  
6.6.1 The Government shall provide adequate space for one (1) contractor supplied operator position in each ATC tower and one (1) additional operating position for the system designated for installation at SPAWAR Systems Center Charleston.  

6.6.2 The operator positions shall be of sufficient size to accommodate two (2) 21-inch flat panel multifunctional display (20.1 inch viewable area), a shelf large enough to hold a keyboard and trackball, space for the operator to write, overhead illumination for the work area shall be provided and should be easily adjustable to light operator-selected workspace and shall have adjustable intensity. 
6.6.3 Additionally the space in front of the position shall be large enough to accommodate a moveable, Contractor supplied, ergonomic chair.
6.6.4 Operating positions shall be installed by the Contractor in the ATC towers. 
6.6.5 
6.7 Noise Levels  Noise levels from sources internal to the PAR shall be maintained below 75 dBA at notional operator position(s).
6.8 External Transmission Systems  The PAR system shall have means for remoting the Operating Positions in the ATC Towers.  
6.8.1 The transmission system shall pass data, control signals, and monitoring signals between the PAR and the Operators position located inside the ATC Tower.   

6.8.2 The transmission systems shall be capable of passing data a maximum of  300 feet.  The data transfer rate shall be of sufficient speed as to meet the NAS-SS-1000 requirements.  

6.8.3 As a minimum, the data, control and monitoring signals shall include the following:  plot and track information, touchdown point (in PAR antenna-relative Cartesian coordinates, referenced to Grid north), glideslope, runway ID, runway heading from pilot’s perspective, runway length, runway threshold position relative to antenna, alignment reflector positions (R, Az, El), antenna azimuth reading indicator relative position to true north, decision height, end of runway offset, PAR antenna boresight azimuth (used to display PAR azimuth coverage limits), flight safety monitoring signals, all signals required to remotely rotate the antenna, all PAR system status signals, and all BIT information required to remotely troubleshoot the PAR system from the Operator Positions.
APAR
6.9 
6.10 
6.10.1 
6.10.2 
6.10.3 

6.11  Performance Requirements
6.11.1 The APAR shall be certified by the FAA and USAF in accordance with ICAO Doc 8071, Third Edition, Volume I, Part IV; ICAO Annex 10, Volume I, Section 3.2; and, FAA Order 8200.1 (AFMAN 11-225)

6.11.2 The APAR shall be capable of providing a certifiable Standard Instrument Approach Procedure (SIAP) to landing minima of 200 feet and 1/2 mile or better.

6.11.3 The APAR shall be capable of detecting aircraft targets with the following characteristics:

(1) Radar Cross section = 1 square meter to 1000 square meter

(2) Fluctuation model = Swerling Case 1

(3) Radial Speed = ± 20 knot minimum  ± 250 knots maximum 

(4) Maneuvers = up to 3 G maximum

6.11.4 The APAR shall operate in a frequency range of 9000 to 9200 MHz, and shall have the capability for APAR radiated frequency tuning in 1 MHz steps without the need to change out components (crystals or other devices).
6.11.4.1 The APAR shall operate in accordance with Radar Spectrum Engineering Criteria, category B (RSEC-B) requirements, as specified in the National Telecommunications and Information Administration (NTIA) Manual of Regulations and Procedures for Federal Radio Frequency Management.

6.11.5 System shall provide instrument approaches capability for up to four runways.
6.11.6 The APAR shall have the capability to switch between runways, within 3 minutes, from both locations locally at the APAR unit and remotely from the Operations subsystem.   The zero pointing angle of the APAR antenna shall be displayed locally at the APAR  and remotely at the Operators Position room in the ATC Tower.

6.11.6.1 Grid North Alignment.  The APAR shall have the capability for alignment to Grid North.  The absolute Grid North alignment should be accurate to less than 0.2 degrees.  The APAR Grid North alignment procedure shall be accomplished in less than one (1) minute.

6.11.7 The output of the APAR system shall be digital in format and provide, as a minimum, all the signals defined in paragraph 6.7 of this document.

6.11.8 The APAR shall be capable of remote operation from the Operators Position, via the external transmission systems described in paragraph 6.7.  Remote operation from the Operators Position shall include full controller functionality, and full maintenance and control capability.

6.11.9 The APAR shall be capable of providing coverage from –1 to +7 degrees elevation, ±15 degrees azimuth and 20 NM in range. 

6.11.10 The probability of detection (Pd) and tracking requirements are as follows:

(1)  Clear weather conditions using a 1 m2  target over the entire coverage volume  6.8.9 the Pd shall be 90% (threshold), for those targets detected 99% shall be tracked.  The objective values for clear conditions using a 1 m2 target over the entire coverage volume shall be 98% Pd and tracking 100% of the targets detected.

(2) In rain conditions (APAR rain conditions are defined in Table 2) using a 1 m2 target over the coverage volume from 0 to 10 NM the Pd shall be 90% (threshold), for those targets detected 99% shall be tracked.  The Pd objective value in rain conditions using a 1 m2 target over the coverage volume from 0 to 15 NM shall be 90% (objective).

(3) In rain conditions using a 3.1 m2 target over the coverage volume from 0 to 15 NM the Pd shall be 75% (threshold), for those targets detected 99% shall be tracked.  The Pd objective value in rain conditions using a 3.1 m2 target over the coverage volume from 0 to 15 NM shall be 90% (objective).

Table 2 APAR Rain Table
	APAR Rain Table (Threshold)



	Rain Rate
	Height
	Radius

	8 (mm/hr)
	10,000 ft
	15 NMI

	APAR Rain Table (Objective)

	Rain Rate
	Height
	Radius

	19 (mm/hr)
	10,000 ft
	2.5 NMI (center may be located anywhere inside 15 NMI APAR volume)

	14.2 (mm/hr)
	10,000 ft
	All areas outside the 19 mm/hr 2.5 NMI radius cell


Note:
Detection is declared to have occurred when the APAR has transmitted a target plot to the Operator Display.
6.11.11 The Pd shall be 90% under the clear weather conditions using a 1 m2 target over the entire coverage volume as stated in section 6.8.8 with a Sub Clutter Visibility (SCV) of  40 dB referenced to the clutter environment in Appendix A of this document. 

6.11.12 While meeting the Pd and tracking requirements in clear conditions as defined in this SRD the APAR shall average no more than 1 false target report (as measured at the out put of the tracker) per scan.  The APAR shall not have more than one false track in heavy clutter (range extended mountains) from 10-15 NMI with a Pd of 85%.  The reporting period that the false targets are averaged over shall be 15 minutes.

6.11.13 Target Capacity

6.11.13.1 
6.11.13.2 The APAR shall have the capability to display all plot (uncorrelated target reports) information in the APAR surveillance coverage volume.  The maintainer shall have the capability to select/de-select the display of plot information at the maintenance PC.  Unique display symbology shall be used to identify plots.

6.11.13.3 The APAR shall have the capability to display up to 40 uncontrolled tracks (correlated target reports) with associated data in the APAR surveillance coverage volume.  The operator shall have the capability to select/de-select the display of uncontrolled track information at the APAR operations console.  Unique display symbology shall be used to identify uncontrolled tracks.

6.11.13.4 The operator shall have the capability to designate up to six (6) uncontrolled tracks as controlled tracks.  The operator shall have the capability to select/de-select the display of controlled track information at the APAR operations console.  Controlled tracks shall not be dropped if the APAR target capacity is exceeded.  Unique display symbology shall be used to identify controlled tracks. 

6.11.13.5 The APAR shall automatically extract and map detected ground clutter in the elevation antenna beam.  The mapped ground clutter shall be threshold and mapped cells that exceed the threshold, shall be presented on the Elevation APAR display as ground obstruction data.

6.11.13.6 The APAR shall automatically extract and display on the Azimuth and Elevation APAR displays the presence of detected precipitation clutter.  The extracted APAR weather data shall be presented for fixed rates of rainfall as follows:  no rain, light rain, medium rain and heavy rain.  The weather levels are defined as follows:


No rain= 0mm/hr


Light rain = 1mm/hr


Medium rain = 1mm/hr to 4mm/hr


Heavy rain = 8mm/hr to 16mm/hr

6.11.13.7 The APAR display shall provide the capability to display safety/hazard symbols and location of Navigation Aids.  Unique display symbology shall be used to identify Navigation Aids and safety/hazards. The operator shall have the capability to select/de-select the display of Navigation Aids and safety/hazards.

6.11.14 The renewal time of target data presented on the APAR display shall be equal to or less than one second.

6.11.15  Accuracy.   

6.11.15.1 The APAR shall provide for an elevation accuracy total error for a 1.0 square meter target of no more than 0.23 degrees as measured from the APAR elevation antenna at two sigma for search and track, 0.12 degrees for track only (Threshold).  The elevation bias error, as measured from the PAR elevation antenna, shall be less than 0.1 degrees at two sigma for search and track (Threshold).  The total error at the touchdown (TD) point shall be less than 20 feet at two sigma for search and track (Threshold) less than 10 feet for track only (Objective).  The above accuracy shall be achieved at a minimum update rate of 1 Hertz (Hz) for search and track (Threshold), 5 Hz for track only (Objective).

6.11.15.2 The PAR shall provide for an azimuth accuracy total error for a 1.0 square meter target of no more than 0.34 degrees as measured from the APAR azimuth antenna at two sigma for search and track , 0.18 degrees for track only (Threshold).  The azimuth bias error, as measured from the APAR azimuth antenna, shall be less than 0.2 degrees at two sigma for search and track (Threshold), 0.15 degrees for track only (Objective).  The total error at the TD point shall be less than 30 feet at two sigma for search and track (Threshold), 15 feet for track only (Objective).  The above accuracy shall be achieved at a minimum update rate of 1 Hz for search and track (Threshold), 5 Hz for track only (Objective).

6.11.15.3 The APAR shall provide a range accuracy for all ABT’s within the prescribed scan area of no more than two percent, or + 60 feet, whichever is greater, of the actual range from touchdown (TD) at two sigma for search and track , one percent for track only (Threshold).  The APAR shall resolve two 1.0 square meter targets on the same azimuth that are separated by 400 feet (Threshold), 200 feet (Objective) in range at two sigma. 

6.11.15.4 The APAR shall be capable of resolving two Swerling Case 1 targets of equal radar cross section when both targets are detected with adequate signal to noise ratio when the targets are oriented as follows:

6.11.15.4.1 The APAR shall resolve two 1.0 square meter targets at the same range that are separated in azimuth by 1.2 degrees at two sigma.

6.11.15.4.2 The APAR shall resolve two 1.0 square meter targets at the same range and azimuth separated in elevation by 0.60 degrees at two sigma.

6.11.15.4.3 The APAR shall resolve two 1.0 square meter targets when separated in range by 400 feet at two sigma.

6.12 APAR Monitoring 
6.13 The APAR shall provide a methodology for automatically measuring the Azimuth, Elevation, and range alignment to ensure conformance with FAA 8200.1A.  This monitoring shall be performed at least once per volume coverage scan.  The APAR shall alert the operator within one second, upon determination of an out of tolerance condition in any of the three coordinates.

6.14 Multipath.  The APAR system shall meet all the performance requirements of this SRD without the use of any external multipath mitigation techniques. 

6.15 Radiation
6.15.1 X-ray radiation shall be less than 2 milliroentgen per hour at all times in any areas where normal maintenance is performed, both inside and outside cabinets.

6.15.2 Electromagnetic radiation shall not exceed the permissible exposure limits specified in FAA-Order-3910.3A, Paragraph 33.

6.16 Test  

6.16.1 All environmental tests requirements listed in this SRD shall be verified in accordance with MIL-STD-810F.

6.16.2 ICAO flight certification shall be performed in accordance with ICAO Doc 8071, Third Edition, Volume I, Manual on Testing of Radio Navigation Aids, Part IV.

6.16.3 FAA flight certification shall be performed in accordance with FAA Order 8200.1A (AFMAN 11-225).


Appendix A

APAR Clutter Environment

1.0A  Clutter Types  In order to facilitate the definition of required APAR aircraft target detection and false target suppression performance, a hypothetical clutter model has been developed which includes four types of distributed terrain clutter, sea clutter, a number of stationary point clutter sources, and surface vehicular traffic.  All of these may be present simultaneously within the Surveillance Volume.  The characteristics of the clutter presented here are intended to support vendor system optimization efforts initially and to provide the basic elements of more detailed scenarios to be used for systems evaluations later in the acquisition cycle.

1.1A  Distributed Land Clutter Characteristics.  Distributed land clutter shall be considered to be confined to ranges of 20 NMI or less and 2 degrees or less in elevation.  The spatial statistics of the land clutter backscatter coefficient (c for X-Band is defined by the Weibull distribution having a slope parameter of 2.0 and a median value of –30.0 dB for all grazing angles with the following additional properties:


Mean reflectivity value 

-23.8 dB m2/m2


90th Percentile

 

-19.5 dB

Note:  The Weibull distribution is defined by:
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Where 
(m  =  median value


a   = slope parameter, and


p(x)  = the probability that the clutter reflectivity shall be less than x.

The velocity distribution of the land clutter shall be assumed to be a zero mean Gaussian distribution as follows:

Velocity distribution (Gaussian)


Mean  
 =  0.0 m/s


Std dev. = 0.3 m/s 

The effective clutter resolution cell is given by
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Where 

R = radar range to cell,

q

az

 = two-way half power antenna azimuth beam width,

c = speed of light, and

t

 = processed receive pulse width.


1.2A  Discrete Land Clutter Characteristics.  Radar returns from discrete land features within a radius of 20 NM of the radar have the following characteristics:

Backscatter Coefficient


Spatial Distribution Density =  0.03 per nm2

Probability  =  Randomly distributed

1.3A  APAR Detection Performance in Clutter.  The APAR should suppress combinations of clutter while detecting aircraft targets.  Within the specified target detection volume the APAR should detect aircraft in the clutter environments described in Table 3.

Table 3 Distributed Clutter Table


	Environmental

Conditions
	Max 

Range 

of Clutter

(NMI)


	Target Range

(NMI)


	Target

Radar Cross

Section

(m2)
	Detection

Probability

Pdref



	Clear


	N/A
	15
	1 to 1000
	0.9

	Range Extended 

Mountains


	15
	0 – 15
	1 to 1000
	0.8

	Urban-Low

Relief


	15
	0 – 10
	1 to 1000
	0.9

	Ducting Plus Sea state 2:

Reflectivity = mean 

+ 10 dB


	1 – 10
	0 – 15
	1 to 1000
	0.8

	Ducting Plus Lowlands
	1 - 10


	0 –10
	1 to 1000
	0.8

	Lowlands Plus Long Range Storm Cell =48 dBZ


	15
	0 –10
	1 to 1000
	0.8


1.4A  Adverse Weather Rain-Clutter Characteristics.  The volumetric rain clutter is considered to be uniform in its area of extent in the heavy and non-heavy cells.  The height and radius of the rain shall be as described below.

The rain characteristics consist of an 8 mm/hr cell whose radius is 15 NMI with the origin located at the APAR.  The rain characteristics of the cell are provided below in Table 4.

Table 4 APAR Rain Table

	APAR Rain Table (Threshold)



	Rain Rate
	Height
	Radius

	8 (mm/hr)
	10,000 ft
	15 NMI

	APAR Rain Table (Objective)

	Rain Rate
	Height
	Radius

	19 (mm/hr)
	10,000 ft
	2.5 NMI (center may be located anywhere inside 15 NMI APAR volume)

	14.2 (mm/hr)
	10,000 ft
	All areas outside the 19 mm/hr 2.5 NMI radius cell


1.5A  Rain Clutter Characteristics.  In addition, rain clutter has the following characteristics:

a.  The velocity distribution is Gaussian with a mean defined by

Vm(m/s) = (2.52*h+7.7)

Where h is the height in km, and






Vm is the velocity magnitude.

The Gaussian standard deviation is given by
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Where, k = shear constant with a value of 4.0 m/s/km

 

   

 

R = slant range to clutter in km, and
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b.  The reflectivity 
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where r = rainfall rate in mm/hr, and

 

l

 

 = wavelength in meters.

 

c.  The volumetric clutter cell V
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 defined as follows:
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1.6A  Propagation losses.   
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Rain attenuation does not include atmospheric attenuation and is defined as follows:

a

 = ar

b

 (dB/km),

where

a

=

Rain attenuatio

n in dB/km (one-way)

r

=

rainfall in mm/hr, and a and b are a function of

frequency and polarization as listed in table 1.  Note

that values for a and b at other frequencies can be derived

by interpolation using a logrithmic scale for a and a li

near

scale for b.  [reference 1]


a. Atmospheric attenuation strictly due to air for X band is defined as 0.024 dB/km two-way.









b. 



c. 







a. 







Table 5 Rain Attenuation Constants


	Frequency

(GHz)
	aH
	aV
	bH
	BV

	1
	0.0000387
	0.0000352
	0.912
	0.880

	2
	0.000154
	0.000138
	0.963
	0.923

	3
	0.00065
	0.00059
	1.121
	1.075

	6
	0.00175
	0.00155
	1.308
	1.265

	7
	0.0030
	0.00265
	1.332
	1.312

	8
	0.00454
	0.00395
	1.327
	1.31

	10
	0.010
	0.00887
	1.267
	1.264


aH  - One-way attenuation scaling coefficient for horizontal polarization.

av  -  One-way attenuation scaling coefficient for vertical polarization.

bH  - One-way attenuation scaling coefficient for horizontal polarization.

bV  - One-way attenuation scaling coefficient for vertical polarization.
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