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1.  SCOPE





1.1  Identification





This purchase description establishes the minimum requirements of the Federal Aviation Administration (FAA) to purchase individual, very high frequency (VHF) and ultra high frequency (UHF), solid-state broadband amplitude modulated linear power amplifiers.





1.2  Purpose





The VHF and UHF linear power amplifiers specified herein will be used to satisfy the objectives of the Air/Ground Communication Radio Frequency Interference (RFI) Elimination project.  Modern linear power amplifiers (LPA) will reduce interference caused by intermodulation products and will reduce required maintenance support by replacing old vacuum tube type LPAs.


  


1.3  Introduction 





The linear power amplifiers specified herein are intended for use in FAA remote communication facilities and other radio communication sites for air/ground communication throughout the National Airspace System (NAS).





2.  APPLICABLE DOCUMENTS





The following documents listed in paragraph 2.1 form a part of this purchase description and are applicable to the extent specified herein.  In the event of conflict between the documents referenced herein and the contents of this purchase description, the contents of this purchase description shall take precedence.





2.1  Government Documents





	Standards





	MIL-STD-461C		Electromagnetic Emission and Susceptability


	October 1987		Requirements for the Control of Electromagnetic 					Interference





	FAA-G-2100F			Electronic Equipment, General 			November 1993		Requirements


	


2.2   Documentation Sources





Single copies of unclassified military standards may be obtained by writing the Naval Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, PA, 19120 or by calling (215) 697-3321 Monday through Friday, 8:00 a.m. to 4:30 p.m. (E.S.T.).  Copies of FAA documents may be obtained as specified in the solicitation.








3.  REQUIREMENTS





3.1  System Definition





The solid-state broadband linear power amplifiers shall be commercial devices constructed and fabricated to ensure compliance with all the requirements contained herein.  Functional and physical requirements for the equipment are covered in paragraphs 3.2 through 3.3.2.3 herein.  





3.2  Equipment Description 





The linear power amplifiers shall be self-contained rack mounted radio communication devices for use at FAA air/ground radio communication facilities.  The individual linear power amplifiers specified herein shall provide a means of increasing the RF amplitude modulated output power level delivered to a 50 ohm load to 50 +5 watts continuous wave (CW).  The linear power amplifiers shall be broad frequency range RF devices.  The linear power amplifiers shall increase the RF signal level with little or no distortion or loss of signal intelligence.  The linear power amplifiers shall contain no vacuum tube type devices. 





3.2.1  General RF Characteristics





The general RF characteristics listed in the following applies to the individual VHF and UHF linear power amplifiers.





3.2.1.1  Frequency Range





The linear power amplifier shall provide the capability to operate in one of two frequency ranges without retuning.  The linear power amplifier shall operate in either the VHF range from 118 - 137 MHz or the UHF range from 225 - 400 MHz.





3.2.1.2  RF Input/Output Impedance





The RF input and output characteristic impedance shall be 50 ohms with a maximum input/output Voltage Standing Wave Ratio (VSWR) of 2.0:1.





3.2.1.3  Voltage Standing Wave Ratio 





The linear power amplifier shall be capable of non-degraded operation with a VSWR of 2.0:1 or less.  The unit shall not be damaged nor any part exceed dissipation limits with a VSWR greater than 2.0:1.    





3.2.1.4  RF Input Power





The RF carrier input power into the linear power amplifier will be 8 - 12 watts CW originating from an FAA transmitter (exciter).  This RF input power shall be the only RF or control signal required to activate the linear power amplifier to produce the required RF power output.





3.2.1.5  RF Power Output 





The maximum RF carrier power output of the linear power amplifier shall be 


50 ±5 watts CW over the entire frequency range of operation specified in paragraph 3.2.1.1 herein, as measured into a 50 ohm load.  An output power adjustment on the front or rear panel of the unit shall provide a method to  adjust the RF power output level.





3.2.1.6  Audio Bandwidth           





The audio bandwidth at the 3.0 dB points shall be 300 Hz - 3200 Hz.





3.2.1.7  Spurious Radiation





The level of each spurious frequency shall be greater than 70.0 dB below the level of the carrier at a modulation level of 90 percent when measured at the RF output connector of the linear power amplifier.  





3.2.1.8  Output Distortion 





The modulation distortion of the linear power amplifier output shall not exceed 10 percent at the full RF carrier output at a modulation level of 90 percent.





3.2.1.9  Harmonic Output 





The level of each harmonic frequency of the carrier shall be greater than 70 dB below the carrier level of the fundamental when measured at the linear power amplifier RF output connector.  This measurement will be at full power and a modulation level of 90 percent.   





3.2.1.10  Noise Figure





The maximum noise figure of the linear power amplifier shall not exceed 8.5 dB as measured in a 1.0 MHz bandwidth averaged across the entire frequency range of operation.





3.2.1.11  Intermodulation 





The linear power amplifier shall utilize circuits which discourage unwanted intermodulation frequencies from being generated within the devices of the linear power amplifiers.  Intermodulation products generated within the linear power amplifier shall be greater than 30 dB below the output RF carrier level, at any output up to full power and with a modulation level up to 90 percent.





3.2.2  Electrical Characteristics

















3.2.2.1  Input Power Characteristics





The linear power amplifier shall meet the requirements of this purchase description with primary line input voltage of 120 VAC (±10%), 60 Hz (± 3 Hz) single phase, drawing a maximum of 600VA, or with an alternate line input voltage of 24 ±1 volts direct current (VDC), negative ground, drawing a maximum of 16.0 amperes.  The equipment shall demonstrate a power factor as defined in FAA-G-2100, paragraph 3.1.2.4.2.  The linear power amplifier shall meet the individual current harmonic distortion requirements of FAA-G-2100, paragraph 3.1.2.4.3, and the limits for inrush current as defined in FAA-G-2100, paragraph 3.1.2.4.3.1.  During the loss of primary AC line input voltage, the linear power amplifiers shall provide for automatic switchover to the DC voltage source and change back to the primary AC line with the restoration of the primary AC power.  The linear power amplifier shall have a Underwriters Laboratories (UL) certified removable 6 foot, three conductor AC power cord and a UL certified removable 6 foot, two conductor DC power cord.  





3.2.2.2  Reverse Polarity Protection  





The linear power amplifier shall incorporate reverse polarity protection to prevent damage to the equipment if the polarity of the 24 VDC input voltage is reversed.





3.2.2.3  Current Overload Protection   





Current overload protection for the equipment shall be provided by fuses or circuit breakers for the primary input AC and DC circuits.





3.2.2.4  Loss of Input Voltage  





The loss or variance of input voltage, including loss of voltage caused by activation of circuit protector devices, shall not cause or induce any damage to any component in this equipment or other equipment interfacing with it.  





3.2.2.5  Thermal Protection 





The linear power amplifier shall contain thermal protection (temperature sensor) against overheating of the linear power amplifier.  If overheating occurs the linear power amplifier will automatically shut down and allow the amplifier bypass circuit to activate.  The thermal protection shall not cause a reduction in power output when operating within the operational and environmental conditions specified herein.





3.2.2.6  Amplifier Bypass Circuit


  


An amplifier bypass circuit shall be provided within the linear power amplifier.  When the linear power amplifier is deactivated (turned-off), this bypass circuit shall bypass the linear power amplifier stages and allow the transmitter (exciter) RF signal to reach the antenna system.  Additionally, a linear power amplifier failure (i.e., exceeding high VSWR, lack of operational voltages or an overheat condition as detected by an internal temperature sensor) shall activate the amplifier bypass circuit.   





3.2.2.7  Operational Capacity 





The linear power amplifier shall be capable of 100 percent continuous unattended operation at the full rated carrier output.  





3.2.2.8  Transceive Mode of Operation





The linear power amplifier shall have an internal electronic transmit/receive (T/R) switch for a transceive mode of operation.  This mode will allow a combination of a transmitter (exciter) and a receiver to utilize the same antenna system in a transceive mode of operation.  The RF receive signal will pass through the linear power amplifier to the receiver when the linear power amplifier is not in a transmit mode of operation.  There shall not be a loss greater than 2.0 dB in the receive path when the LPA is in the receive mode of operation.  The noise figure shall not exceed 3.0 dB when the LPA is in receive mode.





3.2.2.9  RF Operated Self-keying





The LPA shall incorporate a self-keying capability to support the T/R mode of operation.  The switchover between the transmit and receive modes shall be accomplished without requiring any external control signal.  The LPA shall remain in the receive mode until a RF signal is applied to the RF input of the LPA.  To perform the transfer, the LPA shall detect the arrival of a RF signal from the exciter and, when the RF energy level exceeds a predetermined threshold, initiate the transfer into the transmit mode.  When the RF energy level decreases below a predetermined threshold, the LPA shall revert into the receive mode.  The thresholds shall be chosen to, (a) provide reliable operation with an exciter delivering RF energy within the specified input range, (b) provide reliable operation with any level of amplitude modulation (up to 100%), (c) prevent switchovers caused by RF energy received from the antenna, and (d) perform the switchover (receive to transmit and transmit to receive) less than 25 milliseconds after the RF energy from the exciter is applied or removed.





3.2.3  Physical Characteristics  





The equipment shall be constructed in accordance with the physical requirements contained herein.





3.2.3.1  Mechanical Construction 





The structural strength and rigidity of the equipment shall be such that normal handling in shipping, unloading, and setting into a FAA standard rack configuration will not result in any permanent deformation which could impair or interfere with the operation or the ease of maintenance.  








3.2.3.2  Equipment Size 





The linear power amplifiers shall be constructed to allow for installation into a standard EIA 19 inch mounting width equipment rack.  Linear power amplifiers shall not exceed 7.0 inches in height and 19 inches in depth.  Mounting hole dimensions, spacing and panel thickness shall be as specified in FAA-G-2100, paragraph 3.1.3.2.2.





3.2.3.3  Pull-Out Drawers





Equipment slides and rails shall be supplied with each linear power amplifier and shall meet the requirements of FAA-G-2100, paragraph 3.1.3.2.1.





3.2.3.4  Equipment Weight 





The linear power amplifier shall not exceed 55 pounds.





3.2.3.5  Protective Coating





The linear power amplifier shall be have a protective coating to prevent corrosion and abrasion.





3.2.3.6  Controls and Indicators  





Each linear power amplifier shall have a front panel mounted AC power switch. Separate AC and DC power switches may be utilized.  Power switches shall have detent action to indicate activation and shall show circuit closure by switch position or labeling.  A corresponding AC power ON indicator shall be provided.  A DC indicator shall be provided if a DC power switch is used.  Light emitting diodes are preferable for power ON indicator use.





3.2.3.7  Connectors





The linear power amplifier AC and DC voltage input connectors shall be located on the rear panel of the equipment and when practical be located on the lower right side of the panel as viewed from the rear.





The linear power amplifier shall provide two RF connectors (50 ohm RF coaxial type "N" female) located on the rear panel.  One RF connector shall be provided for the input of an RF carrier originating from a transmitter (exciter).  A second connector shall be provided for the linear power amplifier RF output.  





Selection and use of RF and electrical connectors shall be of the best commercial grade.


�
3.2.4  Other Requirements





3.2.4.1  Shock and Vibration Protection 





Shock and vibration protection shall be provided and conform with the best commercial practices for this type of equipment.  In all cases: no fixed part shall become loose; no movable part or adjustment shall shift its setting or position; and no degradation in the linear power amplifier performance shall occur. 





3.2.4.2  Grounding, Bonding, and Shielding 





Grounding, bonding, and shielding shall be in accordance with FAA-G-2100, paragraph 3.1.2.7.1.   The linear power amplifier shall be provided with a separate rear panel chassis grounding lug. 





3.2.4.3  Control Characteristics 





The linear power amplifier shall have provisions for local control operation. The local control provision shall, as a minimum, allow field level maintenance personnel to control the "in or out of circuit" status of the linear power amplifier.  





3.2.4.4  Adjustment Range 





The adjustment range of the operation or maintenance controls shall be designed to preclude damage to the linear power amplifier or its subassemblies when adjusted to the limits of the control travel.  The range of control shall be designed to reduce the sensitivity and criticality of the adjustment task to the maximum extent possible.





3.2.4.5  Linear Power Amplifier Setup 





The linear power amplifier shall be initially set up and adjusted under normal operating conditions, following the procedures in the technical instruction book.





3.2.4.6  Linear Power Amplifier Warm Up 





The linear power amplifier shall be capable of meeting the requirements of full power operation within 1 minute of turn ON.





3.2.4.7  Environmental Conditions 





The linear power amplifier shall be constructed of materials to withstand any combination of environmental conditions.  The environmental operational and non-operational conditions are defined as follows:














					  Altitude		Temperature     	Humidity





Operational Conditions		0 - 15,000 ft	-10 - +50 C  	5 - 90 % 


                


Nonoperational  Conditions	0 - 50,000 ft   	-40 - +70 C  	5 - 100 %





3.2.4.8  Equipment Ventilation and Cooling  





The equipment shall operate in a room environment without need for heating or external forced-air ventilation.  The linear power amplifier design shall be such that convection cooling will be utilized to the maximum extent possible.  The use of internal fans or blowers for equipment cooling is undesirable.  No accessible area on the amplifier shall exceed a temperature which would constitute a safety hazard to personnel.





3.2.4.9  Nameplates  





Each linear power amplifier furnished shall have one nameplate.  It may be mounted on the front of the chassis.  Each nameplate shall include the serial number, the name of the manufacturer, the model number, the power requirements, and if applicable, the national stock number, and the manufacturers code.





3.2.4.10  Installation/Removal 





The linear power amplifier shall be installed, removed, and reinstalled with a minimum of common tools and without extensive disassembly. 





3.2.4.11  Workmanship 





Workmanship shall be in accordance with the best commercial practices.





3.2.4.12  Soldered Electrical Connections  





Soldered electrical connections shall be in accordance with FAA-G-2100, paragraph 3.2.2.1.1.





3.2.4.13  Safety





The linear power amplifier shall provide safety to personnel involved in equipment operation and maintenance in accordance with FAA-G-2100, paragraph 3.3.6.





3.2.5  Electromagnetic Compatibility Tests





A one-time electromagnetic compatibility test shall be performed on the FAA proposed regular production equipment.  Testing requirements of MIL-STD-461, Part 4, shall be used to determine compliance with the applicable emission and susceptibility requirements.  Testing shall be aimed at determining an RF characteristic profile of any RF leakage or ingress that may result from insertion of the linear power amplifier into the transmission system.  Emission testing shall be accomplished using a minimum of three frequencies in each band, i.e., VHF band 118-137 MHz, UHF band 225-400 MHz.  Selected frequencies shall include one at the lowest frequency in the band, one at the highest frequency in the band, and one in the middle of the band.  Emission testing shall be accomplished with a 10 watt continuous wave (CW) RF source providing input to the linear power amplifier installed in a 50 ohm transmission system.  The transmission system shall be terminated with a 50 ohm absorptive type load.  





Susceptibility testing shall be accomplished with the linear power amplifier installed in a 50 ohm transmission system.  The transmission system shall be terminated with the test monitoring equipment.  The linear power amplifier shall be subjected to RF fields up to 5 volt/meter over the frequency range from 30 MHz to 2 GHz.  As a minimum, the following tailored requirements from MIL-STD-461, Part 4, shall be utilized for linear power amplifier testing:





CE03		Conducted Emissions, Power and Interconnecting Leads, 


		0.015 to 50 MHz


CE07		Conducted Emissions, Power Leads, Spikes, Time Domain


CS01		Conducted Susceptibility, Power Leads, 30 Hz to 50 kHz


CS02		Conducted Susceptibility, Power and Interconnecting Control Leads, 		0.05 to 400 Hz


CS06		Conducted Susceptibility, Spikes, Power Leads





RE01		Radiated Emissions, Magnetic Field, 0.03 to 50 kHz (Exempt at 60 			Hz and harmonics)


RE02		Radiated Emissions, Electric Field, 14 kHz to 10 GHz (Exempt at Fc 		and harmonics)


RS02		Radiated Susceptibility, Magnetic and Electric Fields, Spikes and 		Power Frequencies


RS03		Radiated Susceptibility, Electric Field, 14 kHz to 40 GHz





3.3  Quality Factors





3.3.1  Reliability





The linear power amplifier shall have a predicted Mean Time Between Failure (MTBF) of not less than 10,000 hours of operation.  The linear power amplifier shall have an expected minimum useful service life of 10 years.





3.3.2  Maintainability 





As a desirable feature, the linear power amplifier should be configured with test points and parameter adjustment capability to provide ease in evaluating performance and making routine maintenance adjustments. 





3.3.2.1  Mean Time To Repair  





The mean time to repair (MTTR) at site level shall not be greater than 30 minutes.  The MTTR at a depot level repair should not be greater than 3 hours.





3.3.2.2  Modularity Requirements  





The linear power amplifier may consist of a family of interchangeable modules constructed, and assembled in a configuration to provide all functions specified in this purchase description.  Each unit should be composed of a series of interconnecting modules, each of which, if modules are used, shall be removable with a minimum of effort using readily available small common hand tools.  Each module should be separate and interchangeable with modules performing the same function in other equipment of the same production type.  The integration of these function modules into operational configuration should be possible by providing matched module interfaces which will permit field installation without requiring modification to either existing facility equipment or this equipment.  If used, all modules of each type shall be interchangeable with identical function modules. 





3.3.2.3  Periodic Maintenance 





Suppliers shall recommend periodic maintenance and maintenance intervals required to maximize useful service life of the equipment.  Supplier recommended periodic maintenance intervals shall not be less than 90 days.


�
4.  QUALITY ASSURANCE PROVISIONS





4.1  Quality Control Provisions





The supplier shall be responsible for conducting all inspection and testing as specified herein to assure product conformance with requirements of the contract and this purchase description.  All tests and inspections made by the supplier shall be subject to Government inspection.  The supplier shall maintain a quality control program in accordance with Section E of the contract.





4.2  Supplier Test Documentation





The supplier shall submit test documentation describing all tests conducted as a means of proving compliance with the requirements of this purchase description.  Detailed procedures utilized in the documentation shall reference the specific purchase description paragraph number being tested or demonstrated.  Test documentation shall be completed according to the level specified in Appendix I, Verification Requirements Traceability Matrix (VRTM) using the appropriate verification methods as specified.  The VRTM traces the individual requirements of Section 3 of this document to the method of verification (i.e., test, inspection, analysis, and demonstration).





4.2.1  Verification Methods





The four verification methods, (Test, Demonstration, Analysis, and Inspection) listed in decreasing order of complexity, are described as follows:





a.	TEST (T); Test is a method of verification wherein performance is measured during or after the controlled application of functional or environmental stimuli.  Quantitative measurement are analyzed to determine the degree of compliance.  The process uses laboratory equipment, procedures, items, or services.


 


b.	DEMONSTRATION (D);  Demonstration is a method of verification where qualitative determination of properties is made for an end item, including the use of technical data and documentation.  The items being verified are observed, but not quantitatively measured, in a dynamic state.


	


c.	ANALYSIS (A);  Analysis is a method of verification consisting of comparing hardware design with known scientific and technical principles, procedures, and practices to estimate the capability of the proposed design to meet the mission and system requirements.





d.	INSPECTION (I);  Inspection is a method of verification to determine compliance without the use of special laboratory appliances, procedures, or services, and consists of a non-destructive static-state examination of the hardware, or the technical data and documentation.








4.2.2  Test Conditions





Unless otherwise specified, all testing shall be performed at nominal conditions within the specified environmental operating ranges of paragraph 3.2.4.7 herein.





4.3  Electromagnetic Compatibility





The supplier shall perform a one-time electromagnetic compatibility test in accordance with paragraph 3.2.5 herein.





5.  GLOSSARY





AC		Alternating Current


C		Centigrade


dB		Decibel


DC		Direct Current


EMC		Electromagnetic Compatibility


FAA		Federal Aviation Administration


FCC		Federal Communications Commission


F		Fahrenheit


Hz		Hertz (cycles per second)


kHz		Kilohertz


NDI		Non Developmental Item


MHz		Megahertz


MTBF		Mean Time Between Failure


MTTR		Mean Time To Repair


NAS		National Airspace System


PEP		Peak Envelope Power


RF		Radio Frequency


SOW		Statement of Work


STD		Standard


UHF		Ultra High Frequency


UL		Underwriters Laboratory


VA		Volt Ampere


VAC		Volts Alternating Current


VDC		Volts Direct Current


VHF		Very High Frequency


VSWR		Voltage Standing Wave Ratio
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	VERIFICATION REQUIREMENTS TRACEABILITY MATRIX





Requirement     Method		Paragraph		Title





    	-            -      	3.               	REQUIREMENTS


	-            -      	3.1              	System Definition


 	-		 -		3.2  			Equipment Description


	-		 -		3.2.1			General RF 	Characteristics


	PT		 T		3.2.1.1		Frequency Range


	PT		 T		3.2.1.2		RF Input/Output Impedance


	PT		 T		3.2.1.3		Voltage Standing 	Wave Ratio 									Input/Output	


	PT		 T		3.2.1.4		RF Input Power


	PT		 T		3.2.1.5		RF Power Output


	PT		 T		3.2.1.6		RF Gain


	PT		 T		3.2.1.7		Spurious Radiation


	PT		 T		3.2.1.8		Output Distortion


	PT		 T		3.2.1.9		Harmonic Output


	PT		 T		3.2.1.10		Noise Figure


	PT		 T		3.2.1.11		Intermodulation


	-		 -		3.2.2			Electrical 	Characteristics


	PT		 D		3.2.2.1		Input Power Characteristics


	PT		 D		3.2.2.2		Reverse Polarity 	Protection


	PT		 I		3.2.2.3		Current Overload 	Protection


	PT		 D		3.2.2.4		Loss Of Input Voltage


	PT		 D      	3.2.2.5		Thermal Protection


	PT		 D		3.2.2.6		Amplifier Bypass 	Circuit


	PT		 D		3.2.2.7		Operational Capacity


	PT		 D		3.2.2.8		Transceive Mode of Operation


	PT		 D		3.2.2.9		RF Operated Self-keying


	-		 -		3.2.3			Physical Characteristics


	PT		 I		3.2.3.1		Mechanical 	Construction


	PT		 I		3.2.3.2		Equipment Size


	PT		 I		3.2.3.3		Pull-Out Drawers














	PT - Production Test


	I - Inspection	A - Analysis	D - Demonstration	T - Test


�
	VERIFICATION REQUIREMENTS TRACEABILITY MATRIX (Continued)





Requirement     Method			Paragraph		Title





	PT		 I			3.2.3.4		Equipment Weight


	PT		 I			3.2.3.5		Protective Coating


	PT		 D			3.2.3.6		Controls and Indicators


	PT		 I			3.2.3.7		Connectors


	-		 -			3.2.4			Other Requirements


	PT		 A			3.2.4.1		Shock and Vibration


									Protection


	PT		 I			3.2.4.2		Grounding, Bonding,


									and Shielding


	PT		 I			3.2.4.3		Control 												Characteristics


	PT		 D			3.2.4.4		Adjustment Range


	PT		 D			3.2.4.5		Linear Power		 									Amplifier Set Up


	PT		 D			3.2.4.6 		Linear Power


									Amplifier Warm Up


	PT		 A			3.2.4.7		Environmental


									Conditions


	PT		 A			3.2.4.8		Equipment


									Ventilation and


									Cooling


	PT		 I			3.2.4.9		Nameplates


	PT		 I			3.2.4.10		Installation/


									Removal


	PT		 I			3.2.4.11		Workmanship


	PT		 I			3.2.4.12		Soldered Electrical 										Connections


	PT		 I			3.2.4.13		Safety


	-		 -			3.2.5			EMC Compatibility 										Test			


	-		 -			3.3			Quality Factors


	PT		 A			3.3.1			Reliability


	PT		 I			3.3.2			Maintainability


	PT		 D			3.3.2.1		Mean Time To Repair


	PT		 I			3.3.2.2		Modularity


	PT		 A			3.3.2.3		Periodic Maintenance














	PT - Production Test


	I - Inspection	A - Analysis	D - Demonstration	T - Test
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