NAVAL AIR WARFARE CENTER

                                                       Aircraft Division Lakehurst, NJ 08733

18 May 2004

Comm/Nav RF Avionics Flight Line Tester

(CRAFT)

Performance Specification 
Naval Air Warfare Center Aircraft Division

Code 4.8.1.3 Avionics Support Requirements & CSE Branch

SE and ALRE System Engineering Division

Lakehurst, New Jersey, 08733-5109

Prepared for:

Naval Air Systems Command

PMA-260

Lakehurst, NJ 08733

	DISTRIBUTION STATEMENT C: DISTRIBUTION AUTHORIZED TO U.S. GOVERNMENT AGENCIES AND THEIR CONTRACTORS TO PROTECT PUBLICATIONS REQUIERED FOR OFFICIAL USE OR FOR ADMINISTRATIVE OR OPERATIONAL PURPOSES ONLY. EFFECTIVE 3 MAY 2004. OTHER REQUEST REQUESTS FOR THIS DOCUMENT SHALL BE REFERRED TO COMMANDING OFFICER, NAVAL AIR WAREFARE CENTER AIRCRAFT DIVISION LAKEHURST, NEW JERSEY 0873-5000

DESTRUCTION NOTICE.  FOR UNCLASSIFIED, LIMITED DOCUMENTS, DESTROY BY ANY METHOD THAT WILL PREVENT DISCLOSURE OF CONTENCTS OR RECONSTRUCTION OF THIS DOCUMENT.


1.0 Scope

1.1 Scope This specification specifies the requirements for Communications/Navigation Radio Frequency Avionics Flight Line Tester hereinafter referred to as the test set which will be used at the Organizational Level (O-level) and Intermediate Level (I-level), both ashore and afloat. The test set will be used in the support of Aircraft Avionics Systems. These systems are designated as Weapon Replaceable Assemblies (WRA). The purpose of this program is to satisfy the operational need of the U.S. Navy and Marine Corps to test the following aircraft systems (a) Tactical Air Navigation (TACAN) reference paragraph 3.3 of the performance specification, (b) Very High Frequency (VHF) Omni-directional Radio Range (VOR)/Instrument Landing System (ILS)/Localizer (LOC)/Glide Slope (GS)/Marker Beacon (MB), reference paragraph 3.4 of the performance specification, (c) Link 4, reference paragraph 3.5 of the performance specification.  

Paragraph 3.6 is applicable to testing of sonobuoys, which will be considered a priced option to be included in the test set, but is not part of the core test requirements at this time.

2. APPLICABLE DOCUMENTS

2.1 Controlling Specifications.  MIL-PRF-28800F, “Military Specification, Test Equipment for use with Electrical and Electronic Equipment, General Specification for,” and all documents referenced therein of the issues in effect on the date of this solicitation shall form a part of this requirement.  

2.2  Issues of Documents.  The following documents form a part of this specification to the extent specified herein.  Unless otherwise indicated, the issues shall be those in effect on the date of the solicitation.

SPECIFICATIONS, STANDARDS AND PUBLICATIONS
NAVAIR 17-1-126

MIL-PRF-28800F

MIL-STD-461E 

MIL-S-901

MIL-STD-704

MIL-STD-1399 (Section 300A)

MIL-STD-882

MIL-STD-167-1(Ships)

MIL-E-17555  

MIL-I-81987



MIL-STD-1686


MIL-STD-188-203.3 



MIL-STD-2217

MIL-STD-6004(C)


MIL-STD-810
 


MIL-HDBK-454



MIL-STD-130L         
MIL-H-83511

MIL-L-85762A

IEC 61010-1

IEEE-STD-315

IEEE-STD-315A

2.2.1  Other Government documents, drawings, and publications. The following other Government documents, drawings, and publications form a part of this document to the extent specified herein. Unless otherwise specified, the issues of these documents are those cited in the solicitation or contract.

NAVAIR 16-35SM511-1 (C)
-
Technical Manual, Intermediate and Depot                 

Level Maintenance, Digital Data Simulator     SM-511/ASW and SM-511A/ASW (Sections 1 and 4 apply)

A1-F18AC-630-200


Organizational Maintenance, Testing and 

                              Troubleshooting, Navy Model F/A-18C and

                              F/A-18D

A1-F18AE-630-200


Organizational Maintenance, Testing and 

                              Troubleshooting, Navy Model F/A-18E and

                              F/A-18F

01-E2AAA-2-17.1.1
       Organizational Maintenance, Testing and 

                              Troubleshooting, E-2C  

01-S3B-2-3-14-1


Organizational Maintenance, Testing and 

                              Troubleshooting, S-3B.

01-85ADC-2-23-4A


Organizational Maintenance, Testing and 

                              Troubleshooting, EA-6B

A1-C2AHA-670-210              Organizational Maintenance, Testing and 

                              Troubleshooting, C-2 

3. REQUIREMENTS

3.1
General. The test set shall comply with Class I requirements as specified in MIL-PRF-28800F, and be able to operate and withstand the environmental effects encountered in an aircraft carrier deck environment. The test set shall be tested in accordance with the systems requirements of the Performance Specification, and the examinations and tests listed on Table 7 of MIL-PRF-28800.

3.1.3
Equipment Components. The requirements for equipment components shall be in accordance with MIL-PRF-28800F paragraph 3.2.   

3.1.3.1 Non-Standard Parts and Material Approval. Approval for use of non-standard parts and material shall be obtained by the procuring activity for review and approval.

3.1.4 Design and Construction.  The test set design and construction shall meet the requirements of MIL-PRF-28800F, paragraph 3.3 and 3.4.  The equipment shall be designed and constructed of materials that meet the requirements of this specification and in accordance with the best commercial practices for industry-approved equipment. It shall be designed and manufactured to maximize reliability, maintainability, accuracy of operation, and ease of operation.  All parts such as switches, controls, etc., shall have proper clearance and adjustments.  They shall work together so that the equipment will supply the rated requirements without unnecessary strains, vibrations, or overheating.  They shall be able to withstand the conditions met in shipping, storage, installation, and service.  All material and parts of this equipment shall be capable of withstanding the environmental requirements of this specification.

3.1.5
Enclosure Physical Characteristics.  The test set enclosure shall meet the requirements of MIL-PRF-28800F paragraph 3.6, except paragraph 3.6.4.8 electrical power connections requirement; the electrical power connection shall be from the instrument panel, and with the deviations listed below.

3.1.5.1 Volume/Size. The test set shall be a single case design. 

3.1.5.1.1 Enclosure Characteristics. The test set enclosure shall be capable of operation in the vicinity of aircraft and typical above deck shipboard applications. It shall also be capable of being used when the cover is opened or removed and shall be designed to exclude any harmful or undesirable element from entering the contained instrument itself. The test set shall incorporate a self-contained storage area for accessory items (couplers, cable, auxiliary antennae, manuals etc.) to preclude the need for an accessory case and shall be suitable for shipping as is without the use of a transit case.

3.1.5.2 Dimensions, Weight, and Paint Requirements. The contractor shall determine the case design and submit to the procuring activity for review and approval.

a. The maximum dimensions shall not exceed a size capable of passage through hatches 508 mm wide by 965 mm high, reduced further by round corners on a 254 mm radius and through circular openings 635 mm in diameter.

b. The test set shall have a shipping weight (test set, case, cover, and accessories) of no more than twenty-seven (27) pounds overall. Operational weight (test set, installed battery and antenna) shall not exceed eighteen (18 pounds).  
c. Color. The equipment exterior shall be painted with a durable coating system which is lead and chromate free and which meets color #17925 (WHITE) of FED‑STD‑595. The coating and pigment shall be insoluble and shall not degrade when exposed to ultra violet light, nor shall it have adverse effects on human health. The coating system shall have high resistance to weather, heat, tape, Methyl Ethyl Ketone (MEK) solvent, P-D-680 solvent, JP5 and lubricating and hydraulic fluids.
3.1.6 Environmental Requirements. The test set shall meet the environmental requirements for equipment Class 1 as specified in MIL-PRF-28800F paragraph 3.8. The test set shall be tested in accordance with the systems requirements of the Performance Specification, and the examinations and tests listed on Table 7 of MIL-PRF-28800F.  High Impact Shock testing is not required.
3.1.6.1 Electromagnetic Interference (EMI).tc "2.7.9
Electromagnetic Interference (EMI)."\l  The test set shall perform within specification in its intended operational configurations when subjected to the electromagnetic environments of MIL-STD-461E for surface ships when tested in accordance with the procedures of MIL-STD-462.
3.1.6.2 Safety.  The test set shall meet the safety requirements in accordance with IEC61010-1.

3.1.6.3 Rain and Blowing Rain.  Mil-STD-810F, Method 506.4, Procedure I, “Rain and Blowing Rain”, shall be used in lieu of “Splashproof” testing of MIL-PRF-28800F.

3.1.6.4  Fungus.  Fungus Resistance testing will be performed in accordance with Class I parameters of MIL-PRF-28800F.

3.1.6.5 Salt Fog.  Salt Fog testing shall be performed in accordance with Class I parameters of MIL-PRF-28800F.

3.1.7 Marking and Identification.  The test set shall be in accordance with IEEE-STD-315, IEEE-STD-315A and MIL-STD-130L, Fig.1, with the following modifications and additions.

3.1.7.1 Warranty Label.  The contractor shall affix a warranty label to each instrument specifying instrument nomenclature, manufacturer, FSCM/CAGE number, NSN, contract number, warranty expiration date, and where to ship the instrument for warranty repair.

3.1.7.2 Calibration Label.  The contractor shall affix a calibration label to each instrument specifying the date that the instrument was calibrated and the next due date for calibration.

3.1.8 Calibration  The test set shall be designed such that adjustments and scheduled maintenance are not required. Calibration shall be limited to verification of the performance of the unit based on its design specification. Calibration of the unit shall be capable of being performed with test equipment that is actively maintained in Navy inventory.  The calibration procedure shall be capable of being automated as a design goal. Calibration shall require no more than one (1) hour to perform and the equipment shall have a calibration cycle of no less than twelve (12) months in duration. The test set shall have an 90% or greater probability of remaining within specified tolerances on all performance specifications at the end of a 12-month period of normal use and handling.
3.1.9 Reliability.  The test set shall have a predicted Mean Time Between Failure (MTBF) of at least 4000 hours and achieve a lower test limit MTBF of 1500 hours. 

3.1.10 Maintainability.  The test set shall have a one (1) hour Mean Time To Repair (MTTR) or less with no one single maintenance task exceeding 90 minutes.

3.1.11 Electro-Static Discharge (ESD) Safety Requirements.  The test set, its assemblies and subassemblies shall not be susceptible to electrostatic discharge or field damage during operation, handling, test, storage, or shipping. All parts and/or attachments of the test set shall be ESD safe.  ESD requirements for the test set shall be such that the test set shall not be excessively susceptible to ESD damage nor generate damaging charges to other ESD sensitive devices.

3.1.12 Operating Life.  The test set shall have a minimum total operating life of 20,000 hours.

3.2
General Performance Requirements. 

3.2.1
The test set front panel shall be grouped into 3 sections, the Controlling section, Range and Rate Simulation, and an Attenuator Section. Each of these groups may integrate as required; displays and controls necessary to functionally test the Unit Under Test (UUT).

3.2.1.1 Displays Indicators.  The test set shall incorporate a high-visibility, backlit, high-contrast display capable of being readable under low-light and bright light conditions. 

3.2.1.2 Display Back lighting.  The backlighting shall be compliant with night vision goggles type AN/AVS-9, models F4949R (for helicopters) and F4949G (for airplanes).  The displays must meet the requirements in MIL-L-85762A for a Type 1, Class B night vision goggle.
3.2.1.3 Controls. The test set shall provide controls necessary to control all the functions necessary to conduct a complete functional test. These controls may be accomplished using hardware such as switches, potentiometers etc., or they may be accomplished using firmware and or software.

3.2.2  General Electrical Features. 

3.2.2.1 Power Requirements.  The test set shall be capable of operating from any of the following power sources: internal, self-contained, removable DC power sources; external DC power sources; or external AC power sources.  The unit shall have an internal power conditioner, or equivalent, to filter out voltage spikes and shall be designed so that power interruption will not cause damage to the hardware or software. Power cable design and power requirements shall be subject to review and approval by the procuring activity to ensure compatibility with existing electrical systems.  
3.2.2.2  AC Operation.  The test set shall be capable of utilizing input power of 115 VAC at 60 Hz, at a maximum of 2.0 amps from an electrical system having the characteristics of table 1 and standard 3-prong, grounded interface connections.  The test set shall also be capable of utilizing input power of 115 VAC at 400 Hz, at a maximum of 2.0 amps from an electrical system having the characteristics of table 1 and standard 3-prong, grounded interface connections. The test set shall include a detachable AC power cord eight (8) feet in length, equipped with a WC596-13-3 (3-prong AC-type) connector (or equivalent) on one end, and a MS3106A14S5S connector (or equivalent) on the other.  

3.2.2.3 DC Operation.  For external DC operation, the test set shall be capable of utilizing 28 VDC from regulated and unregulated power sources at a maximum of 5.0 amps from an electrical system having the characteristics of table 1. The test set shall include a detachable DC power cord eight (8) feet in length, equipped with a MS3107A16-11P connector (or equivalent) on one end, and a MS3106A14S5S connector (or equivalent) on the other.

3.2.2.4  Power Input Connections.  The test set shall incorporate a single MS3102E14S5P connector (or equivalent) on the front panel of the test set for external AC and DC power input.

3.2.2.5 Fuses or Circuit Breakers.  Fuses or circuit breakers shall be provided.  If circuit breakers are used, both sides of the power source shall be automatically disconnected from the equipment in the event of excessive current.  Fuses or circuit breakers shall be readily available in the current DOD inventory.

3.2.2.6 Electrical Power Connections.  The requirements for power source connections shall be in accordance with MIL-PRF-28800F paragraph 3.5.2.
3.2.3    Internal Power Requirements
3.2.3.1 Internal DC Power.  The test set shall incorporate an internal, removable battery pack to allow for operation on self-contained DC power. The internal battery pack shall be a single-piece design (i.e. not individual loose cells). The battery type/style shall be subject to Government approval, and must be available in the current DOD inventory. 

3.2.3.2  Battery Duration.  The internal DC power source shall be capable of operating for eight (8) hours continuously, with a twenty percent (20%) transient (this represents a 20% operating duty cycle, with the test set in an idle or standby mode for reduced power consumption during the remaining 80% of the 8-hour duty cycle).

3.2.3.3 Low Battery Indication. The test set shall provide a battery charge level indicator either on the front panel or as a software menu selection as a mean of indicating low battery status; low battery status shall be displayed when the internal DC power source reaches an approximate 85 percent discharge level or approximately 15 minutes of operating time remaining allowing the operator ample time to obtain a replacement battery or switch to alternate power source before the test set becomes unusable.

3.2.3.4 Battery Charging Systems. The test set shall incorporate an 

internal, integrated charging system for the internal battery pack. This internal charging circuit shall be capable of recharging the internal removable DC power source from either external AC or external DC sources.  The maximum time to charge a fully discharged battery shall be less than 8 hours. 

3.2.3.5 Lithium Batteries.  Per MIL-PRF-28800F, lithium batteries are prohibited without prior authorization.  A request for approval for the use of lithium batteries, including those encapsulated in integrated circuits shall be submitted to the procuring activity at the time of submission of proposals.  Approval shall apply only to the specific model proposed.

3.2.4 Electrical Performance.  The test set shall function properly and shall not exhibit any malfunction, degradation of performance, or deviation from specified indications when energized by an electrical system having the characteristics of Table 1 verified by a contractor developed test.
	Frequency
	AC power 
	DC power

	     (a)  Nominal Frequency
	60 or 400 Hz
	

	     (b)  Frequency Tolerance
	+/- 3%
	

	     (c)  Frequency Modulation
	0.5%
	

	     (d)  Frequency Transient
	
	

	          (1)  Tolerance         
	+/- 4.0%
	

	          (2)  Recovery Time
	2 seconds
	

	     (e)  Worst Case frequency excursion from nominal frequency resulting from (b), (c), and (d) combined except under emergency conditions.
	5.5%
	

	     Voltage
	
	

	     (f)  Nominal User Voltage
	115 V
	28 V

	     (g)  Voltage Tolerance
	
	

	          (1)  Average Tolerance
	+/- 5.0%
	+/- 5.0%

	          (2)  Any one line-to-line voltage including (g)(1) and line voltage imbalance (h)
	+/-7.0
	+/-7.0

	     (h)  Line Voltage Imbalance
	3.0%
	3.0%

	     (i)  Voltage Modulation
	2.0%
	2.0%

	     (j)  Voltage Transient
	
	

	          (1)  Voltage Transient Tolerance
	+/- 16.0%
	+/- 16.0%

	          (2)  Voltage Transient Recovery Time
	2 seconds
	2 seconds

	     (k) Voltage Spike (peak value includes fundamentals)
	+/- 1000 V
	+/- 50 V

	     (l)  The maximum departure voltage resulting from (g)(1),(g)(2), (h), and (I) combined, except under transient or emergency conditions.
	+/- 6.0%
	+/- 6.0%

	     (m) The worst case voltage excursion from nominal user voltage resulting from (g)(1), (g)(2), (h), and (I) combined, except under transient or emergency conditions.
	+/- 20.0%
	+/- 20.0%

	     (n)  Insulation Resistance Test  
	500 Vdc
	500 Vdc

	     Waveform (Voltage)
	
	

	     (o)  Maximum Total Harmonic Distortion
	5.0%
	5.0%

	     (p)  Maximum Single Harmonic
	3.0%
	3.0%

	     (q)  Maximum Deviation Factor    
	5.0%
	5.0%

	     Emergency Conditions  
	
	

	     (r) Frequency excursion (frequency will not decrease to 0, minus 100% without a decrease in voltage)
	Minus 100% to plus 12.0%
	

	     (s)  Duration of frequency excursion
	Up to 2 minutes
	

	     (t)  Voltage Excursion
	Minus 100% to plus 35.0%
	Minus 100% to plus 35.0%

	     (u)  Duration of Voltage Excursion
	
	

	          (1)  Lower Limit (minus 100%)
	Up to 2 minutes
	Up to 2 minutes

	          (2)  Upper Limit (plus 35.0%)
	2 minutes
	2 minutes


         Table 1, Electrical System Characteristics

3.2.5 Input Power Cable and Connectors.  The test set shall provide for the use of cables and connectors, and shall meet the requirements specified in 3.2.5.1. Insofar as practicable, all connectors in the front panel shall be mounted along the side edges of the panel and in no case shall their location be such that the connecting cables interfere with the operating controls. Identification markings for external cables shall be on metal tags (an equivalent method is acceptable) attached to the cables. 

3.2.5.1 Power Cables.   The power cable shall be design in accordance with NAVAIR 17-1-126 Technical Manual section IV and V.

3.2.5.1.1.
All power cable connector backshell screws and nuts will be retained by using locknuts or non-permanent thread locking compound, or by covering the entire backshell with shrink tubing.
3.2.5.2 Excessive Current Drain Protection. Automated safety mechanisms shall be incorporated to automatically disconnect the equipment in the event of current being drawn that is in excess of the equipment rating.

3.2.6 Grounding Requirements. The grounding system between components of the equipment shall be compatible and consistent with the following aircraft grounding scheme.  The Test Set shall be grounded in such a manner as to:

(a) Prevent ground loops and common ground returns for signal and  power circuits.

(b) Provide effective shielding for signal circuits.

(c) Minimize EMI

(d) Protect personnel from electrical hazards.

3.2.6.1.  Chassis ground.  A ground wire of minimum length connected internally to the Test Set chassis shall be provided at a pin on each primary power connector.  No circuit shall be allowed to utilize this wire as its primary return.

3.2.6.2  Shielded grounding.  A separate connector pin shall be provided for each test set wire shield unless suitable grounding is provided in external cable back shells.  The connector shield pins shall be grounded to the equipment chassis inside the Test Set adjacent to the connector mounting and by the shortest means practical. 

3.2.6.3 Component ground.  All externally exposed metal parts, shields, control shafts, switch handles, connectors, or bushings shall be grounded to the chassis.

3.2.7 Built-In-Test (BIT)

3.2.7.1  
Initial Power-On BIT. BIT shall provide an indication of the test set operational status. BIT need not provide fault isolation to the user. In the maintenance mode of the controlling software, BIT shall indicate what test parameter failed in the BIT sequence. BIT shall be automatically initiated at cold power-up.  Failure indication shall be appropriately latched for operator detection on the user display and reset only upon BIT returning a GO status on a successive power-up cycle. 

3.2.7.2 BIT Limits. The BIT routine shall test the functions of the test set to the extent necessary to give an acceptable confidence level of proper operation of the test set. This will include, but not be limited to, measuring battery output, read and write to RAM, memory sum check and internal  communication loop test.  

3.2.7.3 BIT Circuitry Complexity.  BIT circuitry volume and number of components shall not exceed 10% of the volume and number of components of the circuit or module under test.  Controlling software required for the BIT functions shall not exceed 20% of the total required code for operation of the test set. The functional circuitry of the equipment shall be isolated from the BIT circuitry. Under no circumstances shall any failure or change of the BIT circuitry affect the primary function of the equipment.  

3.2.8  Reprogrammability.  The test set shall be wholly reprogrammable via Universal Serial Bus (USB), PCMCIA Card or Ethernet interface.

3.3  Test Set TACAN Requirements.  The test set shall meet the following requirements for testing TACAN systems:

3.3.1  Functional Description.  The test set shall be capable of testing the AN/ARN-52/84/105/118/136/139/153/154 TACAN systems.  The test set shall simulate a ground transponder beacon in the normal Transmit/Receive T/R-X and T/R-Y modes of operation or an airborne TACAN system operating in the air-to-air A/A-X and A/A-Y modes of operation including A/A range and bearing capabilities for the maintenance of airborne TACAN equipment.

3.3.2 Transmission Methods.  The TACAN signals shall be transmitted to and received from the unit under test by radiating antenna-to-antenna or by directly connecting to the TACAN Receiver/Transmitter Weapons Replaceable Assembly (WRA).  In the radiated test mode, the test set shall be capable of checking the operational performance of the airborne TACAN at a distance of 10 to 100 feet from the aircraft for all TACAN systems listed in 3.3.1.

3.3.3  TACAN Generator Selection.  The TACAN generator shall be provided and selected by means of an ON/OFF control, function selector or software menu located on the front panel.

3.3.4  Characteristics.  The test set shall conform to the following requirements:

3.3.4.1  Frequencies.  Radio Frequency output signals shall be provided to cover the frequency range of 962 through 1213 MHz in 1 MHz steps as follows:  The output frequency for normal X Mode shall begin at channel 1 with 962 MHz and increase in 1 MHz increments until channel 63 is reached at 1024 MHz.  Continuing, channel 64 will be at 1151 MHz and increase in 1 MHz increments until channel 126 is reached at 1213 MHz.  The corresponding input frequency for the X Mode shall begin with channel 1 at 1025 MHz and increase in 1 MHz increments until channel 126 is reached at 1150 MHz.

The output frequency for the Y Mode shall begin at channel 1 with 1088 MHz and increase in 1 MHz increments until channel 63 is reached at 1150 MHz.  Channel 64 will be at 1025 MHz.  The output frequency shall increase in 1 MHz increments from there until channel 126 is reached at 1087 MHz.  The corresponding input frequency for the Y Mode shall begin at 1025 MHz (related to channel 1 output frequency) and increase in 1 MHz increments until 1150 MHz is reached (related to channel 126 output frequency).

The output frequency for the A/A-X (Air-to-Air X) and A/A-Y (Air-to-Air Y) Modes shall begin at channel 1 with 1025 MHz and increase in 1 MHz increments until channel 126 is reached at 1150 MHz.  The corresponding input frequency for the (A/A-X) and (A/A-Y) modes shall begin at 1088 MHz (related to channel 1 output frequency) and increase in 1 MHz increments until 1150 MHz is reached (related to channel 63 output frequency).  Continuing, the corresponding input frequency shall be 1025 MHz (related to channel 64 output frequency) and increase in 1 MHz increments until 1087 is reached (related to channel 126 output frequency). 

3.3.4.2  RF Pulse Spectrum.  The energy contained in a 0.5 MHz band centered on a frequency ( 0.8 MHz from the channel frequency shall be at least 23 dB below the energy level contained in a 0.5 MHz band centered on the channel frequency.  The energy contained in a 0.5 MHz band centered on a frequency ( 2.0 MHz from the channel frequency shall be at least 38 dB below the energy level contained in a 0.5 MHz band centered on the channel frequency.  Pulse spectrum shall be measured at the test set RF output connector.

3.3.4.3  Output Impedance.  The transmitter and receiver shall be connected to a common output connector and shall be designed to operate with a nominal 50-ohm load.

3.3.4.4  Test Set Transmitter Power Output.  The test set shall have an effective radiated power of –15 dBm and a direct-coupled output power of –25 dBm at all frequencies specified in 3.3.4.1.  The test set output power shall be adjustable in no greater than 1 dB increments in order to determine TACAN receiver sensitivities down to –100 dBm at distances from 10 to 100 feet.

3.3.4.5  Test Set Receiver Sensitivity.  The receiver shall have sufficient sensitivity to verify operational performance of the TACAN system for the distances listed in 3.3.2 for both the radiated and direct connect test methods.  The peak power output of the airborne TACAN can be 500 to 4000 Watts.

3.3.4.6  Test Set Input Power Protection.  For radiated testing, RF input protection circuitry shall be sufficient to guard against damage in RF field densities up to .77 Watts/foot² continuous wave and 1.6 Watts/foot² (peak) pulsed power at 2% duty cycle.  For direct connect testing, the test set shall not be damaged when measuring transmitter peak power between 500 to 4000 Watts.  Use of an external attenuator is permissible for testing the AN/ARN-139.

3.3.4.7  Traffic Handling Capacity.  The test set shall be capable of receiving standard TACAN interrogations from 1 aircraft and replying to at least 70% of all interrogations.

3.3.4.8  Bearing.  As a minimum the test set shall provide fixed TACAN azimuth information for bearing angles of 0, 45, 90, 135, 180, 225, 270, and 315 degrees with a tolerance of ( 1.0 degree for T/R X and Y modes and ( 2 degrees for A/A X and Y modes.

3.3.4.9  Range.  As a minimum the test set shall provide simulated distance replies corresponding to 0, 10, 68, 150, 194, 283, 297 and 389 nautical miles and the tolerance shall be defined by paragraph 3.3.4.14.2 or ( 0.1 NM, whichever is greater.  The eight simulated ranges shall be paired with the eight bearing angles as follows: 0-0(, 10-45(, 68-90(, 150-135(, 194-180(, 283-225(, 297-270(, 389-315( and be selectable by a front panel control or software menu.

3.3.4.10  Mode.  The test set shall operate in following modes for both X and Y channels: Transmit/Receive (T/R), Air-to-Air (A/A) and Air-to-Air Beacon (A/A Beacon).  The test set mode shall be selectable by a front panel control or software menu.

3.3.4.11  Reply Indicator.  The test set shall provide an indicator that shows the replies from the TACAN under test are received at the correct time.

3.3.4.12  Identity Tone.  The identity tone signal shall consist of a series of paired pulses transmitted at a repetition rate of 1350 pulse pairs per second, phase locked with the tenth harmonic of the 135 cycle reference bearing group.  An equalizing pair of pulses shall be transmitted 100 usec, ( 20 usec, after each identity pair.

3.3.4.13  TACAN Test Set Channels.  The test set shall be capable of operating on all 126 of the Ground-to-Air, and Air-to-Air channels in the X and Y modes.  The following TACAN channels shall be selectable as default preset channels: 5X, 5Y, 47X, 47Y, 89X, and 89Y.  These channels shall be selectable by a front panel control or software menu.  MIL‑STD‑291 requirements must be met as modified by paragraph 3.3.4 and RF stability shall be ( 0.002 percent of the selected channel.

3.3.4.14  Characteristics of the Radiated TACAN Signal.  The airborne TACAN equipment shall be tested for GO/NO-GO purposes with a signal having the characteristics specified in MIL‑STD‑291 with the following deviations:

3.3.4.14.1  Pulse Characteristics.

           a. Pulse Shape.  The pulse envelope as detected by a linear detector shall have a rounded shape falling within the following limits:

          (1) Pulse Top.  The instantaneous amplitude of the pulse shall not, at any instant between the point of the leading edge at 95 percent maximum amplitude and the point of the trailing edge which is 95 percent of the maximum amplitude, fall below a line which is 95 percent of the maximum voltage amplitude of the pulse and is parallel to the base line.

    
    (2) Pulse Rise Time.  The time required for the leading edge of the pulse to rise from 10 to 90 percent of its maximum voltage amplitude shall be 2.0 ( 0.25 microseconds.

          (3) Pulse Fall Time.  The time required for the trailing edge of the pulse to fall from 90 to 10 percent of its maximum voltage amplitude shall be 2.5 ( 0.5 microseconds.

         (4) Pulse Duration.  The pulse duration which is measured between the points on the leading and trailing edges of the pulse which are 50 percent of the maximum voltage amplitude of the pulse, shall be 3.5 ( 0.5 microseconds.

             b.  Pulse Droop.  With no composite bearing signal amplitude modulation applied, any pulse in a pair or in a reference group shall not deviate from the average peak amplitude by more than ( 1%.

             c.  Pulse Coding and Spacing.

Mode
  Interrogation Spacing
  Reply Spacing
X T/R
  12 ( 0.2 usec at 50% ampl pt
  12 ( 0.2 usec at 50% ampl pt

X A/A
  12 ( 0.2 usec at 50% ampl pt
  one pulse

Y T/R       30 ( 0.2 usec at 50% ampl pt
  30 ( 0.2 usec at 50% ampl pt

Y A/A
  24 ± 0.2 usec at 50% ampl pt
  one pulse

3.3.4.14.2  Pulse Modulation.  Modulating pulses shall consist of range replies, bearing reference pulse groups, an identification signal, squitter and Air‑to‑Air interrogations, as defined below:

             a.  Range Reply Signal.  The test set shall transmit a range reply when interrogated in accordance with MIL‑STD‑291 requirements.  A paired pulse range reply signal shall be transmitted when the test set is interrogated in the normal mode.  When in the Air‑to‑Air mode, interrogation shall initiate a single pulse reply.  The dead time shall not be less than 50 microseconds nor more than 60 microseconds.  The simulator shall reply to interrogations, the interval between which is greater than the dead time plus T.  The simulator shall decode and transmit replies to interrogations, the interval between which is T or greater, where T is as defined below:

T = (Ro ( 0.10) + 12.359 (1 ( .001) D

    D = Simulated Range, indicated in nautical miles

T = Delay time in microseconds at the RF input/output connector of the Test Set and is the sum of the zero mile delay, Ro ( 0.10 and the additional delay (12.359) (1 ( .001) (D) incurred by the range simulated.

Range replies simulating distance shall have a time delay between an interrogation and the corresponding range reply in accordance with the above formula.

For normal X and Y modes.  T shall be measured as the delay time between the fifty percent amplitude point of the respective leading edges of the first interrogation pulse of a coded pair and corresponding point on the first RF reply pulse of a coded pair.

In the X or Y Air‑to‑Air modes.  T shall be measured as the delay time between the fifty percent amplitude point of the respective leading edges of the first interrogation pulse of a coded pair and the corresponding transmitted RF reply pulse.

Ro = Zero mile range delay


Ro

Mode
50 ( 0.20 microseconds
Normal, X

62 ( 0.20 microseconds
Air‑to‑Air (A/A), X

74 ( 0.20 microseconds
Normal, Y

74 ( 0.20 microseconds
Air‑to‑Air (A/A), Y

The test set shall be designed and calibrated to have range reply delay characteristics in accordance with the above formula.  When the specified value of Ro is employed for the mode selected, the delay time (T) at the RF Input/Output connector shall be within limits established by the formula for any range simulated from zero to at least 300 miles.  The Test Set shall verify/check Ro for Airborne TACAN systems.

    b.  Main Reference Bearing Pulse Group.  The 15 Hz reference bearing signal shall consist of a group of 12 pairs of pulses, with the spacing between pairs established 30 ( 0.20 microseconds for the X mode and shall consist of a group of 13 single pulses spaced 30 ± 0.20 microseconds for the Y mode and 10 single pulses spaced 30 ( 0.2 microseconds for the A/A (X) mode.  In each case, the repetition rate of the group shall be 15 groups per second ( 0.2 percent.

    c.  Auxiliary Reference Bearing Pulse Group.  The 135 Hz reference bearing signal shall consist of six (6) pairs of pulses, with the spacing between pairs established as 24 ( 0.20 microseconds for the X mode and shall consist of a group of 13 single pulses spaced 15 ( 0.20 microseconds for the Y mode.  In each case, the repetition rate of the group shall be 135 Hz which shall be synchronized with the main reference group; however, the auxiliary group which would otherwise coincide in time with the main reference group shall not appear in this position in the final output signal.  No auxiliary reference pulse group shall be transmitted for Air‑to‑Air or inverse operating testing.

    d.  Identification Signal.  The identification signal shall consist of a series of paired pulses having a spacing as specified in 3.3.4.12, transmitted at a repetition rate of 1350 pulse pairs per second and synchronized so that the first pulse of an identity pair shall occur 740 ( 50 microseconds after the first pulse of the preceding auxiliary reference group.  To preserve a constant duty cycle and to minimize bearing error during identity signals, an equalizing pair of pulses shall be transmitted 100 ( 10 microseconds after each identity pair.  Provision shall be made to permit identification signal transmission.

    e.  Squitter Rate.  When Ground to Air operation is simulated, the signal shall have randomly distributed pulses, which shall occur at a fixed rate of 2700 ( 81 pulse pairs per second before the reference groups are added.  When the A/A Beacon mode of operation is simulated, the squitter rate shall also be a fixed rate at 1350 ( 300 pulses per second.  The random pulses shall include any range replies. The spacing between any two consecutively transmitted random pulse pairs that are not range replies shall not be less than 60 ( 10 microseconds.

    f.  Air‑to‑Air Interrogations.  In the Air‑to‑Air mode range replies shall be single pulses as specified per MIL‑STD‑291 and modified by paragraph 3.3.4.14.1.

    g.  Precedence.  In the normal mode, squitter, identification, and range reply signals must not appear during a main or auxiliary references pulse group.

3.3.4.14.3  15 and 135 Hz Composite Bearing Signal.  The composite bearing signal shall amplitude modulate the radio frequency output pulse signals in the Normal X and Y, Air‑to‑Air X and Y Bearing Modes.  15 Hz and 135 Hz sine wave components shall be related and added to form the composite signal as specified in MIL‑STD‑291, except that tolerances shall be as specified herein.  The output bearing signal shall not be in error by more than 1 degree (azimuth).  The modulation index for the 15 Hz and 135 Hz shall be within 15‑30%.

    a.  Harmonic Content.  The harmonic content of the 15 and 135 Hz components of the radio frequency output signals, other than the ninth harmonic of 15 Hz and the tenth harmonic of 135 Hz, shall not exceed 10% of each component.
    b.  15 Hz Bearing Information.  15 Hz simulated bearing shall be determined by the time delay from the main reference pulse group to the positive slope point of inflection of the 15 Hz component of the composite signal through use of the following formula;

                 T ( 9

B(15) =   ___________________     

          185.1852 (1 ( 0.001)

where B(15) is the simulated bearing represented by the 15 Hz component in degrees and T is the delay time in microseconds. 185.1852 = micro​seconds per degree of the 15 Hz sine wave = microseconds per degree of bearing.  For X mode operation, the delay shall be measured from the 50% amplitude point on the leading edge of the tenth pulse of the main reference pulse group. For Y Mode operation, the delay shall be measured from a point that is midway between the 50% amplitude points on the leading edges of the sixth and seventh pulses of the main reference pulse group.  For the A/A(X) Mode of operation the delay shall be measured from a point that is midway between the 50% amplitude points on the leading edges of the sixth and seventh pulses of the main reference group.

    c.  135 Hz Bearing Information.  Vernier simulated bearing information within 40 degree bearing sectors shall be determined by the time delay from the 50% amplitude point on the leading edge of the twelfth pulse of the auxiliary reference pulse group to the positive slope point of inflection of the 135 Hz component of the composite signal.  This delay time, representative of degrees of phase shift of the 135 Hz sine wave, is considered here in terms of the time equivalent of degrees of the 15 Hz sine wave (B(15)) to obtain the bearing simulated by the composite bearing signal directly.

    d.  15 and 135 Hz Composite Bearing Information.  The bearing simulated by the 15 and 135 Hz composite bearing signal shall be given by:

                                               T ( 9

               B (15)(135) = 40 (N‑1) +   _________________

                              185.1852 (1 ( .001)

where B(15), (135) is the simulated bearing in degrees determined by the 15 and 135 Hz composite bearing signal.  N is an integer which represents the 40 degrees sector in which B (15), (135) is located, as determined from the 15 Hz simulated bearing B(15), and T is the delay time in microseconds within that sector to the bearing B(15), (135).

3.3.4.15  Controls.  The following controls, labeled as capitalized shall be provided on the test set.

    a.  Power – ON/OFF

    b.  Range Selector 

    c.  Bearing Selector 
    d.  Reply Indicator 
    e.  
Peak Power Measurement/Indication
    f.  Mode Selector 
    g.  Channel Selector
Control functions may be combined as appropriate.

3.3.4.16  Antenna.  The antenna shall be an integral part of the Test Set.  It shall radiate the signal generated by the test set for the airborne equipment.  The antenna shall meet all the performance, operational and service condition requirements for the test set.

3.3.4.17 Accessories.  All accessories (RF cables, attenuators, adaptors) required for direct connect and radiated measurements shall be supplied and stored within the test set case.

3.4  Test Set VOR/ILS/LOC/GS/MB Requirements.  The test set shall meet the following requirements for the VOR/ILS/LOC/GS/MB systems.

3.4.1  Functional Description.  The test set shall be capable of testing VOR, Instrument Landing System, Localizer, Glide Slope and Marker Beacon receiver equipment by generating both RF and audio signals to International Civil Aviation Organization (ICAO) Annex 10 Category III precision.  

3.4.2  Transmission Methods.  The VOR/ILS/LOC/GS/MB signals shall be transmitted to the units under test by radiating antenna-to-antenna or by directly connecting to the receiver WRA.  In the radiated test mode, the test set shall be capable of checking the operational performance of the various systems at a distance of 10 to 100 feet from the aircraft.  
3.4.3  RF Output for VOR, LOC, ILS, GS, and MB.  

3.4.3.1  RF Output Attenuator.  The RF level shall be adjustable in not greater than 1 dB increments from 0 to –110 dBm (2.0 dBm when measured into a 50 Ohm load at the RF IN/OUT connector, or at the output to the antenna, depending on the design.  The attenuation value shall be selectable from a front panel control.

3.4.3.2  RF IN/OUT Connector/Antennas.
3.4.3.2.1  Connector.  The RF IN/OUT connector shall be a stainless steel chassis mounting type and shall be labeled “RF IN/OUT”.

3.4.3.2.2  Antennas.  Antennas shall be provided and shall be capable of radiating the VOR, LOC, GS and MB frequencies listed in this specification when they are modulated as described in this specification.  The antennas can be integrated into the test set, collapsible into the test set or detachable.  The surface-mounted connector or remaining protrusion of the collapsed antenna shall not extend over 0.25 inches from the test set.  If the antenna must be longer than 12 inches, it shall be telescoping.  It shall be mechanically and electrically compatible with the connector specified in 3.4.3.2.1.

3.4.3.3  RF Output Level.  The level of the unmodulated RF signal shall not be less than –20 dBm when measured into a 50 Ohm load.  The test set shall radiate sufficient RF output power from the antenna, at a 0 dBm attenuation setting, to perform all testing functions at a distance of 10 to 100 feet from the aircraft. 

3.4.3.4  Output Impedance.  The output impedance of the RF signal circuit shall be 50 Ohms and shall be matched to the antennas.

3.4.3.5  Accessories.  All accessories (RF cables, attenuators, adaptors) required for direct connect or radiated measurements shall be supplied and stored within the test set case.

3.4.4  VHF Omni-Directional Range Generator.
3.4.4.1  VHF Omni-Directional Range Generator Selection.  The VHF Omni-Directional Range (VOR) signal generator shall be selected by means of an ON/OFF control, function selector or software menu located on the front panel and labeled as such.

3.4.4.2  RF Frequency Range.  The VOR signal generator shall provide continuous sine waves over the frequency range from 108.00 MHz to 117.95 MHz.  The following frequencies shall be set as preset frequency selections 108.1 MHz and 108.05 MHz.  These frequencies, referred to as RF herein, shall be modulated as specified herein.

3.4.4.2.1  RF Frequency Selection.  The output frequency shall be selected by means of a control or software menu located on the front panel.
3.4.4.2.2  RF Frequency Stability.  The variation in frequency of the RF output frequency shall not exceed (0.0025%.

3.4.4.2.3  RF Spectral Purity.  At the frequencies specified in 3.4.4.2, the following specifications shall be met:

3.4.4.2.3.1  Harmonics.  The level of any harmonic on the desired RF signal shall be at least 30 dB below the output level of the desired fundamental RF signal.

3.4.4.2.3.2  Spurious Signals.  The total of all spurious signals, including sub harmonics, accompanying the desired RF signals shall be at least 35 dB below the output level of the desired RF signal (15KHz and at least 40 dB below the carrier output level at (25KHz in a 300 Hz resolution bandwidth, as measured at the RF IN/OUT connector and into a 50 Ohm load.

3.4.4.2.3.3  Broadband Noise.  The level of any broadband noise on the desired RF signal shall be at least 90 dB below the carrier output level(measured in a 1 HZ noise bandwidth at more than 15KHz from the carrier frequency), as measured at the RF IN/OUT connector and into a 50 Ohm load.  

3.4.4.3  VOR Tones.  The VOR carriers shall be amplitude modulated by the following AF tones:

   a.  30 Hz sine wave (variable phase).

   b. 9960 Hz sine wave (frequency modulated by a 30 Hz reference     phase signal).

   c.  1020 Hz sine wave.

3.4.4.3.1  Audio Frequency Accuracy.  The 30 Hz variable phase, the 30 Hz reference phase and the 9960 Hz shall be accurate to within (0.01%, and the 1020 Hz signals shall be accurate to within (2.0%.

3.4.4.3.2  Audio Frequency Spectral Purity.  For each of the audio signals specified in 3.4.4.3, the total distortion due to harmonics, noise and spurious signals shall be less than 5.0% the level of the fundamental audio frequency in a bandwidth of twice the fundamental frequency.

3.4.4.3.2.1  Incidental AM Due to FM.  With the 9960 Hz signal frequency modulated with a deviation ratio of 16 (1 by a 30 Hz signal, the amplitude modulation of the 9960 Hz signal shall not exceed 1.0%.

3.4.4.3.3  9960 Hz FM Subcarrier.  The 9960 Hz subcarrier shall be frequency modulated by a 30 Hz fixed reference phase signal, with a peak deviation of 480 (30 Hz.  The 9960 Hz FM signal shall amplitude modulate the RF carriers.

3.4.4.3.4  30 Hz Variable Phase Signal.  A second 30 Hz signal shall be provided which is variable in phase with respect to the 30 Hz fixed phase reference signal from 0( to 315.00( lagging in (45.0( steps.

3.4.4.3.5  30 Hz Frequency Equality.  The 30 Hz reference signal and 30 Hz variable signal shall be coherent.

3.4.4.3.6  Bearing Signal.  The 9960 Hz sub-carrier (9960 FM signal), which is frequency modulated by the 30 Hz reference signal, and the 30 Hz variable phase signal shall amplitude modulate the RF carriers simultaneously and proportionately.

3.4.4.3.6.1  Modulation Depth.  The 9960 Hz FM signal and the 30 Hz variable signal shall each be of sufficient magnitude to amplitude modulate the RF carriers to a preset depth of 30%.

3.4.4.3.6.2  Bearing Selector.  A control shall be provided to vary the bearing from 000.0 to 315.0( in (45( steps.

3.4.4.3.6.2.1  Bearing Indicator.  The bearing indicator shall have a resolution of 45( or better and indicate directly in degrees.

3.4.4.3.6.2.2  Bearing Accuracy.  The bearing of the VOR signal on the RF carrier shall be within (0.33( of the audio bearing as set by a VOR standard.  
3.4.4.3.6.2.3  Bearing Stability.  The VOR bearing shall not vary more than (1( under all combinations of environmental conditions.

3.4.4.3.6.2.4  Variable Bearing Control.  A Control shall be provided to continuously vary the VOR bearing 10( (2( either clockwise or counterclockwise about the selected bearing.  This control shall have an off position in which the variable bearing circuitry is not operative.

3.4.4.3.7  30 Hz Variable and 30 Hz Reference Delete.  Front panel control shall be provided to delete the 30 Hz variable and 30 Hz reference signals independently and simultaneously.

3.4.4.3.8  ID Tone.  The 1020 Hz shall amplitude modulate VOR frequencies both separately and with the VOR modulation present.  An ON/OFF front panel control shall be provided for this signal.

3.4.4.3.8.1  Modulation.  The depth of modulation of the VOR frequencies by the 1020 Hz signal shall be fixed at a modulation level of 20.0% (5.0% with less than 5% RF distortion.

3.4.5  Instrument Landing Systems Generator.

3.4.5.1  Instrument Landing Systems Generator Selection.  An Instrument Landing Systems (ILS) generator shall be provided and selected by means of an ON/OFF control, function selector or software menu located on the front panel and labeled as such.  Selection of the ILS generator shall provide simultaneous transmission of the Localizer and Glide Slope signals defined in paragraphs 3.4.6 and 3.4.7.

3.4.5.1.2  RF Frequencies.  The ILS generator shall provide Localizer and Glide Slope signals in the following frequency pairs:  108.1/334.7 MHz and 108.15/334.55 MHz.

3.4.5.1.2.1  RF Frequency Selection.  The output frequencies shall be selected by means of a control or software menu located on the front panel.  The control shall be labeled with the appropriate frequency pairs.

3.4.5.1.3  Simultaneous Marker Beacon.  A separate control or software menu on the front panel shall allow the simultaneous transmission of the MB signal defined in paragraph 3.4.8 at any time when the ILS generator is selected.

3.4.5.1.4  VOR/LOC/ILS FM Immunity. The test set shall be capable of generating an FM tone in the frequency range of 100 to 108 MHz that shall simulate a commercial radio station to demonstrate no interference effects to the UUT.  The power level of the signal shall be TBD.
3.4.6  Localizer  Generator.
3.4.6.1  Localizer Generator Selector.  The Localizer (LOC) generator shall be selected by means of an ON/OFF control, function selector or software menu located on the front panel and labeled as such. 

3.4.6.2  RF Frequency Range.  The LOC generator shall provide continuous sine waves over the frequency range from: 108.10 MHz to 111.95 MHz .  The following frequencies shall be set as preset frequency selections 108.1 MHz  and 108.15 MHz.  These frequencies, referred to as RF herein, shall be modulated as specified herein.

3.4.6.2.1  RF Frequency Selection.  The output frequency shall be selected by means of a control or software menu located on the front panel.

3.4.6.2.2  RF Frequency Stability.  The variation in the frequency of the RF output frequency shall not exceed (0.0025%.

3.4.6.2.3  RF Spectral Purity.  At the frequencies specified in 3.4.6.2 the following specifications shall be met:

3.4.6.2.3.1  Harmonics.  The level of any harmonic on the desired RF signal shall be at least 30 dB below the output level of the desired fundamental RF signal.

3.4.6.2.3.2  Spurious Signals.  The total of all spurious signals, including sub harmonics, accompanying the desired RF signal shall be at least 35 dB below the output level of the desired RF signal at (15KHz and at least 40 dB below the carrier output level at (25KHz in a 300 Hz resolution bandwidth, as measured at the RF IN/OUT connector and into a 50 Ohm load.
3.4.6.2.3.3  Broadband Noise.  The level of any broadband noise on the desired RF signal shall be at least 90 dB below the carrier output level (measured in a 1 Hz noise bandwidth at more than 15 KHz from the carrier frequency), as measured at the RF IN/OUT connector and into a 50 Ohm load.  

3.4.6.3  Localizer Tones.  The LOC carriers shall be amplitude modulated by 90, 150 and 1020 Hz sine wave audio frequencies (AF) tones.

3.4.6.3.1  Audio Frequency Accuracy.  The 90 and 150 Hz signals shall be accurate to within (0.01%.  The 1020 Hz signal shall be accurate to within (2.0%.

3.4.6.3.2  Audio Frequency Spectral Purity.  For each of the audio signals specified in 3.4.6.3, the total distortion due to harmonics, noise and spurious signal shall be less than 5% for the 90 and 150 Hz signals at preset 20% AM, less than 1.0% in the variable range from 5 to 40 % AM, and less than 10% for the 1020 Hz signal at preset 30% AM.

3.4.6.3.3  Modulation Depth.  The 90 and 150 Hz signals shall be used to amplitude modulate the LOC frequencies specified in 3.4.6.2.  The 90 and 150 Hz signals shall be supplied both separately and together and be of sufficient magnitude to modulate the carrier to a preset depth of 20%.  They shall also vary simultaneously and proportionately.

3.4.6.3.4  90 and 150 Hz Phase Error.  The phase error of the 90 and 150 Hz signals shall not exceed 10.0(.  Relative phase is defined as the difference in 30 Hz degrees of the points at which the 90 and 150 Hz waveform crosses the zero axis in the same direction at the same time.
3.4.6.3.5  DDM Control.  The output ratio of the 90 and 150 Hz signals shall have at least the following presets:  0.155 (0.02 DDM, for both 90 Hz dominant and 150 Hz predominant and 0.000 ( 0.1 DDM on course (“OC”).  For the purposes of determining DDM, the base shall be 0.20 when the function selector is in the LOC (localizer) function. 

3.4.6.3.5.1  Variable DDM Control.  A control shall be provided to continuously vary the DDM from 0.155 (0.02 DDM 90 Hz predominant to 0.155 (0.02 DDM, 150 Hz predominant.  This control shall have an off position in which the variable DDM circuitry is not operative. 

3.4.6.3.6  90 and 150 Hz Delete.  Front panel controls or software menu selection shall be provided to delete the 90 and 150 Hz tones independently.

3.4.6.3.7  ID Tone.  The 1020 Hz signal shall amplitude modulate localizer frequencies, either separately or with the LOC modulation present and shall be selectable by a front panel ON/OFF control, function selector or software menu.

3.4.6.3.7.1  Modulation.  The depth of modulation of the localizer frequencies by the 1020 Hz signal shall be fixed at a modulation level of 20% (5.0% with less than 5.0% RF tone distortion.

3.4.7  Glide Slope Generator.
3.4.7.1  Glide Slope Generator Selection.  The Glide Slope (GS) generator shall be selected by means of an ON/OFF control, function selector, or software menu located on the front panel and labeled as such.

3.4.7.2  RF Frequency Range.  The GS generator shall provide continuous sine waves over the frequency range of:  329.15 MHz to 335 MHz.  The following frequencies shall be set as preset frequency selections 334.7 MHz and 334.55 MHz.  These frequencies, referred to as RF herein, shall be modulated as specified herein.

3.4.7.2.1  RF Frequency Selection.  The output frequency shall be selected by means of a control or software menu located on the front panel.

3.4.7.2.2  RF Frequency Stability.  The variation in the frequency of the RF output frequency shall not exceed (0.0025%.

3.4.7.2.3  RF Spectral Purity.  At the frequencies specified in 3.4.7.2, the following specifications shall be met:

3.4.7.2.3.1  Harmonics.  The level of any harmonic on the desired RF signal shall be at least 25 dB below the output level of the desired fundamental RF signal.

3.4.7.2.3.2  Spurious Signals.  The total of all spurious signals, including sub harmonics, accompanying the desired RF signal shall be at least 35 dB below the output level of the desired RF signal at (15 KHz and at least 40 dB below the carrier output level at (25 KHz in a 300 Hz resolution bandwidth, as measured at the RF IN/OUT connector and into a 50 Ohm load.

3.4.7.2.3.3  Broadband Noise.  The level of any broadband noise on the desired RF signal shall be at least 90 dB below the carrier output level (measured in a 1 Hz noise bandwidth at more than 15 KHz from the carrier frequency), as measured at the RF IN/OUT connector and into a 50 Ohm load.  
3.4.7.3  Glide Slope Tones.  The GS carriers shall be amplitude modulated by 90 and 150 Hz sine wave audio frequencies (AF) tones. 
3.4.7.3.1  Audio Frequency Accuracy.  The audio signals specified in 3.4.7.3 shall be accurate to within (0.01%.

3.4.7.3.2  Audio Frequency Spectral Purity.  For each of the audio signals specified in 3.4.7.3, the total distortion due to harmonics, noise and spurious signals shall be less than 5% for the 90 and 150 Hz signals.  
3.4.7.3.3  Modulation Depth.  The 90 Hz and 150 Hz signals shall be used to amplitude modulate the GS frequencies specified in 3.4.7.2 and shall be supplied both separately and together.  Each signal shall be of sufficient magnitude to modulate the carrier to a preset depth of 40%.

3.4.7.3.4  90 and 150 Hz Phase Error.  The phase error of the 90 and 150 Hz signals shall not exceed 10.0(.  Relative phase is defined as the difference in 30 Hz degrees of the points at which the 90 and 150 Hz waveform crosses the zero axis in the same direction at the same time.

3.4.7.3.5  DDM Control.  The output ratio of the 90 Hz signals shall have presets at 0.175 (0.025 DDM, at both 90 Hz predominant and 150 Hz predominant and 0.000 (0.10 DDM on course (“OC”).  For purposes of determining DDM, the base shall be 0.40 for the GS function.

3.4.7.3.5.1  Variable DDM Control.   A control shall be provided to continuously vary the DDM from 0.175 (0.035 DDM, 90 Hz predominant to 0.175 ( 0.035 DDM, 150 Hz predominant.  This control shall have an off position in which the variable DDM circuitry is not operative. 

3.4.7.3.6  90 AND 150 Hz Delete.  Two front panel controls or software menu selections shall be provided to delete the 90 and 150 Hz tones independently.

3.4.8  Marker Beacon Generator.
3.4.8.1  Marker Beacon Generator Selection.  The Marker Beacon (MB) generator shall be provided and selected by means of an ON/OFF control, function selector or software menu located on the front panel and labeled as such.

3.4.8.2  RF Frequency.  The MB generator shall provide continuous sine waves at the fixed frequency of 75.0 MHz.  This frequency, referred to as RF herein, shall be modulated as specified herein.

3.4.8.2.1  RF Frequency Stability.  The variation in frequency of the RF output frequency shall not exceed ( 0.005%.

3.4.8.2.2  RF Spectral Purity.  At the frequency specified in 3.4.8.2 the following specification shall be met:

3.4.8.2.2.1  Harmonics.  The level of any harmonic on the desired RF signal shall be at least 30 dB below the output level of the desired fundamental RF signal.

3.4.8.2.2.2  Spurious Signals.   The total of all spurious signals, including sub harmonics, accompanying the desired RF signal shall be at least 35 dB below the output level of the desired RF signal at (15 KHz and at least 40 dB below the carrier output level at (25.0 KHz in a 300 Hz resolution bandwidth, as measured at the RF IN/OUT connector and into a 50 Ohm load.

3.4.8.2.2.3  Broadband Noise.  The level of any broadband noise on the desired RF signal shall be at least 90 dB below the carrier output level measured in a 1 Hz noise bandwidth at more than 15 KHz from the carrier frequency, as measured at the RF IN/OUT connector and into a 50 Ohm load. 

3.4.8.4  Marker Tones.  The MB Carrier shall be amplitude modulated by the following audio frequency (AF) tones:

  a. 400 Hz sine wave (outer marker beacon)

  b. 1300 Hz sine wave (middle marker beacon)

  c. 3000 Hz sine wave (inner marker beacon)

3.4.8.4.1  Audio Frequency Accuracy.  The audio signals specified in 3.4.8.4 shall be accurate to within (2.0%.

3.4.8.4.2  Audio Frequency Spectral Purity.  For each of the audio signals specified in 3.4.8.4, the total distortion due to harmonics, noise, and spurious signals shall be less than 10%.

3.4.8.4.3  Modulation Depth.  Each marker tone shall be capable of amplitude modulating the carrier with a modulation level range from 95.0 (2%.

3.4.8.4.3.1  Envelope Distortion.  The distortion of the modulation envelope on the RF carrier shall be less than 10%.

3.4.8.4.4  Tone Selection.  Each tone shall be selected by means of control(s) or software menu with each control or controls position properly labeled to indicate the marker beacon frequency or position, (i.e. outer, middle, inner).

3.5 Link-4A/ACLS Test Set Requirements

3.5.1 Functional Description. This section  establishes the minimum performance requirements for the  Link 4A Digital Data Link portion of the test set. The Test Set will be capable of preprogrammed, automatic, and manual modes of operation, in performance of Organizational Level analysis and maintenance functions.  The test set will replace the ID-1956/ASW Indicator Monitor and SM-511A/ASW Transmitter/Receiver Digital Simulator Test Sets.  These Test Sets are currently used at the Organizational and Intermediate Level for testing the AN/ASW-25B and at the Organizational Level for testing the RT-1379/ASW Airborne Data Link Systems.  These functions will be an integral component of the test set. The test set shall simulate Carrier Aircraft Inertial Navigation System (CAINS) alignment messages, test the fighter-to-fighter data link using TADIL C F-series messages, and test the Automatic Carrier Landing System (ACLS) using TADIL C V-Series and R-Series messages in accordance with STANAG 5504.  

3.5.2 REQUIREMENTS

This section provides the test set requirements to perform Organizational Level (O-Level) functional analysis, operational capability, and fault detection/isolation of Link 4A Digital Data Link Communication Equipment installed on aircraft, as well as Intermediate Level (I-level) testing of the AN/ASW-25. The Test Set shall be comprised of an Indicator Monitor and a Receiver/Transmitter. The Test Set shall be capable of; generating, transmitting, receiving, processing, and monitoring Ultra High Frequency (UHF) Frequency Shift Key (FSK) formatted Link-4A test, control, and reply messages as described in MIL-STD-188-203.3. The Test Set shall provide the options of entering messages by manual input or automatic selection of pre-stored messages. 
Pre-stored messages shall be re-​programmable. It shall also decode and validate received aircraft reply messages. The transmitted control and test messages shall be capable of being received by aircraft Data Link and ACLS systems. Aircraft transmitted Link-4A reply messages shall be capable of being received by and decoded by the Test Set. The Test Set shall have two RF power output levels. Hi Power mode may be used when aircraft are at a considerable distance from the Test Set or a large interference is present. Lo power shall be used within 20 feet of the aircraft. A retractable or removable UHF antenna, AS-2264 or equivalent, shall be provided with the Test Set with a suitable mount. The Test Set design shall be automated and user friendly with operator prompts displayed for operator action. Functional elements in the terminal subsystem may be integrated and combined into a single equipment. The TADIL C system normally interconnects tactical and support aircraft to the aircraft control units.  TADIL C is a 5 KB half duplex digital data transmission system used to transfer aircraft control and target information between a control station and a controlled aircraft.  Transmission shall be serial time division multiplex on a single radio frequency (RF) carrier with individual messages transmitted on a sequential time division basis.  Messages originated and sent by a control station will be known as C-MSGs while messages replying to control messages will be known as R-MSGs.  The TADIL C system shall be able to transmit and receive cycles as specified herein. 

3.5.2.1 Indicator Monitor.

3.5.2.1.1 Function  - The Indicator Monitor shall be capable of displaying Programmed Test Menus and manual keypad entries for Operator Actions, accepting function switch and keypad entries for test execution and display, and providing Test Set health status indications. The Indicator Monitor shall be capable of providing pre-programmed (stored), manually inputted, and Universal Test Link Message (UTM) Link-4A control messages to the Receiver/Transmitter.  Aircraft Addresses shall be manually inputted via keypad entry and injected into the data stream in Auto and Manual modes. Remaining Direction, Odd/Even Label, Parity, and Data bits shall be entered via the keypad in Manual mode and injected into the C-MSG data stream. Keypad entries shall be displayed on the Programmed Test Menu display with clear-bit and clear-all capabilities. Message rates shall be at a minimum 16 msec or 96 msec. The UTM shall be injected in the C-MSG data stream in Auto and Manual modes IAW NA 16-35SM511-1 (pages 4-3 thru 4-6) and MIL-STD-6004(S) (pages 5-229 and 5-189). C-MSGs shall be monitored for synchronization, timing, parity, and message formatting. In the event of an error in the control message, an Error indicator will be illuminated. The Indicator Monitor shall also be capable of decoding demodulated Data Link R-MSGs from the Receiver/Transmitter.  Reply message status shall be acknowledged on a Reply or No-Reply indicator. The Indicator Monitor shall be wholly re-programmable using a standard Personal Computer or laptop via USB, PCMCIA card or Ethernet Interface. Link-4A message formats shall conform to MIL-STD-118-203.3. Automated pre-programmed test procedures shall mirror current O-Level testing of the RT-1379/ASW and AN/ASW-25 aircraft Data Link systems as much as possible. For guidance, see the following NAVAIR Tech Manuals.

F/A-18 C/D
A1-F18AC-630-200
WP 014 00

F/A-18 E/F
A1-F18AE-630-200
WP 015 00

E-2C

01-E2AAA-2-17.1.1
WP 015 00

S-3B

01-S3B-2-3-14-1
WP 016 00

EA-6B

01-85ADC-2-23-4A
WP 004 00

3.5.2.1.1.1 Monitor Mode - A select function shall be provided to select the following modes of operation:

 (1) C-MSG - The control message (C-MSG) mode provides Link 4A coded Control messages to the Receiver/Transmitter, monitors the C-MSG, and illuminates the Error indicator in the event of any errors detected in the C-MSG format, timing, parity, synchronization, or addressing. Appropriate selection of pre-programmed data from the Stored Message Generator or manual A/C address and Message Data Selectors determines the control message to be transmitted and displayed. This mode uses message rate of 16 msec and is used when testing the ACLS AN/ASW-25 aircraft systems.

(2) R-MSG - The reply message (R-MSG) mode decodes RCVR Data Link 4A R-MSG inputs from the Receiver/Transmitter IAW NA16-35/SM511-1 (pages 4-3 thru 4-6) and MIL-STD-6004 (S) (pages 5-193 and 5-201). The No-Reply indicator shall be extinguished and the Reply indicator shall be illuminated when a valid R-MSG has been received from the Receiver/Transmitter Upon loss of a valid R-MSG, the No-Reply indicator shall be illuminated and the Reply indicator shall be extinguished.  In R-MSG mode, a C-MSG stimulating two-way communication with the aircraft Data Link system is transmitted and the receiver is monitored for a valid R-MSG. The message rate shall be 96 msec and is used when testing the Data Link RT-1379/ASW aircraft systems.

 (3) BIT -1 - The BIT -1 mode shall provide sufficient built-in-test to indicate to the operator that the unit operates properly in the C-MSG mode with 80% or better confidence. Up to five messages from the stored message Generator may be used to accomplish this built-in-test mode. The transmitted frequency and power outputs shall be monitored as a function of Bit. The receiver will detect transmitted data and provide decoded data for comparison. 

(4) BIT-2 - The BIT-2 mode shall provide sufficient built-in-test to indicate to the operator that the unit operates properly in the R-MSG mode with 80% or better confidence. Messages from the Stored Message Generator shall be sent to the receiver/transmitter for translation to the selected frequency and injection in the receiver input. The demodulated data shall be decoded for comparison.

3.5.2.2 Reset - A momentary select shall be provided as a master reset for the test set. Whenever power is switched on for the test set the reset function shall be used to clear and initialize all logic in the test set. 

3.5.2.3 Stored Message Generator AUTO/OFF/MAN. - A three-position Function switch shall provide for the following modes of operation for the Stored Message Generator.

(1) OFF - In this position there shall be no output from the stored message generator though power may still be applied.

(2) MAN - The manual position shall cause the Stored Message Generator to output a message every 16 or 96 milliseconds on a continuous basis. The message transmitted is the message selected on the Aircraft Address and Message Data Selector except when the monitor mode is in a BIT position. The transition of the AUTO/OFF/MAN function from the OFF to MAN position shall initiate this mode. During Manual mode, the Program Test Menu display will display selected controls entered thru the keypad. These controls are as follows:


Selected Frequency



Selected Attenuation


Selected Aircraft Address


Selected Odd Label Bits


Selected Even Label Bits


Selected C-MSG Data Bits


Selected MSG Mix


Selected Parity Bits


Message Rate


Mode

3.5.2.3.1 Message Rate. - A two-digit display with decimal point and a suffix denoting milliseconds or seconds shall indicate the message rate selected during initial setup. The message rate shall be latched until Auto or a different rate is selected via keypad. Messages rates shall be IAW NA16-35/SM-511-1 (pages 4-3 thru 4-6).

3.5.2.3.2. Mode. - A two-digit display shall indicate the Test Set mode of operation selected during initial setup. The operating mode selected shall be latched until Auto or a different mode is selected via keypad. Modes to be displayed shall be IAW NA16-35/SM-511-1 (pages 4-3 thru 4-6).

(3) AUTO - The automatic position shall cause the Stored message Generator to sequence through a series of messages determined by the Program Test Menu selection, Bit selector, and stored messages in the read only memory of the message generator. In the following automatic modes the transition of the AUTO/OFF/MAN function from the OFF to AUTO position shall initiate the sequence. In Bit modes, the message generator shall start with the first message of the BIT sequence selected on the monitor Mode switch and cycle through the last message of the BIT sequence selected then stop. The BIT sequence may only be repeated by placing the AUTO/OFF/MAN switch in the OFF position and then returning to the AUTO position.

3.5.2.4 Message Synchronization - The synchronization of messages shall consist of (1) recognition of the unique synchronization pattern in a C-MSG as defined in NA16-35/SM511-1 (pages 1-31 thru 1-35), (2) correlation of the C-MSG aircraft address code with the code selected on the Aircraft Address Selector, (3) detection of the correct C-MSG direction bit defined in NA16-35/SM511-1 (pages 4-3 thru 4-6), (4) correlation of the C-MSG stored message or Message Data Selector, (5) recognition of the unique synchronization pattern in the R-MSG 30 to 40.4 milliseconds after the end of the properly addressed C-MSG as defined in NA16-35/SM511-1 (pages 1-31 thru 1-35), and (6) detection of the correct R-MSG direction bit defined in NA16-35/SM511-1 (pages 4-3 thru 4-6). The synchronization and subsequent processing of a R-MSG shall be completely dependent upon prior receipt of an appropriate C-MSG. The test set shall monitor the three parity segments of C-MSGs and light the Error indicator if one or more of the parities are incorrect. The test set shall time the period, 30-40.4 milliseconds, in which a R-MSG should occur. If no R-MSG occurs during this window or if the R-MSG direction bit is incorrect, the No-Reply indicator shall be lit and the Reply indicator shall be extinguished. Receipt of R-MSGs during the correct window with the correct direction bit shall extinguish the No-Reply indicator and illuminate the Reply indicator. 

3.5.3 Transmitter Receiver. 

3.5.3.1. Frequency. - A programmable UHF/FSK signal generator shall be provided. Programming shall be accomplished via pre-programmed test selection from the Program Test Menu or keypad entry. Selected frequencies shall be displayed on the Program Test Menu display. Selectable frequency range shall be 300.0 MHz to 324.9 MHz in 100 KHz increments. The UHF output signal frequency stability shall be +/- 2.5 KHz maximum when the Test Set is operated under the standard conditions and +/- 3.5 KHz maximum when subjected to the continuous extreme temperature service conditions given in Specification MIL-PRF-28800. Initial frequency selected at power up shall be 300.00 MHz. 

3.5.3.2. Modulation. - C-MSG signals shall be modulated FSK Serial Bit Stream of time-division multiplexed IAW MIL-STD-188-203-3 with binary ZERO and ONE conditions. DC reference level shall be 0 volts. A binary one shall increase the RF carrier frequency by 20 (+/- 1) kHz and a binary zero shall decrease the RF carrier frequency 20 (+/- 1) kHz. Received R-MSG signals shall be demodulated such that a +20 (+/- 1) kHz shift from center RF shall provide a binary one and a -20(+/- 1) kHz shift from center RF shall provide a binary zero. Without external modulation, the peak frequency deviation of the carrier developed by internal noise shall be not greater than 1 kHz. 

3.5.3.3. Transmit Power. - The transmitter shall have the capability of transmitting 5 watts +/- 1 dB power in Hi Power mode and 1 mill-watt  +/- 1 dB in Lo Power mode.  RF power output levels shall be attenuated by an internal RF attenuator in the range of –80 dB to 0 dB in 1:2:10 dB steps. RF attenuation will be selected by keypad entry and displayed on the Program Test Menu display. Power level will be entered during initial setup phase. The transmitter power output shall operate as specified when terminated in a 50 ohm resistive load. No damage shall occur to transmitter when terminated in an open or shorted circuit. The magnitude of all radiated signals other than the carrier frequency and harmonics shall be controlled. The second harmonic of the carrier signal shall be 50 dB or more below the carrier. The third and higher harmonics shall be 75 dB or more below the carrier. The RF output level between messages shall be -115 dBm or less measured at the antenna.  

3.5.3.3.1. Transmit-after-receive time delay.  The time required for the control station radio to turn-around from receive to within 1 dB of its rated transmit power shall be not greater than 160 microseconds and the turn-around time from transmit to rated receiver sensitivity shall be not greater than 160 microseconds.

3.5.3.3.2. Transmit keying signal displacement. Transmit keying signal displacement shall be 200 microseconds ± 10 microseconds.  The ON signal shall be generated prior to the start of the transmit frame interval.

3.5.3.4 Receive Capability. - The Test Set shall be capable of receiving and processing UHF R-MSGs in the frequency range and selectivity noted in 3.1.2.3. The receiver frequency shall be the same as the transmitter frequency.  

3.5.3.4.1. Receiver Sensitivity.  The receiver sensitivity shall be such that the input signal level at the 50 ohm impedance of the antenna feed port required to produce a (S+N)/N ratio of 20 dB shall be not greater than 4 microvolts (open circuit).
3.5.3.4.2. Selectivity. The overall selectivity, as related to peak response, of the receiver's total bandwidth-shall be within the following limitation:

6 dB down


60 dB down

70 kHz


140 kHz




minimum


maximum

3.5.3.4.3. RF Input Impedance... The impedance at the receiver RF input terminals shall be 50 ohms nominal.

3.5.3.5 Antenna Input/Output. - The antenna while in the transmit mode shall be capable of transmitting a 5 watt UHF/FSK signal generated by the Test Set. The antenna shall be normally connected to the receiver and switched to the transmitter during transmit times only. Isolation between transmitter and receiver shall be at a level that shall not damage any portion of the receiver or degrade receiver sensitivity. The antenna shall be retractable or removable when not in use. Antenna storage provision shall be provided in the test set.

3.5.3.6 Radar Environmental Compatibility. - The UHF Receiver/Transmitter shall be capable of withstanding the following high power RF pulse input to the antenna terminal without damage:




Frequency Range  
      200 to 225 MHz




Peak RF Power 

200 watts




Pulse Width 

10 microseconds




Pulse Repetition Rate
400 PPS




3.6  Test Set Sonobuoy Requirements.  If the Government chooses to accept the priced option including sonobuoy testing as part of the test set design, the test set will be required to meet the following requirements.

3.6.1  Functional Description.  The test set shall be capable of simulating, on any one of the 99 VHF channels, various types of sonobuoys including the AN/SSQ-36 Bathythermography(BT) sonobuoy, AN/SSQ-53 Directional Frequency Analysis and Recording(DIFAR) sonobuoy, AN/SSQ-57 Low Frequency Analysis and Recording(LOFAR) sonobuoy, AN/SSQ-62 Directional Command Activated Sonobuoy System(DICASS) sonobuoys, AN/SSQ-77 Vertical Line Array Directional Frequency Analysis and Recording sonobuoy, and AN/SSQ-110 Extended Echo Ranging sonobuoys.  The test set shall simulate these sonobuoys to provide Organizational level support capability for the AN/ARR-72/75/84 Radio Receiver Sets, AN/ARR-78 Advanced Sonobuoy Communications Link, AN/ASA-76 CASS Generator Transmitter Group, AN/AQS-13 Sonar Detecting Ranging Set’s UHF DICASS command functions and AN/ARN-146 & R-1047 & R-1651 On Top Position Indicator Radio Receivers.

3.6.1.2  Transmission Methods.  The sonobuoy signals shall be transmitted to or received from the systems under test by radiating antenna-to-antenna or by directly connecting to the aircraft WRA.  In the radiated test mode, the test set shall be capable of checking the operational performance of the various systems at distances of 10 to 100 feet from the aircraft.

3.6.1.3  Sonobuoy Generator Selection.  The Sonobuoy generator shall be provided and selected by means of an ON/OFF control, function selector or software menu located on the front panel and labeled as such.

3.6.1.4  VHF Transmitting Frequencies/Channels.  The test set shall transmit in the frequency range from 136.0 to 173.5 MHz on any one of the 99 channels.  The VHF channel number and frequency assignments shall be as shown in Table 3.6-1.  These channels shall be selectable by a front panel control or software menu.  Selection of a particular channel shall display the channel number and the frequency in MHz.

3.6.1.4.1  Frequency Stability.  The frequency stability of the RF output shall maintain the unmodulated carrier frequency within ( 25 KHz of the assigned channel frequency.

3.6.1.4.2  FM Deviation.  The VHF transmitter shall be capable of FM deviation up to ( 105 KHz.

3.6.1.4.3  Spurious and Harmonics.  At all frequencies the relative level of spurs, second harmonics and third harmonics shall be at least 40 dB down from the carrier frequency.

3.6.1.4.4  Output Power.  The test set shall radiate sufficient RF output from the antenna at all channels in 3.6.1.4 to verify the airborne Anti-Submarine Warfare (ASW) telemetric data transmitting and receiving systems at distances of 10 to 100 feet from the aircraft.

3.6.1.4.5  RF Output Attenuator.  The test set output power shall be adjustable in no greater than 1 dB increments from the maximum power level to –100 dbm.  The attenuation value shall be selectable from a front panel control.  

3.6.1.4.6  Output Impedance.  The output impedance of the RF signal circuit shall be 50 Ohms and shall be matched to the antenna.

Table 3.6-1. Channel Number and Frequency Assignment

	VHF CHANNEL
	VHF FREQUENCY MHz
	VHF CHANNEL
	VHF FREQUENCY MHz
	VHF CHANNEL
	VHF FREQUENCY MHz

	1
	162.250
	34
	136.750
	67
	149.125

	2
	163.000
	35
	137.125
	68
	149.500

	3
	163.750
	36
	137.500
	69
	149.875

	4
	164.500
	37
	137.875
	70
	150.250

	5
	165.250
	38
	138.250
	71
	150.625

	6
	166.000
	39
	138.625
	72
	151.000

	7
	166.750
	40
	139.000
	73
	151.375

	8
	167.500
	41
	139.375
	74
	151.750

	9
	168.250
	42
	139.750
	75
	152.125

	10
	169.000
	43
	140.125
	76
	152.500

	11
	169.750
	44
	140.500
	77
	152.875

	12
	170.500
	45
	140.875
	78
	153.250

	13
	171.250
	46
	141.250
	79
	153.625

	14
	172.000
	47
	141.625
	80
	154.000

	15
	172.750
	48
	142.000
	81
	154.375

	16
	173.500
	49
	142.375
	82
	154.750

	17
	162.625
	50
	142.750
	83
	155.125

	18
	163.375
	51
	143.125
	84
	155.500

	19
	164.125
	52
	143.500
	85
	155.875

	20
	164.875
	53
	143.875
	86
	156.250

	21
	165.625
	54
	144.250
	87
	156.625

	22
	166.375
	55
	144.625
	88
	157.000

	23
	167.125
	56
	145.000
	89
	157.375

	24
	167.875
	57
	145.375
	90
	157.750

	25
	168.625
	58
	145.750
	91
	158.125

	26
	169.375
	59
	146.125
	92
	158.500

	27
	170.125
	60
	146.500
	93
	158.875

	28
	170.875
	61
	146.875
	94
	159.250

	29
	171.625
	62
	147.250
	95
	159.625

	30
	172.375
	63
	147.625
	96
	160.000

	31
	173.125
	64
	148.000
	97
	160.375

	32
	136.000
	65
	148.375
	98
	160.750

	33
	136.375
	66
	148.750
	99
	161.125


3.6.1.4.7 VHF Transmitter Modulation.  The 99 channel carrier frequency transmitter shall be frequency modulated unless otherwise specified.  The modulation signal shall be selected from the sonobuoy simulator modulating signals listed in paragraph 3.6.2 or from the External Modulating connector located on the front panel of the test set.

3.6.1.4.8  UHF Receiver.  The Test set shall contain a UHF receiver that is capable of receiving commands in the ASA-76 Command Signal Generator (CSG) set format and the Command Function Selection (CFS) format.  These commands will be decoded and displayed by the test set with simulated uplink data provided when necessary.

3.6.1.4.8.1 UHF Frequency.  The UHF receiver shall be capable of receiving a carrier frequency of 291.4 MHz (0.005 percent that is 85 to 95 percent amplitude modulated by signals over a range of 5.0 KHz to 35.0 KHz.

3.6.2 Sonobuoy Simulator Modulating Modes.  The following signals shall capable of modulating any of the 99 VHF carrier frequency channels of the test set transmitter.  These modes shall be selected by a front panel control or software menu.

3.6.2.1  45 Hz.  This signal shall simulate a pure 45 Hz ( 4 Hz sine wave. 
3.6.2.1.1  45 Hz Signal Amplitude.  The 45 Hz signal shall have an amplitude of 6 ( 2 dBV measured at the input to the transmitter.  The amplitude value of 45 Hz signal was obtained from the AN/UKM-7 technical manual. The AN/UKM-7 test set used a monopole antenna for transmitting.  The 45 Hz signal level of the test set may vary depending on transmitter and antenna design. 
3.6.2.1.2 45 Hz S/N Level. The 45 Hz tone shall be passed through a variable attenuator, prior to the transmitter, to control the level of the 45 Hz tone.

3.6.2.2  Random Noise.  This signal shall simulate random sea noise detected by the sonobuoy. The amplitude of the random noise signal is TBD.
3.6.2.3  BT-TEMP.  This signal shall modulate the VHF carrier with a variable tone signal in the frequency band of 1360 to 2700 Hz simulating BT (bathythermograph) sonobuoy signals.  
3.6.2.3.1  BT-TEMP Signal Amplitude.  The amplitude of the BT-TEMP signal is TBD.

3.6.2.3.2  BT-TEMP Tone Level.  The BT-TEMP tone shall be passed through a variable attenuator, prior to the transmitter, to control the signal level of the BT-TEMP tone.   

3.6.2.3.3 VHF Carrier Frequency Modulation.  The VHF carrier frequency shall be frequency modulated by the temperature signal in the frequency band of 1360 to 2700 Hz.  The VHF carrier frequency deviation shall be 75, (+10, -25 KHz) (75 KHz deviation represents 100 percent modulation).  Total distortion of the modulated carrier frequency shall not be greater than 10 percent with external sinusoidal modulation.  

3.6.2.3.4  Temperature/Frequency Relationship.  The VHF carrier shall be modulated by a temperature signal whose frequency is related to the sea water temperature in accordance with the formula:

                         F = 20T + 800

Where F is expressed in Hertz and T is expressed in degrees Fahrenheit.

3.6.2.3.5  Accuracy.  The test set shall modulate the VHF carrier with a temperature signal that is within ( 20 Hz of the frequency specified in 3.6.2.3.4 for all sea water temperatures from 28( to 95( F.

3.6.2.3.6  Symmetry.  Frequency modulation of the VHF carrier shall be symmetrical within ( 20 percent, when a modulating signal with amplitude sufficient to produce ( 75 KHz peak frequency deviation is applied to the transmitter modulator.  The modulating signal shall be in the frequency range of 1360 to 2700 Hz inclusive.

3.6.2.3.7  Distortion.  The maximum total harmonic distortion at the test set VHF transmitter output shall not be greater than 30 percent with a nominal FM carrier deviation of 75 KHz and an input frequency range of 1360 to 2700 Hz.  

3.6.2.4  Simulated LOFAR Sonobuoy.  This signal shall simulate a LOFAR sonobuoy signal with a 45 Hz ( 4 Hz simulated target combined with random sea noise.  
3.6.2.4.1  LOFAR 45 Hz Signal Amplitude.  The amplitude of the LOFAR 45 Hz signal at the modulation input to the transmitter shall be –30 (3 dBV at sea state 5.0; and –44 (3 dBV at sea state 0.5.  The amplitude value of the LOFAR 45 Hz signal was obtained from AN/UKM-3 technical manual. The AN/UKM-3A test set used a monopole antenna for transmitting.  The LOFAR 45 Hz signal level of the test set may vary depending on transmitter and antenna design. 
3.6.2.4.2  LOFAR 45 Hz S/N Level. The 45 Hz portion of the LOFAR signal shall be passed through a variable attenuator, prior to the transmitter, to control the level of the 45 Hz tone.

3.6.2.4.3  LOFAR Sea State.  The LOFAR signal shall be simulated with a selectable sea state of 0.5 or 5.0.

3.6.2.4.4  VHF Carrier Modulation.  The VHF carrier shall be capable of being frequency modulated by signals in the frequency range of 5 Hz to 40 KHz.  The maximum VHF carrier frequency deviation shall not be greater than the maximum deviation level specified in Figure 3.6-1 when subjected to a voltage level 15 dB above the distortion measurement level specified in Figure 3.6-1.  
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3.6.2.4.5  Symmetry.  Frequency modulation of the VHF carrier shall be symmetrical within ( 20 percent, when modulating signal with amplitude sufficient to produce the distortion measurement level specified in Figure 3.6-1 is applied to the transmitter modulator.  The modulating frequency shall be in the frequency range of 5 Hz to 40 KHz inclusive.

3.6.2.4.6  Distortion.  The maximum total harmonic distortion at the test set VHF transmitter output for any VHF carrier frequency deviation less than or equal to 40 KHz shall be 5 percent.  For VHF carrier frequency deviation levels greater than 40 KHz and less than the distortion measurement levels specified in Figure 3.6-1 the maximum total harmonic distortion shall be 10 percent.

3.6.2.5  Simulated DIFAR Sonobuoy.  This signal shall simulate a DIFAR sonobuoy signal with a 45 Hz ( 4 Hz simulated target combined with random sea noise.  Figure 3.6-2 shows the spectrum of the composite DIFAR signal.  In this mode the test set shall also be capable of receiving, decoding, displaying the signal data and simulating return data when necessary for the Command Function Selection (CFS) communication downlink specified in 3.6.3.   
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Figure 3.6-2

The composite DIFAR signal used to frequency modulate the VHF carrier shall be composed of the following signal elements:

    a. A 45 Hz ( 4 Hz tone, which simulates the DIFAR baseband omnidirectional sonic signal.  This is normally any frequency within the 10 to 2400 Hz sonobuoy band.

    b. Broadband noise, which simulates random sea noise detected by the sonobuoy.

    c. A 7.5 KHz ( 25 Hz Frequency reference pilot signal.  The frequency pilot is a constant amplitude frequency reference signal derived from the same frequency reference source as the phase reference pilot signal described in 3.6.2.5.e.  Frequency deviation of the VHF carrier by this signal shall be (7.5 ((2.0) KHz.  The frequency and amplitude of this signal shall not vary more than 1.0 Hz/sec and 1 dB/sec, respectively

    d. Two sidebands 14.955 KHz ( 8 Hz and 15.045 KHz ( 8 Hz (Sine and Cosine channels) produced by balanced modulation of a 45 Hz tone and broadband noise onto a 15 KHz carrier.

The Cosine channel shall simulate acoustic energy received from the ocean through a dipole sonar transducer having maximum sensitivity to signals along the reference axis of the buoy.  This signal shall be in phase with respect to the omni channel for acoustic energy originating within (90o of the positive reference axis and shall be phased 180o with respect to the omni channel for acoustic energy originating at angles greater than (90o of the positive reference axis.  This signal shall double sideband suppressed carrier modulate a 15 kHz subcarrier phased to lead the phase pilot by the sum of 90 plus the clockwise angle (as viewed from above) from magnetic north to the positive reference axis of the buoy (see Figure 3.6-3).  The cosine channel subcarrier frequency shall be exactly equal to that of the phase pilot.  

The Sine channel shall simulate acoustic energy received from the ocean through a dipole sonar transducer having maximum sensitivity to signals along an axis perpendicular to the reference axis of the buoy.  This signal shall be in phase with respect to the omni channel for acoustic energy originating in the first two quadrants clockwise (as viewed from above) from the positive reference axis.  This signal shall be phased 180o with respect to the omni channel for acoustic energy originating in the first two quadrants counterclockwise (as viewed from above) from the positive reference axis.  The sine channel shall double sideband suppressed carrier modulate a 15 kHz subcarrier phased to lead the cosine channel subcarrier by 90o (see Figure 3.6-3).  The sine channel subcarrier frequency shall be exactly equal to the phase pilot.

    e. A 15 KHz ( 50 Hz phase reference pilot signal.  The phase pilot is a constant amplitude frequency reference signal from which the subcarriers for the cosine and sine channels are derived.  Frequency deviation of the VHF carrier by this signal shall be (7.5 (+3.0, -2.0) KHz.  The frequency and amplitude of this signal shall not vary more than 1.0 Hz/sec and 1 dB/sec, respectively.

Figure 3.6-3 represents a DIFAR sonobuoy hydrophone arrangement and should be used as a reference for the composite DIFAR signal description above.
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Figure 3.6-3.
Multiplexing Nomenclature Convention

3.6.2.5.1  DIFAR 45 Hz Signal Amplitude.  The amplitude of the DIFAR signal components at the modulation input to the transmitter shall be as listed in Table 3.6-2. These signal amplitude values were obtained from AN/UKM-7 and AN/UKM-3A technical manuals. These test sets use a monopole antenna for transmitting.  The signal levels of the test set may vary depending on transmitter and antenna design. 

TABLE 3.6-2  DIFAR Signal Component Levels

	SIGNAL
	SEA STATE
	SIGNAL VALUE

	45 Hz (Omni)
	5
	-29 ( 3 dBV

	
	0.5
	-44 ( 3 dBV

	Broadband Noise
	5
	TBD

	
	0.5
	TBD

	7.5 KHz ref pilot
	5
	-13.5 ( 2 dBV

	
	0.5
	-13.5 ( 2 dBV

	15KHz + 45 Hz & 15 KHz – 45 Hz sidebands (Sine and Cosine)
	5
	-20 ( 2 dBV

	
	0.5
	-34 ( 3 dBV 

	15 KHz phase ref pilot
	5
	-13.5 ( 2 dBV

	
	0.5
	-13.5 ( 2 dBV


3.6.2.5.2  DIFAR 45 Hz S/N Level.  The 45 Hz portion of the DIFAR signal shall be passed through a variable attenuator, prior to the transmitter, to control the level of the 45 Hz tone.

3.6.2.5.3  DIFAR Sea State.  The DIFAR signal shall be simulated with a selectable sea state of 0.5 or 5.0.

3.6.2.5.4  DIFAR Target Bearing.  The bearing of the simulated target shall be capable of being set to 45(, 135(, 225(, and 315( ( 1( by the operator through a bearing select control or software menu.  

3.6.2.5.5  VHF Carrier Modulation.  The VHF carrier shall be capable of being frequency modulated by the signal specified in 3.6.2.5.  The maximum VHF carrier frequency deviation shall not be greater than 105 KHz, when subjected to a voltage level 15 dB above that required to produce 75 KHz deviation.

3.6.2.5.6  VHF Channel Isolation.  Any electromagnetic signals generated by the test set outside of a 400 KHz window centered around the VHF carrier frequency shall have magnitudes not greater than –30 dBW.  Any electromagnetic signals generated by the test set outside of a 550 KHz window centered around the VHF carrier frequency shall have magnitudes not greater than –40 dBW.  This specification applies for all levels of input signals, within the bandwidth 5 to 17,400 Hz, up to and including a level 15 dB above that which is required to produce 75 KHz (inclusive of pilots) of peak VHF carrier deviation.

3.6.2.5.7  Symmetry.  Frequency modulation of the VHF carrier shall be symmetrical within ( 20 percent, when a modulation signal with amplitude sufficient to produce ( 75 KHz peak frequency deviation is applied to the transmitter modulator.  The modulating signal shall be in the frequency range of 5 to 17,400 Hz inclusive.

3.6.2.5.8  Distortion.  The maximum total harmonic distortion at the test set VHF transmitter output shall not be greater than the limits specified in Table 3.6-3.

Table 3.6-3.  DIFAR Information Channel Distortion Limits

	Information Channel
	FM Carrier Deviation (KHz)
	Input Frequency (Hz)
	Distortion (%)

	45 Hz Omni
	25
	5-2,400
	5

	15 KHz ( 45 Hz sidebands (Sine and Cosine)
	40
	5-2,400
	5


3.6.2.6  Simulated VLAD Sonobuoy.  The VLAD signal shall be the same as the DIFAR signal in 3.6.2.5 to 3.6.2.5.8.  In this mode the test set shall also be capable of receiving, decoding, displaying the signal data and simulating return data when necessary for the Command Function Selection (CFS) communication downlink specified in 3.6.3.

3.6.2.7  Simulated DICASS Sonobuoy.  In this mode the test set shall simulate a DICASS sonobuoy by receiving Command Signal Generator (CSG) commands, by UHF transmission, from an aircraft under test.  Upon receiving a valid DICASS command the test set shall generate a returned target.  The bearing of the target is set by the bearing select control and the range of the target is selected by the echo delay control.  The DICASS signal is essentially the same as the DIFAR signal with a 740 Hz heterodyned echo, replacing the steady 45 Hz tone.  In this mode the test set shall also be capable of receiving, decoding, displaying the signal data and simulating return data when necessary for the Command Function Selection (CFS) communication downlink specified in 3.6.3. 

3.6.2.7.1 UHF Frequency.  The UHF receiver shall be capable of receiving a frequency of 291.4 MHz, (0.005 percent amplitude modulated 85 to 95 percent by signals as specified in 3.6.2.7.6.

3.6.2.7.2  DICASS Sea State.  The DICASS signal shall be simulated with a sea state of 0.5.

3.6.2.7.3  DICASS Target Bearing.  The bearing of the simulated target shall be capable of being set to 45(, 135(, 225(, and 315( ( 1( by the operator through a bearing select control or software menu.

3.6.2.7.4  DICASS Echo Delay.  The DICASS echo delay shall be selectable from 3, 6, or 9 seconds to simulate three different target ranges.    

3.6.2.7.5  DICASS FM Sweep.  Upon receipt of a valid FM Sweep command, the test set will decode FM up and FM down ping commands sent by the aircraft under test and a simulated swept echo will be generated.  When in the FM mode the pulse transmission is swept (200 Hz about the sonic frequency (Table 3.6-4, Column 3). The FM pulse may be swept up in frequency (FM up) from 200 Hz below sonic frequency to 200 Hz above sonic frequency or it may be swept down in frequency (FM down) from 200 Hz above sonic frequency to 200 Hz below sonic frequency.  The pulse duration of FM pulses is 1.0 second. The bearing of the target is set by the bearing select control and the range of the target is selected by the echo delay control.

3.6.2.7.6  CSG Command Decoding.  The test set shall respond as required to each command described below.  The command sequence consists of the address signal specified in paragraph 3.6.2.7.6.2 followed by 0.0025 sec (0.005 sec of no signal followed by a command signal specified in paragraphs 3.6.2.7.6.3 through 3.6.2.7.6.6. 

     Table 3.6-4
Channels, Frequency and Address Assignments
	VHF

Channel
	VHF Freq. (MHz)
	Sonar Freq.(KHz)
	Sonar Channel
	UHF Modulation Freqs. (Address tones in KHz)

	01
	162.250
	6.5
	A
	12.7, 13.4

	02
	163.000
	7.5
	B
	12.7, 14.2

	03
	163.750
	8.5
	C
	12.7, 15.3

	04
	164.500
	9.5
	D
	12.7, 16.1

	05
	165.250
	6.5
	A
	12.7, 17.1

	06
	166.000
	7.5
	B
	12.7, 18.0

	07
	166.750
	8.5
	C
	13.4, 14.2

	08
	167.500
	9.5
	D
	13.4, 15.3

	09
	168.250
	6.5
	A
	13.4, 16.1

	10
	169.000
	7.5
	B
	13.4, 17.1

	11
	169.750
	8.5
	C
	13.4, 18.0

	12
	170.500
	9.5
	D
	14.2, 15.3

	13
	171.250
	6.5
	A
	14.2, 16.1

	14
	172.000
	7.5
	B
	14.2, 17.1

	15
	172.750
	8.5
	C
	14.2, 18.0

	16
	173.500
	9.5
	D
	15.3, 16.1

	17
	162.625
	6.5
	A
	11.8, 12.7

	18
	163.375
	7.5
	B
	11.8, 13.4

	19
	164.125
	8.5
	C
	11.8, 14.2

	20
	164.875
	9.5
	D
	11.8, 15.3

	21
	165.625
	6.5
	A
	11.8, 16.1

	22
	166.375
	7.5
	B
	11.8, 17.1

	23
	167.125
	8.5
	C
	11.8, 18.0

	24
	167.875
	9.5
	D
	11.8, 19.0

	25
	168.625
	6.5
	A
	12.7, 19.0

	26
	169.375
	7.5
	B
	13.4, 19.0

	27
	170.125
	8.5
	C
	14.2, 19.0

	28
	170.875
	9.5
	D
	15.3, 19.0

	29
	171.625
	6.5
	A
	16.1, 19.0

	30
	172.375
	7.5
	B
	17.1, 19.0

	31
	173.125
	8.5
	C
	18.0, 19.0

	32
	136.000
	9.5
	D
	15.3, 17.1

	33
	136.375
	6.5
	A
	15.3, 18.0

	34
	136.750
	7.5
	B
	16.1, 17.1

	35
	137.125
	8.5
	C
	16.1, 18.0

	36
	137.500
	9.5
	D
	17.1, 18.0

	37
	137.875
	6.5
	A
	11.8, 10.4

	38
	138.250
	7.5
	B
	12.7, 10.4

	39
	138.625
	8.5
	C
	13.4, 10.4


     Table 3.6-4.
Channels, Frequency and Address Assignments (Cont.) 
	VHF

Channel
	VHF Freq. (MHz)
	Sonar Freq.(KHz)
	Sonar Channel
	UHF Modulation Freqs. (Address tones in KHz)

	40
	139.000
	9.5
	D
	14.2, 10.4

	41
	139.375
	6.5
	A
	15.3, 10.4

	42
	139.750
	7.5
	B
	16.1, 10.4

	43
	140.125
	8.5
	C
	17.1, 10.4

	44
	140.500
	9.5
	D
	18.0, 10.4

	45
	140.875
	6.5
	A
	19.0, 10.4

	46
	141.250
	7.5
	B
	11.8, 11.1

	47
	141.625
	8.5
	C
	12.7, 11.1

	48
	142.000
	9.5
	D
	13.4, 11.1

	49
	142.375
	6.5
	A
	14.2, 11.1

	50
	142.750
	7.5
	B
	15.3, 11.1

	51
	143.125
	8.5
	C
	16.1, 11.1

	52
	143.500
	9.5
	D
	17.1, 11.1

	53
	143.875
	6.5
	A
	18.0, 11.1

	54
	144.250
	7.5
	B
	19.0, 11.1

	55
	144.625
	8.5
	C
	10.4, 11.1

	56
	145.000
	9.5
	D
	11.8, 14.7

	57
	145.375
	6.5
	A
	12.7, 14.7

	58
	145.750
	7.5
	B
	13.4, 14.7

	59
	146.125
	8.5
	C
	14.2, 14.7

	60
	146.500
	9.5
	D
	15.3, 14.7

	61
	146.875
	6.5
	A
	16.1, 14.7

	62
	147.250
	7.5
	B
	17.1, 14.7

	63
	147.625
	8.5
	C
	18.0, 14.7

	64
	148.000
	9.5
	D
	19.0, 14.7

	65
	148.375
	6.5
	A
	10.4, 14.7

	66
	148.750
	7.5
	B
	11.1, 14.7

	67
	149.125
	8.5
	C
	11.8, 16.6

	68
	149.500
	9.5
	D
	12.7, 16.6

	69
	149.875
	6.5
	A
	13.4, 16.6

	70
	150.250
	7.5
	B
	14.2, 16.6

	71
	150.625
	8.5
	C
	15.3, 16.6

	72
	151.000
	9.5
	D
	16.1, 16.6

	73
	151.375
	6.5
	A
	17.1, 16.6

	74
	151.750
	7.5
	B
	18.0, 16.6

	75
	152.125
	8.5
	C
	19.0, 16.6

	76
	152.500
	9.5
	D
	10.4, 16.6

	77
	152.875
	6.5
	A
	11.1, 16.6

	78
	153.250
	7.5
	B
	14.7, 16.6


Table 3.6-4.
Channels, Frequency and Address Assignments  (cont.)

	      VHF

Channel
	VHF Freq. (MHz)
	Sonar Freq.(KHz)
	Sonar Channel
	UHF Modulation Freqs. (Address tones in KHz)

	79
	153.625
	8.5
	C
	11.8, 18.5

	80
	154.000
	9.5
	D
	12.7, 18.5

	81
	154.375
	6.5
	A
	13.4, 18.5

	82
	154.750
	7.5
	B
	14.2, 18.5

	83
	155.125
	8.5
	C
	15.3, 18.5

	84
	155.500
	9.5
	D
	16.1, 18.5

	85
	155.875
	6.5
	A
	17.1, 18.5

	86
	156.250
	7.5
	B
	18.0, 18.5

	87
	156.625
	8.5
	C
	19.0, 18.5

	88
	157.000
	9.5
	D
	10.4, 18.5

	89
	157.375
	6.5
	A
	11.1, 18.5

	90
	157.750
	7.5
	B
	14.7, 18.5

	91
	158.125
	8.5
	C
	16.6, 18.5

	92
	158.500
	9.5
	D
	11.8, 19.7

	93
	158.875
	6.5
	A
	12.7, 19.7

	94
	159.250
	7.5
	B
	13.4, 19.7

	95
	159.625
	8.5
	C
	14.2, 19.7

	96
	160.000
	9.5
	D
	15.3, 19.7

	97
	160.375
	6.5
	A
	16.1, 19.7

	98
	160.750
	7.5
	B
	17.1, 19.7

	99
	161.125
	8.5
	C
	18.0, 19.7


3.6.2.7.6.1  Decoding Selectivity.  The test set shall respond to the desired command function only upon receipt of the appropriate two-tone address code followed by the command signal specified below.  The test set shall not respond to commands initiated more than 1.5 seconds following the transmission of the address tones.

3.6.2.7.6.2  Address Signal.  The address signal simultaneously modulates the UHF carrier with the two frequencies given in Table 3.6-4, Column 5.  These two tones have a frequency tolerance of (0.05 percent and a period of 250 (25 msec.

3.6.2.7.6.3  Scuttlinq Command Signal.  The scuttling command signal shall be 1 (0.01 second duration and at a frequency of 21 kHz (0.05 percent.  Upon receipt of a valid Scuttle command the test set shall display the proper VHF Channel number from Table 3.6-4, Column 1 as “Channel=##” and the text “SCUTTLE” in the test set display.
3.6.2.7.6.4  Deep Depth Command Signal.  The deep depth command signal is 1.00 (0.01 sec duration at a frequency of 27 KHz (0.05 percent.  Upon receipt of a valid Deep Depth command the test set shall display the proper VHF Channel number from Table 3.6-4, Column 1 as “Channel=##” and the text “Deep Depth” in the test set display.  

3.6.2.7.6.5  Intermediate Depth Command Signal.  The intermediate depth command signal is 1.00 (0.01 sec duration at a frequency of of 33 KHz (0.05 percent.  Upon receipt of a valid Intermediate Depth command the test set shall display the proper VHF Channel number from Table 3.6-4, Column 1 as “Channel=##” and the text “Intermediate Depth” in the test set display.

3.6.2.7.6.6  Sonar Command Signal.  The sonar command is a continuous wave (CW) signal of 0.1, 0.5 or 1.0 second duration, or a (200 Hz linear swept frequency modulated (FM) signal of 1 second duration centered at 6.5 KHz (sonic channel A), 7.5 KHz (sonic channel B), 8.5 KHz (sonic channel C) or 9.5 KHz (sonic channel D) as specified in Table 3.6-4, Column 3 and 4.  The maximum duration of this signal is 1.0 second and the repetition rate is limited to maintain the duty cycle at 10 percent or less.  Upon receipt of a valid sonar command signal the test shall respond with an appropriate simulated target echo, decode the information from the incoming Sonar Command signal and display the following in the test set display:

a. The proper VHF channel as “Channel=##”

b. The proper Sonic Channel as “Sonic A, B, C or D”

c. For the CW signals

    1. 0.1 sec duration, display text “PING SHORT”

    2. 0.5 sec duration, display text “PING MEDIUM”

    3. 1.0 sec duration, display text “PING LONG”

d. For the FM Sweep signals

    1. Sweeps from 200 Hz below sonar frequency to 200 Hz above sonar           

       frequency, display text “FM UP”

    2. Sweeps from 200 Hz above sonar frequency to 200 Hz below sonar           

       frequency, display text “FM DOWN”

3.6.2.7.6.7  Invalid Commands.  Upon receiving a CSG signal with a proper address signal from Table 3.6-4 Column 5 and a command signal that does not match the signal parameters of paragraphs 3.6.2.7.6.2 through 3.6.2.7.6.6, the test set shall display the text “INVALID COMMAND” in the test set display.

3.6.2.7.6.8  Invalid Address.  Upon receiving a CSG signal with an address signal that is not listed Table 3.6-4 Column 5 and a command signal matching the signal parameters of paragraphs 3.6.2.7.6.2 through 3.6.2.7.6.6, the test set shall display the text “INVALID ADDRESS” in the test set display.    

3.6.2.8  Simulated Extended Echo Ranging (EER) Sonobuoy.  In this mode the test set shall simulate an Extended Echo Ranging sonobuoy by receiving Command Signal Generator (CSG) commands, by UHF transmission, from an aircraft under test.  In response to a receive command the test set shall relay, by VHF transmission, a confirmation tone.  In this mode the test set shall also be capable of receiving, decoding, displaying the signal data and simulating return data when necessary for the Command Function Selection (CFS) communication downlink specified in 3.6.3.

3.6.2.8.1 VHF Frequency. The VHF transmitter shall operate at frequencies of 169.750 MHz, 164.875 MHz, or 172.375 MHz and shall be assigned to the UHF channels as specified in Table 3.6-5. The VHF transmitter carrier frequency shall be within (25 KHz of the assigned channel frequency.

Table 3.6-5.  Extended Echo Ranging Channel Number, VHF, and Address Frequency Assignments

	Sonobuoy Channel No.

(UHF/VHF)
	UHF Address Frequencies (KHz)
	VHF Frequencies (MHz)

	1/11
	12.7    13.4
	169.750

	2/11
	12.7    14.2
	169.750

	3/11
	12.7    15.3
	169.750

	4/11
	12.7    16.1
	169.750

	5/11
	12.7    17.1
	169.750

	6/11
	12.7    18.0
	169.750

	7/11
	13.4    14.2
	169.750

	8/11
	13.4    15.3
	169.750

	9/11
	13.4    16.1
	169.750

	10/11
	13.4    17.1
	169.750

	11/20
	13.4    18.0
	164.875

	12/20
	14.2    15.3
	164.875

	13/20
	14.2    16.1
	164.875

	14/20
	14.2    17.1
	164.875

	15/20
	14.2    18.0
	164.875

	16/20
	15.3    16.1
	164.875

	17/20
	11.8    12.7
	164.875

	18/20
	11.8    13.4
	164.875

	19/20
	11.8    14.2
	164.875

	20/20
	11.8    15.3
	164.875

	21/30
	11.8    16.1
	172.375

	22/30
	11.8    17.1
	172.375

	23/30
	11.8    18.0
	172.375

	24/30
	19.0    11.8
	172.375

	25/30
	19.0    12.7
	172.375

	26/30
	19.0    13.4
	172.375

	27/30
	19.0    14.2
	172.375

	28/30
	19.0    15.3
	172.375

	29/30
	19.0    16.1
	172.375

	30/30
	19.0    17.1
	172.375

	31/30
	19.0    18.0
	172.375


3.6.2.8.2 UHF Frequency.  The UHF receiver shall be capable of receiving a frequency of 291.4 MHz, (0.005 percent amplitude modulated 85 to 95 percent by signals as specified in 3.6.2.8.3.

3.6.2.8.3 CSG Commands.  The command signals shall consist of the simultaneous modulation of the UHF carrier by a pretuned two tone address code with a duration of 250 (25 msec and frequencies as specified in 3.6.2.8.3.1 followed after 2.5 (0.5 msec by a command as specified in 3.6.2.8.3.2 to 3.6.2.8.3.4.  The test set shall not respond to commands initiated more than 1.5 seconds following the transmission of the address tones.

3.6.2.8.3.1 UHF Address Tones.  The address tones consist of the two frequencies given in Table 3.6-5.  These tones have tolerances of (0.05

percent.

3.6.2.8.3.2 Payload 1 Release Tone.  The payload 1 release tone shall

be 1 (0.01 second duration and at a frequency of 33 kHz (0.05 percent.  Upon receipt of a valid Payload 1 Release command the test set shall display the proper VHF Channel number from Table 3.6-5, Column 1 as “Channel=##” and the text “PAYLOAD 1 RELEASE” in the test set display.

3.6.2.8.3.3 Payload 2 Release Tone.  The payload 2 release tone shall

be 1 (0.01 second duration and at a frequency of 27 kHz (0.05 percent.  Upon receipt of a valid Payload 2 Release command the test set shall display the proper VHF Channel number from Table 3.6-5, Column 1 as “Channel=##” and the text “PAYLOAD 2 RELEASE” in the test set display.

3.6.2.8.3.4 Scuttlinq Command Signal.   The scuttling command signal shall be 1 (0.01 second duration and at a frequency of 21 kHz (0.05 percent.  Upon receipt of a valid Scuttle command the test set shall display the proper VHF Channel number from Table 3.6-5, Column 1 as “Channel=##” and the text “SCUTTLE” in the test set display.

3.6.2.8.3.5 Command Confirmation Signal.  Within 2 seconds after receipt of the entire command, the test set shall commence unmodulated VHF transmission ,for 5 +5 –0 seconds as a confirmation of receiving the command.

3.6.2.8.3.6  Invalid Commands.  Upon receiving a CSG signal with a proper address signal from Table 3.6-5 Column 2 and a command signal that does not match the signal parameters of paragraphs 3.6.2.8.3.2 through 3.6.2.8.3.4, the test set shall display the text “INVALID COMMAND” in the test set display.

3.6.2.8.3.7  Invalid Address.  Upon receiving a CSG signal with an address signal that is not listed Table 3.6-5 Column 2 and a command signal matching the signal parameters of paragraphs 3.6.2.8.3.2 through 3.6.2.8.3.4, the test set shall display the text “INVALID ADDRESS” in the test set display
3.6.3  Command Function Selection.  The test set shall be capable of receiving, decoding, displaying the signal data and simulating return data when necessary for the Command Function Selection (CFS) communication downlink.  The test set shall meet the Sonobuoy Command Function Selection System requirements (excluding Antenna Pattern and Receiver sensitivity) of Appendix E for the Production Sonobuoy Specification (PSS) for Bathythermograph Transmitting Set AN/SSQ-36B and Sonobuoys AN/SSQ-53F, 62E, 77C, and 101.  The PSS and Appendix E have the following restriction placed on their distribution:  DISTRIBUTION STATEMENT C.  Distribution authorized to US. Government agencies and those contractors listed on the Industrial Base Program Plan (30 January 1996).  Other requests for this document should be referred to Program Executive Officer (PMA-264) Air ASW, Assault, and Special Missions Programs, 47123 Buse Road, Unit # IPT, Patuxent River, MD  20670-1547.

3.6.4  Controls.  The following controls shall be provided and labeled on the front panel of the test set.  These controls can be in the form of switches, dials, keypads or software menus.

3.6.4.1  Sonobuoy Simulator Selection.  The sonobuoy simulator function of the test set shall be provided and selected by means of an ON/OFF control, function selector or software menu.

3.6.4.2  VHF Transmitter Channel.  The VHF transmitter channel shall be selectable from channel 1 to 99.  Selection of a channel shall display the channel number and the channel frequency in MHz.

3.6.4.3  Modulation Source.  The MOD Source control shall select the type of modulation applied to VHF transmitter.  The modulation selections shall correspond to the sonobuoy simulator modulating modes in 3.6.2 and shall be labeled as; 

  a. 45 Hz

  b. Random Noise

  c. BT-TEMP

  d. LOFAR

  e. DIFAR/VLAD

  f. DICASS
  g. EXT ECHO Range

3.6.4.4  INTERNAL/EXTERNAL Modulation.  The INT/EXT MOD control shall determine the source of modulation for the VHF transmitter.  In the INT position, the modulation for the VHF transmitter is determined by the position of the Modulation Source control.  In the EXT position the VHF transmitter is externally modulated through the EXT MOD connector.

3.6.4.5  BT-TEMP.  This control is only active when the modulation source control is set to BT-TEMP.  This control sets the temperature being sent by the simulated BT sonobuoy from 28( to 95( F in one degree increments. .
3.6.4.6  Sea State.  This control shall select a sea state of 0.5 or 5.0 for all sonobuoy simulations except 45 Hz and BT-Temp.  The sea state level affects the levels of the signals on the omni, sine and cosine channels as well as the level of the simulated sea noise for LOFAR, DIFAR, DICASS and Random Noise simulations.

3.6.4.7  DB-SN(1 Hz BW).  The DB-SN control shall vary the signal to noise ratio of the 45 Hz signal in the 45 Hz, LOFAR and DIFAR modes.  This control shall also control the signal level of the BT-Temp tone.  The control shall vary the signal to noise ratio from +12 to –30 dB in 3 dB increments. In addition the control shall provide an infinity position (-() where there is no information signal and all noise.

3.6.4.8  Bearing.  This control shall allow simulated target bearings of 45(, 135(, 225( and 315( to be set in the DIFAR and DICASS modes.

3.6.4.9  Echo Delay (Sec).  This control shall select the time delay between the trigger and the simulated echo in the DICASS and FM Sweep modes.  The control shall allow the selection of a 3.0, 6.0 or 9.0 second echo delay for tones generated in DICASS or FM Sweep modes.

3.6.4.10  DICASS Trigger.  Activation of this control serves as a trigger for the DICASS sonobuoy/FM Sweep simulations, initiating the generation of the DICASS Echo/FM Sweep tones.

3.6.4.11  Reset.  Activation of the Reset control shall clear the Alpha/Numeric Display.

3.6.4.12  Headset Select.  The headset select control shall determine the audio input to the headset.  In the MOD Source position, any one of the signals selected by the Modulation Source control of 3.6.4.3 will be routed to the headset.  In the DICASS RCVR position, audio input from the test set UHF receiver is sent to the headset.

3.6.4.13  Volume.  The volume control shall regulate the volume of the headset signal.

3.6.4.14  Carrier Detection Indicator.  The test set shall indicate on the front panel by means of an indicator light or display message when there is a 291.4 MHz carrier present at the terminals of the UHF receiver input.  This indicator shall be active for a carrier level of –37dBm (5dB or greater at the antenna terminal.

3.6.4.15  Modulation Detection Indicator.  The test set shall indicate on the front panel by means of an indicator light or display message when there is modulation present on the 291.4 MHz carrier at the terminals of the UHF receiver input.

3.6.5  Connectors.  The following connectors shall be supplied on the front panel of the test set.  Each connector shall be clearly labeled with its function.    

3.6.5.1  External Modulation Connector.  The Ext Mod connector shall interface with the VHF transmitter when the INT/EXT MOD control is in the external position.  The connector shall be a stainless steel, chassis mounting, BNC jack type connector with a 50 Ohm impedance.

3.6.5.2  Headset Connector.  The test set shall have a connector interface to allow for the connection of a headset.  The test set headset connector shall be mechanically and electrically compatible with the Headset main connector specified in MIL-H-83511 General Specification for Headset-Microphone and Headset electrical.  The test set headset connector shall be protected by a protective cap or dummy plug when no headset is connected.  The protective cap or dummy plug shall be secured to the test set with a lanyard.

3.6.5.3  Antenna Connector.  If the test set antennas are detachable, the connectors shall be stainless steel, chassis mounting types with 50 Ohm impedance.  Separate connectors for the VHF and UHF bands are allowable and shall be labeled with the appropriate frequency band.         

3.6.6  Antennas.  Antennas shall be provided and shall be capable of radiating and receiving the VHF and UHF frequencies listed in this specification when they are modulated as described in this specification.  The antennas can be integrated into the test set, collapsible into the test set or detachable.  The surface-mounted connector or remaining protrusion of the collapsed antenna shall not extend over 0.25 inches from the test set.  If the antenna must be longer than 12 inches, it shall be telescoping.  Separate VHF and UHF antennas are allowable.  If detachable, the antennas shall be mechanically and electrically compatible with the connectors in 3.6.5.3.

3.6.7 Accessories.  All accessories (RF cables, attenuators, adaptors)

required for direct connect or radiated measurements shall be supplied and stored within the test set case.

3.7 VSWR Measurement. The test set shall be capable of performing in-line VSWR measurements over the range of 1:1 to 5.0:1 with an accuracy of + 0.5 dB over the range of 2 MHz to 450 MHz. 
3.8 Growth/Expandability.  The test set shall provide for hardware and software growth to support Intermediate level testing of the AN/ARC-182 AM/FM VHF/UHF radio directly connected to the receiver-transmitter WRA RF connector and the test set’s potential or provisions for Organizational level testing of radios in radiated testing antenna-to-antenna and testing via an antenna coupler.  The test set shall be upgradeable to test UHF AM/FM PSK LOS IAW MIL-STD-188-243 in the 225-400 MHz band, VHF FM IAW MIL-STD-188-242 in the 30-88 MHz band, VHF AM ATC IAW RTCA DO-186A & AIRINC-716 in the 118-137 MHz band, VHF FM LMR IAW APCO 25 Common Air Interface in the 136-174 MHz band,  JTC3A 9001C in the 30-88 MHz band, and HAVEQUICK I/II (UHF AM/FM/PSK) IAW JIEO 9120A in the 225-400 MHz band.  The test set shall upgradeable to test normal and secure voice (via an external KY-57/58), ADF, 150 & 1020 Hz squelch tone, guard receivers at 121.5 & 243MHz, DICASS/CASS command link & OTPI, and UHF LINK-11 (IAW MIL-STD-188-203-1A, STANAG 5511, & MIL-STD-6011) used to test relay functions in the band 225-400 MHz.  For Intermediate level testing of the AN/ARC-182 radio Receiver-Transmitter, the test set shall be upgradable to support testing of transmitter frequency, peak power output, receiver sensitivity, receiver selectivity, modulation index, frequency deviation, receiver audio, squelch, distortion, internal noise, X-Mode, automatic relay, guard precedence, side tone, desense, wideband receive audio, and secure voice for Intermediate level testing of Receiver-Transmitter WRAs (with GPETE & separately provided ancillary equipment powering and controlling the Unit Under Test).

4. VERIFICATION

4.1 Responsibility for Inspection. – Unless otherwise specified in the contract or purchase order, the supplier is responsible for the performance of all inspection requirements as specified herein. Except as otherwise specified, the supplier may utilize his own facilities or any commercial laboratory acceptable to the Government. The Government shall reserve the right to perform any inspections deemed necessary to assure conformance to the contract.

4.2 Classification of Tests. – Items covered by this specification shall be subjected to all qualification tests required by the contract and the Statement of Work.

5. PACKAGING

5.1 Packaging Requirements. -  Packaging requirements will be as specified in the contract and ILS Statement of Work.

6. NOTES

6.1 Intended Use. – The Test Set covered by this specification shall be a lightweight, user friendly, portable unit, used by O-Level personnel.
6.2 Acronym Listing. 

A/C

Aircraft

AC

Alternating Current

ACLS

Automatic Carrier Landing Systems

A/J

Anti-Jam

BIT

Built-In-Test

BT

Bathythermograph

BW

Band Width

CFS

Command Function Selection

CSG

Command Signal Generator

dB

Decibel as a ratio between 2 signals

dBm

Decibel as signal strength related to 1 milliwatt (dB milliwatt) 

DB-SN

Decibel Signal-to-Noise Raio

DDM

Differential Depth Modulation

D/L

Data Link

EER

Extended Echo Ranging

EMI

Electro-Magnetic Interference

FSK

Frequency Shift Keying

KB

Kilo-Bytes

kHz

Kilohertz

MHz

Megahertz

Msec

Milli-seconds

MSG

Message

NRZ

Non-Return to Zero

O-Level
Organizational Level (On Aircraft) Maintenance

RF

Radio Frequency

RT

Receiver-Transmitter

TADIL

Tactical Digital Information Link

UHF

Ultra High Frequency

UTM

Universal Test Message

V

Volts

VAC

Volts Alternating Current

VSWR

Voltage Standing Wave Ratio
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Figure 3.6-1. VHF Carrier Frequency Deviation vs. Input Frequency
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