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1.0
SCOPE

The Space-Based Telemetry and Range Safety  (STARS) program seeks to provide alternate range services in order to reduce operational cost of ground based assets.  The first objective is to provide a reliable communications link for 2nd generation reusable launch vehicles utilizing current state-of-the-art satellite technologies.  A second objective is to provide over-the-horizon communications capability for long duration Unmanned Airborne Vehicles (UAVs) and future generations of hypersonic vehicles.

In support of these long-range objectives, the STARS program will demonstrate a high data rate satellite link from a high-dynamic airborne platform using the NASA Tracking and Data Relay Satellite (TDRS) System.

This specification establishes the performance, design, development, and test requirements for the STARS System Ku-band Phased Array Antenna, a portion of the demonstration system, referred to in this document as the Antenna.  This specification is for the demonstration Antenna, not the ultimate operational Antenna.

A range of performance is shown for some specifications.  Threshold requirements reflect a minimum acceptable performance specification.  Desired requirements reflect a higher level of desirable performance.

2.0
APPLICABLE DOCUMENTS

2.1
Government Documents

(a) MIL-STD-1472F, DOD Design Criteria Standard, Human Engineering,                   23 August, 1999

(b) MIL-HDBK-454, DOD Handbook, General Guidelines for Electronic Equipment,     3 November, 2000

(c) 29CFR1910 Occupational Safety and Health Standards

(d) DFRC Process Specification 21-2, Environmental Testing Electronic and Electromechanical Equipment, 4/25/89

(e) MIL-STD-704D, Aircraft Electrical Power Characteristics

2.2
Non-Government Documents

(a) ANSI X3.16-1976, American National Standard, Character Structure and Character Parity Sense for Serial-by-Bit Data Communication in the American National Standard Code for Information Interchange

(b) TIA/EIA-422, Revision B, Electrical Characteristics of Balanced Voltage Digital Interface Circuits, 27 Jan 00

(c) RTC/DO- 160D Environmental Conditions and Test Procedures For Airborne Equipment, RTCA, Inc., 1140 Connecticut Avenue, NW, Suite 1020,Washington, DC 20036-4001 
(d) ARINC Characteristics 761-1, Second Generation Aviation Satellite Communication System, Aircraft Installation Provisions, January 15, 1999 

(e) ARINC Specification  404A , Air Transport Equipment Cases And Racking, March 15, 1974

3.0
REQUIREMENTS

3.1 Critical Item Definition

3.1.1
General Description

The Antenna, shown in Figure 3.1.1-1, is a Ku-band (15 GHz) transmit-only Antenna that is mounted on the fuselage of a NASA test aircraft.  As shown in the figure, the Antenna consists of the exterior aircraft mounted components, and an (optional) control and interface component located on the interior of the aircraft.  The optional control and interface component may be an integral part a single package, necessitating a fuselage cutout for mounting, as shown in Figure 3.1.1-1 Configuration B.  Alternatively, the optional control and interface package may be located remotely from the exterior Antenna component as shown in Figure 3.1.1-1 Configuration C.  The requirements contained in this specification accommodate any configuration.  Configuration A is the preferred configuration.
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Figure 3.1.1-1
 Possible Antenna Configurations

3.1.1.1  Options

Addressing a combination of Option 1 and Option 2 requirements is not acceptable.  The antenna pattern requirements for both options would be equivalent.


3.1.1.1.1  Implementation Option 1

The option 1 implementation of the “passive” phased array antenna would consist of an antenna, which is fed a high power RF input signal.  This eliminates the requirements for power amplification within the array.  The DC power feed to this type of array would only be utilized for directional control only.

3.1.1.1.2  Implementation Option 2

The option 2 implementation of an “active” phased array antenna would include power amplifiers within the antenna and eliminate the need for high RF input power.  However, the DC power required by this type of antenna would be much higher due to the internal power amplification. 

3.1.2
External Interfaces

External interfaces consist of an RF input, DC Power Input, and control input.

3.1.2.1
RF Input

3.1.2.1.1
RF Input Power Level

Option 1:  The Antenna shall operate and satisfy all specification requirements with an RF input level of 15 Watts (11.76 dBW).

Option 2:  The Antenna shall operate and satisfy all specification requirements with an RF input level of 1 Watts (0 dBW).

3.1.2.1.2
RF Input VSWR

The Antenna’s Voltage Standing Wave Ratio (VSWR), as measured at the RF input reference, shall be less than 1.5 : 1 over frequency range of operation specified in 3.2.1.3.

3.1.2.1.3
RF Input Impedance

The RF input impedance shall be a nominal 50 ohms.

3.1.2.1.4
RF Input Connector

The RF Input connector type shall be SMA(F).

3.1.2.2
DC Power

3.1.2.2.1
Input Voltage

The Antenna shall operate and satisfy all specification requirements with a MIL-STD-704D power input of 28 +/- 4VDC.

3.1.2.2.2
Power Consumption

Option 1:  The maximum power consumption shall be less than 5 Watts (Desired) 20 Watts (Threshold).

Option 2:  The maximum power consumption shall be less than 100 Watts (Desired) 150 Watts (Threshold).

3.1.2.2.3
DC Power Connector

The DC Power connector type shall be MS27473(P) type or equivalent.

3.1.2.3
Control Interface

3.1.2.3.1
Control Interface Physical Characteristics

3.1.2.3.1.1 
Control Interface Description

The Antenna control interface shall be a serial RS 422 interface.

3.1.2.3.1.2 
Control Interface Connector

The Antenna control interface connector shall be MS27473(P) type or equivalent.

3.1.2.3.2 
Control Interface Protocol

The Control Interface shall use the ANSI X3.16, 8-bit environment, asynchronous software protocol (1 start bit, 8 data bits, no parity, 1 stop bit), with a bit rate of 38.4 kbps.

3.1.2.3.2.1
 Data Format

The Antenna shall accept a data format consisting of BCD encoded Azimuth (AZ) and Elevation (EL) pointing angles and control information, as shown in Figure 3.1.2.3.2-1.  Each 8 byte packet consists of a Start Byte, 3 bytes AZ pointing data, 2.5 bytes (28 bits) EL pointing data, and .5 bytes (4 bits) control information, and a 1 byte checksum character. 

Byte 0, the start bye, is the first transmitted byte.  The least significant bit of each byte will be transmitted first.

3.1.2.3.2.1.1
 Start Byte

The Antenna shall detect the 7E H start byte of each control data packet.

3.1.2.3.2.2
Pointing Information

The Antenna shall accept BCD encoded AZ/EL pointing angles, as described in this paragraph.

The BCD format is 8-4-2-1, with 1 occupying the least significant bit of the nibble (4 bit group).  Azimuth is between 0.000 and 359.999 degrees.  Elevation is between 0.000 and 90.000 degrees.

AZ and EL pointing angles are in reference to a boresight pointing angle and Antenna position.

3.1.2.3.2.3
 Control Information

The Antenna shall accept and process the control information shown in Table 3.1.2.3.2.3-1.
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Figure 3.1.2.3.2-1    Control Interface Data Format

           Table 3.1.2.3.2.3    Antenna Control Information

	Field Data
	Command

	0000
	Not Used for Demonstration Antenna

	0001
	Set RF OFF (RF remains off until commanded on)

	0010
	Set RF On (RF remains on until commanded off)

	0011
	Accept pointing angle (move Antenna only when valid pointing angles received with this command).

	0100
	Not Used for Demonstration Antenna

	0101
	Not Used for Demonstration Antenna

	0110
	Not Used for Demonstration Antenna

	0111
	Not Used for Demonstration Antenna

	1000
	Not Used for Demonstration Antenna

	1001
	Not Used for Demonstration Antenna

	1010
	Not Used for Demonstration Antenna

	1011
	Not Used for Demonstration Antenna

	1100
	Not Used for Demonstration Antenna

	1101
	Not Used for Demonstration Antenna

	1110
	Not Used for Demonstration Antenna

	1111
	Not Used for Demonstration Antenna


3.1.2.3.2.4
 Checksum

The Antenna shall accept only data packets with a correct modulo-2 checksum (sum of Bytes 0 through 6, with no carry).

3.2
Characteristics

3.2.1
Performance Characteristics

3.2.1.1
Antenna Transmit and Receive Capabilities

The Antenna shall be a transmit-only unit.  Receive operation is not a requirement.

3.2.1.2
Number of Beams

The Antenna shall be a single beam unit.

3.2.1.2.1  MAINLOBE BEAMWIDTH

The Antenna shall have a minimum 3 dB beamwidth of 8.0 degrees (Desired), 6.0 degrees (Threshold).

3.2.1.2.1.1  PEAK Gain

Option 1: the minimum main beam gain shall be 24 dBi.  

Option 2: the minimum main beam gain shall be 36 dBi.

3.2.1.3
Frequency of Operation

The Antenna shall be capable of operation over 14 to 15.5 GHz (Desired), 14.85 to 15.15 GHz (Threshold).

3.2.1.4
Instantaneous Bandwidth

The Antenna’s minimum instantaneous 3 dB bandwidth of operation shall be greater than ± 250 MHz (Desired), ±50 MHz (Threshold) from the selected nominal operating frequency.

3.2.1.5
Effective Isotropic Radiated Power (EIRP)

The Antenna’s peak EIRP shall be greater than 36 dBW relative to a perfectly circularly polarized isotropic radiating source of the equivalent sense.

3.2.1.6
Polarization

3.2.1.6.1
Polarization Type

The Antenna polarization shall be selectable LHCP or RHCP (Desired) or LHCP only (Threshold).

3.2.1.6.2
Axial Ratio

The Antenna axial ratio shall be 2 dB or less (Desired), 3 dB or less (Threshold).

3.2.1.7
Scan Angle

The Antenna shall satisfy all requirements of this specification over a conical scan angle of ±60 (Desired) ±50 (Threshold) around boresight.

3.2.1.8
Sidelobe Level

All sidelobe levels shall be at least 20 dB (Desired), 12 dB (Threshold) lower than the main Antenna beam.

3.2.1.9
Pointing Command Update Rate

The Antenna shall respond to pointing commands at an update rate of 100 updates per second (10 ms update interval).

3.2.1.10
Pointing Command Response Time

The Antenna shall respond to pointing updates within 1 ms after receipt of a pointing command update.

3.2.1.11
Pointing Accuracy

The Antenna shall point with an error of less than 0.25 degrees radial 

(   [AZerr2 + ELerr2] 1/2 ) (Desired), 0.5 degrees radial (   [AZerr2 + ELerr2] 1/2 ) (Threshold).

3.2.1.12
Continuous Communication

The Antenna shall be capable of continuous communications during Antenna beam steering.

3.2.1.13 
Transmitted Signal Quality

The Antenna shall be able to transmit Binary Phase Shift Keying (BPSK) or Quadra-phase Shift Keying (QPSK) between the rates of 1 kilo symbols per second to 350 mega symbols per second (Desired), 10 mega symbols per second (Threshold) with less than 0.5 dB degradation due to Antenna generated signal distortion.

3.2.2
Physical Characteristics

3.2.2.1 
Antenna Exterior Component Physical Characteristics

“Exterior Component” refers only to the portion of Antenna outside the aircraft fuselage and includes the shielding radome, if required.  Refer to Figure 3.1.1-1 for a pictorial view.

3.2.2.1.1 
Exterior Component Area (footprint)

The Antenna’s exterior component area (footprint) shall not exceed 50 in2 (Desired),   340 in2 (Threshold).

3.2.2.1.2 
Exterior Component Height

The Antenna’s exterior component height shall not exceed 1 inch (Desired), 3 inches (Threshold).

3.2.2.1.4 
Exterior Component Volume

The Antenna’s exterior component volume shall not exceed 50 in3 (Desired), 400 in3 (Threshold).

3.2.2.2 
Antenna Interior Component Physical Characteristics

“Interior Component” refers only to the portion of Antenna inside the aircraft.  The requirement addresses:  

a) components that are separate from the exterior component and attached via cables (Figure 3.1.1-1, Configuration C), and/or, 

b) 
if the implementation consists of a single integrated Antenna package, the portion of the Antenna located inside the aircraft (Figure 3.1.1-1, Configuration B).  

3.2.2.2.1 
Interior Component HEIGHT

The Antenna’s interior component height shall not exceed 0 in (Desired) excluding feed through connectors, 3 in (Threshold).

3.2.2.2.2 
Interior Component Volume

The Antenna’s interior component volume shall not exceed 0 in3 (Desired) excluding feed through connectors, 1000 in3 (Threshold).

3.2.2.2.3 
Interior Component Shape Factor

The Antenna’s interior components shall use standard ATR packaging as defined by ARINC 404A, except when included in a combined (single package) Antenna unit.

3.2.2.3 
Antenna Weight

The Antenna weight shall be in conformance with either line 1, 2 or 3 of Table 3.2.2.3-1, depending on the developer’s implementation design.

Table 3.2.2.3-1 Antenna Weight Requirements
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3.2.2.4 
Aircraft Mounting Characteristics

The antenna shall include mounting provisions that ensure secure attachment to the aircraft at static loads of 9G’s.

3.2.3
Reliability

The Antenna shall be designed for a Mean Time Between Failure (MTBF) of greater than 16,000 hours.

3.2.4
Maintainability

The Antenna shall be designed for a Mean Time To Repair (MTTR) of less than 1 hour.

3.2.5
Environmental Conditions

The Antenna will be part of the STARS feasibility demonstration, and as such must meet the environmental conditions to be encountered during the flight demonstration, as described in the following paragraphs. 

Refer to Document RTCS/DO-160D, Environmental Conditions and Test Procedures for Airborne Equipment, for additional information. 

Refer to DFRC Process Specification 21-2, Environmental Testing Electronic and Electromechanical Equipment, for additional information.

The specifications apply to the packaged Antenna equipment; ie, within the radome, if used.

3.2.5.1
Temperature and Temperature Variability

3.2.5.1.1 EXTERIOR COMPONENTS

3.2.5.1.1.1
EXTERIOR SURFACE TEMPERATURE

The Antenna equipment shall meet all performance specifications during flight when exposed to continuous surface temperatures of –65 degrees (DFRC 21-2) to +150 degrees C (+180 degrees C for periods of 5 minutes or less).

3.2.5.1.2
INTERIOR COMPONENTS

3.2.5.1.2.1
Operating Temperature

The Antenna equipment shall meet all performance specifications over the range of -55( to +71( C (DO-160D Category E1). 

3.2.5.1.2.2
Survivability (non-operable) Temperature

The Antenna equipment shall survive without permanent damage over the range of -55( to +85( C (DO-160D Category E1). 

3.2.5.1.3
Temperature Variability

The Antenna equipment shall meet all performance specifications over the range of -55( to +71( C while undergoing a temperature variation of 10( C per minute (DO-160D Category A). 

3.2.5.2
Altitude

The Antenna equipment shall meet all performance specifications to an absolute pressure of 44.4 mbar (DO-160D Category E1).

3.2.5.3
Humidity

N/A for demonstration configuration.

3.2.5.4
Operational Shock

The Antenna equipment shall meet all performance specifications when subject to a low frequency 20 ms shock pulse (DO-160D Category D).  A requirement for crash safety is not part of this specification.

3.2.5.5
Vibration

The Antenna equipment shall meet all performance specifications when subject to vibrations per DFRC 21-2, Category II, Curve B. 

3.2.5.6
Waterproofness

The Antenna equipment shall allow no ingress of water when subject to a continuous water stream per DO-160D Category S.

3.2.5.7
Fluids Susceptibility

N/A for demonstration configuration.

3.2.5.8
Sand and Dust

The Antenna shall resist the effects of blowing sand and dust when carried by moderate winds, per DO-160D Category D.

3.2.5.9
Fungus Resistance

N/A for demonstration configuration.

3.2.5.10
Salt Spray

N/A for demonstration configuration.

3.2.5.11
Icing

N/A for demonstration configuration.   
3.2.6
Transportability

The Antenna shall be transportable by standard commercial air carrier.

3.3
Design and Construction

The Antenna shall be built to best commercial practices.

3.3.1
Materials, Processes, and Parts

N/A for demonstration configuration.   

3.3.2
Electromagnetic Radiation

3.3.2.1
Magnetic Effect

N/A for demonstration configuration.

3.3.2.3
Voltage Spike

N/A for demonstration configuration.

3.3.2.4
Audio Frequency Conducted Susceptibility

The Antenna equipment shall meet all performance specifications when subject to the audio frequency environment defined by DO-160D Category B.

3.3.2.5
Induced Signal Susceptibility

The Antenna shall accept a level of induced voltages caused by the installation environment, as defined by DO-160D Category A.

3.3.2.6
Radiated and Conducted RF Susceptibility

The Antenna equipment shall meet all performance specifications when subject to an RF interference environment as defined by DO-160D Category U-Y. 

3.3.2.7
Emission of RF Energy

The Antenna shall not produce RF energy that will interfere with on-board systems, per DO-160D Cat. H.

3.3.2.8
Lightning Induced Transient Susceptibility

The Antenna shall withstand (survive) the effects of lightning induced electrical transients, per DO-160D Category XXE3.
3.3.2.9
Lightning Direct Effects

The Antenna shall survive the effects of a direct lightning strike, per  DO-160D Category 2A, Zone 2A.
3.3.2.10
Electrostatic Discharge

The Antenna equipment shall survive ESD exposure, per DO-160D Category A.

3.3.3
Nameplates and Product Marking

The antenna equipment shall be marked with the following:

(a) Manufacturer

(b) Part Number

(c) Serial Number

3.3.4
Workmanship

Workmanship shall be to best commercial practices.

3.3.5
Interchangeability

N/A

3.3.6
Safety

3.3.6.1
Guidance Documents

MIL-STD-1472F and MIL-HDBK-454 shall be used for guidance in the design of the Antenna.

3.3.6.2
General Safety Criteria

The Antenna design shall 

a. Be designed for minimum risk.

b. Incorporate safety devices as required

c. Provide warning devices as required

d. Provide safety procedures and training as required

3.3.6.3
Specific Safety Criteria

3.3.6.3.1
RF Radiation Hazard

Warning labels shall be affixed to the Antenna per the intent of 29CFR1910-97 (Figure G-11). The hazard zone is 10 meters.

3.3.6.3.2
DC Voltage Hazard

3.3.6.3.2.1
Exposure to High Voltages

Electrical protection shall be provided to personnel by means of covering, guarding, case housings and or warnings of all exposures over 30 Volts.

3.3.6.3.2.2
DC Power Connectors

All exposed DC power voltages shall be socket, vs pin, connectors.

3.3.7
Human Performance/Human Engineering

N/A.  The Antenna does not require operator interface in normal operation.

3.4
Documentation

The following documentation shall be provided at a minimum:

(a) User’s Manual

(b) Maintenance manual, with parts list
(c) Interface Control Document(s)
3.5
Logistics

N/A.

3.6
Precedence

Except as otherwise noted, this document takes precedence over referenced documents.

4.0
QUALITY ASSURANCE PROVISIONS
4.1
General

The inspection requirements specified herein include all the examinations and tests to be performed on the equipment to verify conformance to the requirements of this specification.

In all cases where DO-260D is referenced, the developer may substitute equivalent testing methods, with the approval of the government.

4.1.1
Responsibility for Tests

Unless otherwise specified, the developer is responsible for the performance of all tests.  All tests, at the discretion of the government, will be witnessed by representatives of the program office.  The government reserves the right to perform any of the tests set forth in the specification where such inspections are deemed necessary to assure that supplies and services conform to prescribed requirements.

4.2
Quality Conformance Inspections

The requirements of Paragraph 3.0 and 5.0 shall be verified by one or more of the following methods:

(a) Analysis

(b) Test

(c) Demonstration

(d) Inspection

The requirements of Paragraph 3.0 shall be verified in accordance with            Table 4.2-1 and associated notes.

	Table 4.2-1    Requirements Verification Matrix



	Paragraph #
	Paragraph Title
	Requirement Summary
	Method
	Notes

	3.1.2.1.1
	RF Input Power Level
	Option 1:  RF input level of 15 Watts (11.76 dBW). 
Option 2: RF input level of 1 Watts (0 dBW).
	T
	1

	3.1.2.1.2
	RF Input VSWR
	< 1.5 : 1
	T
	

	3.1.2.1.3
	RF Input Impedance
	nominal 50 ohms
	T
	

	3.1.2.1.4
	RF Input Connector
	SMA (F)
	I
	

	3.1.2.2.1
	Input Voltage
	28 +/- 4 VDC per MIL-STD-704D 
	T
	

	3.1.2.2.2
	Power Consumption
	Option 1: <  5 Watts (Desired) 20 Watts (Threshold).
Option 2: < 100 Watts (Desired) 150 Watts (Threshold).
	T
	1

	3.1.2.2.3
	DC Power Connector
	MS27473 (P)
	I
	

	3.1.2.3.1.1 
	Control Interface Description
	RS 422
	D
	

	3.1.2.3.1.2 
	Control Interface Connector
	MS27473 (P)
	I
	

	3.1.2.3.2 
	Control Interface Protocol
	ANSI X3.16-1976, 8-bit environment, with 1 start bit, 8 data bits, no parity, and 1 stop bit, at 38.4  kbps rate.
	D
	

	3.1.2.3.2
	Data Format
	Per Figure 3.1.2.3.2. Start byte, 6 data bytes, and checksum. 
	D
	

	3.1.2.3.2.1
	Start Byte
	Detect 7E start byte
	D
	

	3.1.2.3.2.2
	Pointing Information
	Accept BCD encoded pointing information as described.
	D
	

	3.1.2.3.2.3
	Control Information
	Accept and process control information per Table 3.1.2.3.2.3
	D
	

	3.1.2.3.2.4
	Checksum
	Confirm data integrity with modulo-2 checksum
	D
	

	3.2.1.1
	Antenna Transmit and Receive capabilities
	Transmit only capability
	D
	

	3.2.1.2
	Number of Beams
	One beam
	D
	

	3.2.1.2.1
	Mainlobe beamwidth
	Minimum 3dB beamwidth of 8 degrees (Desired), 6.0 degrees (Threshold)
	T
	

	3.2.1.2.1.1
	Peak Gain
	Option 1: the minimum peak gain shall be 24dBi, Option 2: the minimum peak gain shall be 36dBi
	T
	

	3.2.1.3
	Frequency of Operation
	14 to 15.5 GHz (Desired), 14.85 to 15.15 GHz (Threshold).
	T
	

	3.2.1.4
	Instantaneous Bandwidth
	Instantaneous 3 dB bandwidth of operation shall be greater than ± 250 MHz (Desired), ±50 MHz (Threshold) from the selected nominal operating frequency
	T
	

	3.2.1.5
	Effective Isotropic Radiated Power (EIRP)
	>36 dBW
	T
	

	3.2.1.6.1
	Polarization Type
	selectable LHCP or RHCP (Desired) or LHCP only (Threshold)
	D
	

	3.2.1.6.2
	Axial Ratio
	1 dB or less (Desired), 3 dB or less (Threshold)
	T
	

	3.2.1.7
	Scan Angle
	over a conical scan angle of ±60 (Desired)  ±50 (Threshold)  around  boresight.
	T
	

	3.2.1.8
	Sidelobe Level
	20 dB (Desired), 12 dB (Threshold) lower than the main Antenna beam
	T
	

	3.2.1.9
	Pointing Command Update Rate
	100 updates per second (10 ms update interval).
	T
	

	3.2.1.10
	Pointing Command Response Time
	< 1 ms after receipt of a pointing command update
	T
	

	3.2.1.11
	Pointing Accuracy
	less than 0.25 degrees  radial (   [AZerr2 + ELerr2] 1/2 ) (Desired), 0.5 degrees radial (   [AZerr2 + ELerr2] 1/2 ) (Threshold).
	T
	

	3.2.1.12
	Continuous Communication
	continuous communications during Antenna beam steering
	D
	

	3.2.1.13 
	Transmitted Signal Quality
	transmit Binary Phase Shift Keying (BPSK) or Quadra-phase Shift Keying (QPSK) between the rates of 1 kilo symbols per second to 350 mega symbols per second (Desired), 10 mega symbols per second (Threshold) with less than 0.5 dB degradation due to Antenna generated signal distortion
	T
	

	3.2.2.1.1 
	Exterior Component Area (footprint)
	shall not exceed 50 in2 (Desired), 340 in2 (Threshold).
	I
	

	3.2.2.1.2 
	Exterior Component Height
	shall not exceed 1 inch (Desired), 3 inches (Threshold).
	I
	

	3.2.2.1.4 
	Exterior Component Volume
	shall not exceed 50 in3 (Desired), 400 in3 (Threshold).
	I
	

	3.2.2.2.1 
	Interior Component Height
	shall not exceed 0 in (Desired) excluding feed through connectors, 3 in (Threshold).
	I
	

	3.2.2.2.2
	Interior Component Volume
	shall not exceed 0 in3 (Desired) excluding feed through connectors, 1000 in3 (Threshold).
	I
	

	3.2.2.2.3 
	Interior Component Shape Factor
	standard ATR packaging as defined by ARINC 404A, except when included in a combined (single package) Antenna unit.
	I
	

	3.2.2.3 
	Antenna Weight
	conformance with either line 1, 2 or 3 of Table 3.2.2.3
	T
	

	3.2.2.4
	Aircraft Mounting Characteristics
	Mounting to secure to static load of 9G
	I
	

	3.2.3
	Reliability
	designed for a Mean Time Between Failure (MTBF) of greater than 16,000 hours
	A
	

	3.2.4
	Maintainability
	designed for a Mean Time To Repair (MTTR) of less than 1 hour
	A
	

	3.2.5.1.1
	Exterior Surface Temperature
	-65 degrees to +150 degrees C (+180 degrees C for periods of 5 minutes or less)
	A
	

	3.2.5.1.2.1
	Operating Temperature
	-55 degrees to +71degrees C (DFRC 21-2)
	T
	2

	3.2.5.1.2.2
	Survivability (non-operable) Temperature
	shall survive without permanent damage over the range of -55 degrees to +85degrees C (DO-160D Category E1).
	A
	3

	3.2.5.1. 3
	Temperature Variability
	shall meet all performance specifications over the range of –55 degrees to +71degrees C while undergoing a temperature variation of 10 degrees C per minute (DO-160D Category A). 
	T,A
	2,4

	3.2.5.2
	Altitude
	shall meet all performance specifications to an  absolute pressure of 44.4 mbar (DO-160D Category E1).
	T
	2

	3.2.5.3
	Humidity
	N/A
	T
	2,5

	3.2.5.4
	Operational Shock
	shall meet all performance specifications when subject to a low frequency 20 ms shock pulse (DO-160D Category D).
	T
	2

	3.2.5.5
	Vibration
	DFRC 21-2, Category II, Curve B 
	T
	2

	3.2.5.6
	Waterproofness
	shall allow no ingress of water when subject to a continuous water stream per DO-160D Category S.
	T
	2,5,6

	3.2.5.7
	Fluids Susceptibility
	N/A
	
	

	3.2.5.8
	Sand and Dust
	shall resist the effects of blowing sand and dust when carried by moderate winds, per DO-160D Category D.
	T
	2,5,6

	3.2.5.9
	Fungus Resistance
	N/A
	
	

	3.2.5.10
	Salt Spray
	shall resist the effects of long term exposure to a salt spray environment, per DO-160D Category S.
	T
	2,5,6

	3.2.5.11
	Icing
	N/A
	
	

	3.2.6
	Transportability
	shall be transportable by standard commercial air carrier.
	I
	

	3.3
	Design and Construction
	Built to best commercial practices
	I
	

	3.3.2.1
	Magnetic Effect
	N/A
	
	

	3.3.2.3
	Voltage Spike
	N/A
	
	

	3.3.2.4
	Audio Frequency Conducted Susceptibility
	shall meet all performance specifications when subject to the audio frequency environment defined by DO-160D Category B
	T
	2

	3.3.2.5
	Induced Signal Susceptibility
	shall accept a level of induced voltages caused by the installation environment, as defined by DO-160D Category A
	T
	2

	3.3.2.6
	Radiated and Conducted RF Susceptibility
	shall meet all performance specifications when subject to an RF interference environment as defined by DO-160D Category U-Y. 
	T
	2

	3.3.2.7
	Emission of RF Energy
	shall not produce RF energy that will interfere with on-board systems, per DO-160D Category H.
	T
	2

	3.3.2.8
	Lightning Induced Transient Susceptibility
	shall withstand the effects of lightning induced electrical transients, per DO-160D Category XXE3.
	T
	2

	3.3.2.9
	Lightning Direct Effects
	shall withstand the effects of a direct lightning strike, per  DO-160D Category 2A, Zone 2A
	T
	2

	3.3.2.10
	Electrostatic Discharge
	Shall survive ESD, per DO-160D, Category A
	A
	

	3.3.3
	Nameplates and Product Marking
	manufacturer, part number and serial number
	
	

	3.3.4
	Workmanship
	Workmanship shall be to best commercial practices.
	I
	

	3.3.5
	Interchangeability
	N/A
	
	

	3.3.6.1
	Safety Guidance Documents
	MIL-STD-1472F and MIL-HDBK-454 shall be used for guidance-only in the design of the Antenna.
	I
	7

	3.3.6.2
	General Safety Criteria
	shall a. Be designed for minimum risk., b. Incorporate safety devices as required, c. Provide warning devices as required and d. Provide safety procedures and training as required
	I
	

	3.3.6.3.1
	RF Radiation Hazard
	Warning labels shall be affixed to the Antenna per the intent of 29CFR1910-97 (Figure G-11). The hazard zone is 10 meters.
	I
	

	3.3.6.3.2.1
	Exposure to High Voltage
	Electrical protection shall be provided to personnel by means of covering, guarding, case housings and or warnings of all exposures over 30 Volts.
	I
	

	3.3.6.3.2.2
	DC Power Connectors
	All exposed DC power voltages shall be socket, vs pin, connectors.
	1
	

	3.3.7
	Human Performance/Human Engineering
	NA
	
	

	3.4
	Documentation
	Provide Users, Maintenance Manuals and ICD(s)
	I
	

	3.5
	Logistics
	N/A
	 
	


Notes:

1. Either Option 1 or Option 2 must be selected and be the only option for all subsequent requirements verification allowing Options 1 or 2.

2. Testing is in accordance with applicable section of RTCA/DO-160D and DFRC 21-2, or a contractor recommended (and sponsor approved) alternative).

3. Survivable upper temperature range shown by analysis (component selection).

4. A subset of the entire unit can be tested, and unit performance extrapolated by analysis.

5. Testing not required for external components if hermetically sealed

6. External components only 

7. MIL-STD-1472 and MIL-HDBK-454 are not incorporated into the specification. They should be used for guidance only.

5.0
PREPARATION FOR DELIVERY

N/A

6.0
NOTES

N/A
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												External Component Weight		Combined external and Internal component weight		Internal Component Weight

										Single external component, per Figure 3.1.1 Configuration A				N/A		N/A

										Combined external and internal component, per Figure 3.1.1 Configuration B		N/A				N/A

										Separate external and internal component, per Figure 3.1.1 Configuration C				N/A
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