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1.0 Introduction

This specification establishes the design and performance requirements for the Ka-Band Isolator, to be used on the spacecraft bus for the Lunar Reconnaissance Orbiter (LRO) mission.  The Ka-Band isolator provides the primary means to protect the output of the Traveling Wave Tube Amplifier (TWTA) from a possible reflection of power.  

1.1 Scope

The vendor shall furnish personnel, materials, equipment, and services that are required to analyze, design, manufacture, test, and deliver the hardware and data in accordance with the requirements of this Product Function Specification (PFS), the Statement of Work (SOW), and other applicable documents referenced herein.
2.0 Applicable and referenced documents

2.1 Applicable Documents

The following documents, of the more recent version, form a part of this specification to the extend specified herein or as general guidelines.  In the event of a conflict between this specification and other referenced documents, the following order of precedence shall apply:
431-SOW-000310
Ka-band  High Power Isolator Statement of Work
431-LIST-000311
Ka-band High Power Isolator Deliverable Items List and Schedule
431-SPEC-000278
Ka-Band High Power Isolator Product Function Specification
GSFC-STD-7000
General Requirements Verification Specification for GSFC Flight 

Programs and Projects (GEVS)
431-SPEC-000012      LRO Mechanical Systems Specification, 

431-RQMT-000174
LRO Mission Assurance Requirement
2.2 Referenced Documents

431-SPEC-000008
LRO Project Electrical Systems Specification
431-RQMT-000045
Radiation Requirements

431-SPEC-000091
Thermal Systems Specification

EEE-INST-002
Instructions for EEE Parts Selection, Screening, Qualification, and

Derating

MIL-STD-461C
EMI/EMC Requirements Electromagnetic Emission and Susceptibility

Requirements for the Control of Electromagnetic Interference

MIL-STD-462

EMI/EMC Testing Methods, Notice 6

NASA-HDBK-4001
Electrical Grounding Architecture for Unmanned Spacecraft

NASA-HDBK-4002
Avoiding Problems Caused by Spacecraft On-Orbit Internal Charging

Effects (formerly known as RS-422)

TP2361

Design Guidelines for Assessing and Controlling Spacecraft Charging

Effects
3.0 Requirements

This section specifies the functional, performance, interface, logistic, quality factor, and design requirements for the Ka-Band Isolator.  All specification requirements apply to the full operating temperatures (-10(C to +50(C) unless otherwise specified.
In this document, a requirement is identified by “shall”, a good practice by “should”, permission by “may”, expectation by “will”, and descriptive material by “is”.

3.1 Item Definition

The LRO Ka-Band subsystem consists of a high rate Ka-Band modulator, a Traveling Wave Tube Amplifier (TWTA),  the Ka-Band Isolator, and the  LRO high gain antenna (HGA).  Connecting these components are sections of WR-34 waveguide. A block diagram of the LRO Ka-Band sub- system is shown in Figure 3-1.


[image: image1]
Figure 3‑1,Ka-Band Subsystem Block Diagram


The High Power Isolator shall allow RF power, as specified in section 3.2.1.5  out from the TWTA into the HGA and will protect the TWTA from any power reflected due to any mismatch.  The waveguide isolator is made up of two components: a circulator and a load or termination. The schematic is shown in Figure 3-2.


[image: image2]
Figure 3‑2 Waveguide Isolator schematic
3.2 CharaCteristics

3.2.1 Performance Characteristics

3.2.1.1 Center Frequency and Bandwidth
KIPS-1
The Isolator shall be tuned to receive an RF signal at fc = 25.65 GHz with at least a 300 MHz (fc ± 150 MHz) operational bandwidth. 
3.2.1.2 Flatness

KIPS-2
The isolator output flatness shall be within 0.3 dB across the operational bandwidth. 

3.2.1.3 VSWR
KIPS-3
The input and output Voltage Standing Wave Ratio (VSWR) of the Unit shall not exceed 1.25:1 maximum, over the specified bandwidth
. The input and output out-of-band VSWR shall be within 2.0:1
.
3.2.1.4 Insertion Loss
KIPS-4
The insertion loss of the Unit shall not exceed 0.30 dB over the specified bandwidth.
3.2.1.5 Isolation
KIPS-5
Unit shall have a minimum of 20 dB isolation from J2 to J1 over the specified bandwidth

.
3.2.1.6 Operating Power Level
KIPS-6
The Unit shall handle a maximum input power level of  50 W CW or modulated RF continuously without degradation.  

3.2.1.7 Multipactor
KIPS-7  
The Unit shall be free of multipaction breakdown at internal pressures less than 10-2 Torr with the maximum input power specified in 3.2.1.6.  A 6 dB minimum operating margin (with the Unit terminated with a matched load) or twice the operational voltage shall be verified by test unless analysis indicates at least 10 dB of margin. 

3.3 Life Requirements

3.3.1 Mission Life

KIPS-8
Unit orbit life shall be five years.

3.3.2 Shelf Life
KIPS-9
Unit shall not suffer any degradation in performance when stored for ten years when packaged using agreed-to procedures.
3.4 Physical Characteristics

3.4.1 Mass Properties and Reporting

KIPS-10
The supplier shall provide NASA with mass properties data per the Deliverable Items List and Schedule, 431-LIST-000311.
KIPS-11
The mass property data shall include mass and center of gravity estimates.
3.4.1.1 Mass Limits

KIPS-12
The Unit mass shall not exceed 0.5 kg.

3.4.1.2 Dimensions and Envelope

KIPS-13
Overall dimensions, excluding mounting feet, manufacturing tolerances, and connectors, shall not exceed the following dimensions: 10.16 cm (4”)(length) x 3.81 cm (1.5”) (width) x 3.81 cm (1.5)(height).
3.4.1.3 Mounting

KIPS-14
The Unit shall operate as specified herein when mounted in any orientation.  Dimensions and tolerances shall be according to ANSI Y14.5M-1982, Dimension and Tolerances Guidelines.

3.4.1.4 RF Interfaces
KIPS-15
The Unit shall have WR34 waveguide flanges in accordance with MIL-39012 at both the input of the Unit (from the TWTA) and at the output of the Unit (to the HGA). The waveguide flange shall be silver plated.
3.5 EnviRONmental Requirements

KIPS-16
The component shall be designed to withstand, without degradation of specified performance, the operational and non-operational environment specified in the following section, as per the LRO Mechanical Systems Requirement document, (431-SPEC-000012).
3.5.1 Mechanical Requirements

3.5.1.1 Static Loads

KIPS-17
LRO components shall demonstrate the ability to survive interface limit loads of Table 3-1.  Loads are considered to act in any direction, individually.

KIPS-18
Structural analyses shall be performed to show positive margins of safety using a factor of 1.25X with regard to yield and 1.4X with regard to ultimate material strength.

	Component Mass
	Limit Loads

	0.50 kg or less
	35.9 g’s vector in any direction


Table 3.5‑1:Component Limit Loads
3.5.2 Dynamic Loads

KIPS-19
The Unit shall be capable of withstanding the random vibration levels shown in Table 3-2 and the sine vibration levels of Table 3-3, individually applied to three mutually orthogonal axes.
	FREQUENCY

(HZ)
	Acceptance (Flight)
LEVELS (g2/Hz)
	Qualification (ETU)
LEVELS (g2/Hz)

	20
	.013
	0.026

	20-50
	+6dB/oct
	+6dB/oct

	50-800
	.08
	0.16

	800-2000
	-6dB/oct
	-6dB/oct

	2000
	.013
	0.026

	Overall Grms
	10.0 Grms
	14.1 Grms


Table 3.5‑2: Random Vibration

	Axis
	 Acceptance
	Protoflight/Qualification

	All
	Frequency (Hz)
	 Level
	Frequency (Hz)
	 Level

	
	. 5 – 15.8
	 1.27 cm D.A.
	5 – 17.7
	 1.27 cm D.A

	
	 15.8 – 50
	 6.4 g’s
	17.7 – 50
	 8 g’s


Table 3.5‑3: Sine Sweep Vibration Test Levels

3.5.3 Acoustic Levels

KIPS-20
The Unit shall demonstrate its ability to meet performance requirements after being subjected to the maximum expected flight (limit) level acoustic environment listed table 3-4 below. 
	Center Frequency (Hz)
	Atlas V 401

Sound Pressure Level (dB)

	25
	114.0

	31.5
	118.0

	40
	125.1

	50
	122.5

	63
	124.0

	80
	124.5

	100
	126.0

	125
	126.0

	160
	127.2

	200
	127.0

	250
	126.5

	315
	126.0

	400
	126.0

	500
	124.5

	630
	122.0

	800
	119.5

	1000
	116.5

	1250
	114.0

	1600
	112.0

	2000
	114.0

	2500
	112.5

	3150
	111.0

	4000
	112.0

	5000
	114.0

	6300
	113.5

	8000
	114.0

	10000
	115.0

	OASPL
	137.0


NOTE: The reference point is 20µPa.

Table 3.5‑4: Limit Level Acoustic Environments
3.5.4 Vibration Test

KIPS-21
Testing shall be in accordance with General Environmental Verification Specification document (GEVS).

3.5.5 Shock Test

KIPS-22
The Unit shall be designed to withstand the shock test level specified in the Table 3.5-5 in accordance with the LRO Mechanical System Specification (431-SPEC-000012) for Atlas V launch vehicle. Shock testing shall be verified by analysis in accordance with the General Environmental Verification Specification document (GEVS),GSFC-STD-7000.
	Frequency (Hz)
	Level (Q=10)

	100

100 - 796

796 - 10000
	100 g

+7.6 dB/Octave

1372 g


Table 3.5‑5 Isothermal  panel and side panels shock response spectrum

3.5.6 Thermal Vacuum Test

KIPS-23
The Unit shall meet all requirements specified in Section 3 of the PFS, throughout eight (8) cycles of thermal vacuum testing, in accordance with GEVS.  Acceptance limits are -10°C to 50°C.  Survival limits are -20°C to 60°C. Thermal Vacuum Testing shall be performed according to the Verification Test Plan specified in the Ka-band High Power RF Isolator Statement of Work, 431-SOW-000310.

3.5.7 Vacuum

KIPS-24
The Unit shall be capable of meeting all performance requirements of section 3 of the PFS at 1 atmosphere and when exposed to a vacuum environment of 0-5 Torr, or less.

3.5.8 Venting

KIPS-25
If the Unit does not have a minimum of 0.25 square inches of vent area for each cubic foot volume, it shall demonstrate the ability to survive the maximum expected flight pressure profiles described in the figures below. A qualification test is required if analysis does not indicate a positive margin at loads equal to twice those induced by the maximum expected pressure differential.

[image: image3.emf]
Table 3.5‑6: Atlas V Typical Static Pressure Profiles Inside the Payload Fairing
3.5.9 Power Handling
KIPS-26
Deleted. Requirement covered in KIPS-6
3.5.9.1   Derating
KIPS-27
The load or termination shall be designed to withstand fully reflected power when the output port is opened or shorted. Load graphical analysis is required to demonstrate the average power handling versus the housing temperature.
3.5.10 Radiation Requirements

3.5.10.1 Total Ionizing Dose
KIPS-28
The Unit shall meet the component Total Ionizing Dose (TID) specification of 10.8 krad-Si.
3.5.10.2 Displacement Damage Dose

KIPS-29
Deleted. DDD requirement does not apply.
3.5.10.3 Single Event Effect

KIPS-30
Deleted. SEE requirement does not apply
.
3.6 Preparation for Delivery

3.6.1 Packaging, preservation and shipping

KIPS-31
Preservation and packaging design shall be accomplished, by the supplier, in a manner that will protect the Unit against damage during shipment by common carrier.

3.6.2 Special Handling

KIPS-32
If any component requires special attention during receiving inspection, installation and operation, or if non-obvious characteristics require a component to be given special handling, written notification shall be provided at delivery and a removable instruction tag attached if necessary.

3.6.3 Marking for shipment

KIPS-33
The following data shall be identifiable on the packaging container used for shipment:


Item Nomenclature


Purchase Part Number


Contract Number


Supplier Name


Supplier Part Number and Serial Number


Fragile – Handle with Care – Space Flight Hardware


Electrostatic Discharge (ESD) Sensitive Item


Special Handling Requirements (per Section 5.2)

4.0 Qualification Assurance provisions

4.1 General

All requirements in this document shall be verified by one of the four methods defined below.

4.1.1 Analysis

The analysis method is used when:

· A rigorous, representative, and conclusive analysis is possible

· Test is not cost effective, and

· Inspection and demonstrations are not adequate

Analyses may include, but are not limited to, engineering analysis (which includes models and simulations), review of record, and similarity analysis.

4.1.1.1 Engineering Analysis

Engineering analysis may be quantitative, qualitative, or a combination of the two.  Quantitative analysis involves the study and modeling of the physical entity whose performance is to be verified.  Examples of quantitative analyses include end-to-end link analysis, structural (static and dynamic) analysis, thermal models, pointing knowledge and stability.  Qualitative analyses are non-numerical and related to qualitative measure of performance, such as failure modes and effects analyses (FMEA), maintainability, and redundancy.

4.1.1.2 Validation of Records and Other Documentation Analysis

This kind of analysis uses design and manufacturing documentation to show compliance of design features and manufacturing processes.  Validation of design documentation, e.g., engineering drawings, verifies that the “as-designed” hardware complies with contractual design and construction requirements.  Validation of manufacturing records at end-item acceptance verifies that the “as-built” hardware has been fabricated per the approved design and associated documentation.  Review and analysis of other documentation such as acceptance data packages and other compliance documentation of lower levels of assembly are valid analysis techniques.

4.1.1.3 Similarity Analysis

Similarity is included as a valid verification/qualification method.  Qualification by similarity is used in lieu of test when it can be shown that an item is similar to, or identical in design to another item that has been previously qualified to equivalent, or more stringent requirements.  Formal qualification documentation of the previously qualified item must be available for assessment when planning to qualify by similarity.  Furthermore, an item whose design has been qualified by similarity must undergo acceptance verification to assess workmanship.

4.1.2 Demonstration

Demonstration is a verification method that provides a qualitative determination, rather than direct quantitative measurement, of the properties or functional characteristics of an end-item.  The qualitative determination is made through observation with, or without test equipment or instrumentation.

4.1.3 Inspection

Inspection is the verification method used to verify construction features, workmanship, dimension, physical characteristics, and spacecraft conditions such as configuration, cleanliness, and locking hardware.  Inspection also includes simple measurements such as length, and it is performed without the use of special laboratory or precision equipment.  In general, requirements specifying function or performance are not verified by inspection.

4.1.4 Test

Verification by test consists of direct measurement of performance parameters relative to functional, electrical, mechanical, and environmental requirements.  These measurements are obtained, during or after controlled application of functional and environmental stimuli to the test article, e.g., payload or satellite, and using instrumentation or special test equipment that is not an integral part of the test article being verified.  The test activities include reduction and analysis of the test data, as appropriate.  The following paragraphs define different categories of tests including performance, functional, environmental, interface, and structural tests.

4.1.4.1 Performance Test

A performance test consists of an individual test or series of electrical and/or mechanical tests conducted on flight, or flight-configured hardware and software at conditions equal to, or less than design specifications.  Its purpose is to verify compliance of the test article with the stated applicable specification requirements that are verifiable by test.  Typically, a full performance test is conducted at ambient conditions at the beginning and the end of a test sequence during which the test article is subjected to applicable environmental conditions, e.g., vacuum, high/low temperature extremes, or acoustics/random mechanical excitation.

4.1.4.2 Functional Tests

A functional test is a suitably chosen subset of a performance test.  Typically, functional tests are conducted at ambient conditions between environmental exposures during the qualification or acceptance test sequence.  The objective is to verify that prior to application of the next environment, exposure to the environment has not adversely affected the test article.  When appropriate, functional tests, or a portion thereof, are conducted while the test article is exposed to a particular thermal or vacuum environment.  Functional test, or a portion thereof, may also be conducted to assess the state of health of the hardware after major operations, such as transportation of flight hardware from one location to another.

4.1.4.3 Environmental Tests

Environmental testing is an individual test or series of tests conducted on flight, or flight-configured hardware to assure that flight hardware will perform satisfactorily after it is subjected to the induced launch environments, as well as its flight environment.  Examples are:  vibration, acoustic, temperature cycling, thermal vacuum and vacuum outgassing certification, and Electromagnetic Interference/Compatibility.  Depending on the severity of the chosen environmental conditions, the purpose of the environmental exposure is to sufficiently stress the hardware so as to verify the adequacy of the design (ETU levels and durations) or workmanship during fabrication (acceptance levels and durations).
4.1.4.4 Special Tests

Special tests are individual tests, or a series of tests conducted on flight, or flight-configured hardware to assure satisfactory performance of a particular critical element of the system, e.g., optical alignment.  The special test verification category includes structural, mechanism and communication tests.  Special tests may, or may not be performed in conjunction with environmental exposure.

4.1.4.5 Interface Tests

Interface tests verify the mechanical, electrical, and/or hardware-software interface between units and elements integrated into a higher level of assembly such as a module, subsystem, element, or a system.

4.1.4.6 Structural Tests

These tests are performed on structural elements, components, or assembled subsystems before delivery of the assembled structure to the integration and test organization.  Structural tests designed to verify requirements of this specification may include: (1) static structural proof tests (to verify the strength/stiffness adequacy of the primary load path), and (2) dynamic tests, such as a modal survey or acoustic response test.

4.2 Verification Matrix Table

Deleted. The requirement will be described by the vendor.
Appendix A.  Abbreviations and Acronyms

	Abbreviation/ Acronym
	DEFINITION

	C
	Degrees Celsius

	C&DH
	Command and Data Handling

	COMM
	LRO Communication System

	CONOPS
	Concept of Operations

	CE
	Conducted Emissions

	CS
	Conducted Susceptibility

	Db
	Decibel

	dBi
	Decibel (isotropic)

	dBm
	Decibel (relative to 1 mW)

	dBW
	Decibel (relative to 1 W)

	DDD
	Displacement Damage Dose

	EIRP
	Effective Isotropic Radiated Power

	EOL
	End of Life

	EPC
	Electrical Power Converter

	ETU
	Engineering Test Unit

	FEC
	Forward Error Correction

	GEVS
	General Environmental Verification Specificaton

	GHz
	Giga-Hertz (1x109 cycles per second)

	GND
	LRO Ground System

	G/T
	Gain per degree Kelvin

	GSFC
	Goddard Space Flight Center

	HGA
	High Gain Antenna

	ICD
	Interface Control Document

	K
	Degrees Kelvin

	KA-COMM
	Ka-Band Communications Card (C&DH)

	Ksps
	Kilo-symbols per second (1x103 symbols per second)

	LRO
	Lunar Reconnaissance Orbiter

	LROCS
	LRO Communication System

	Mbps
	Mega-bits per second (1x106 bits per second)

	MHz
	Mega-Hertz (1x106 cycles per second)

	MRD
	Mission Requirements Document

	Msps
	Mega-symbols per second (1x106 symbols per second)

	MTBS
	Mean Time Between Failure

	NAK
	Negative Acknowledge

	NASA
	National Aeronautics and Space Administration

	Omni
	Omnidirectional Antenna

	PFS
	Product Function Specification

	RE
	Radiated Emissions

	RF
	Radio Frequency

	RLEP
	Robotic Lunar Exploration Program

	RMS
	Root Mean Square

	STDN
	Spaceflight Tracking and Data Network

	SEE
	Single Event Effect

	SOW
	Statement of Work

	TBD
	To Be Determined

	TBR
	To Be Resolved

	TDRSS
	Tracking and Data Relay Satellite System

	TID
	Total Ionizing Dose

	TLM
	Telemetry

	TT&C
	Telemetry, Tracking and Command

	TWT
	Traveling Wave Tube

	TWTA
	Traveling Wave Tube Amplifier

	UUT
	Unit Under Test

	V
	Voltage

	VDC
	Voltage – Direct Current

	VTMT
	Voltage Temperature Margin Test

	VSA
	Vector Signal Analyzer

	VSWR
	Voltage Standing Wave Ratio

	WCA
	Worst Case Analysis
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�At the input?  Output?  Both?


�Added both ports.


�So the TWTA can handle at least +26 dBm reflected into its output?  With how much margin?


�Vendor confirmed that TWTA can handle 26 dB reflection


�See email from Nick Virmani 10/6/2006


�See email from David Everett 10/04/2006
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