RFQ #                                                                                                                                 CoNNeCT 

                                                                                                                                GRC-CONN-SPEC-0080

[image: image1.png]





National Aeronautics and Space Administration

John H. Glenn Research Center at Lewis Field, OH  44135

Communication, Networking, and Navigation

Re-Configurable Testbed

(CoNNeCT)

Antenna Pointing System
November 18, 2008
TABLE OF CONTENTS

Page

61.0
INTRODUCTION


61.1
Purpose


61.2
Background


71.3
Scope


112.0
DOCUMENTS


133.0
Performance Requirements


133.1
APS System Level Requirements


133.1.1
Mechanical Performance Requirements


133.1.1.1
Mass


133.1.1.2
Physical Envelope


133.1.1.3
APS Interfaces Requirements


143.1.1.4
Interface Control Requirements


153.1.1.5
Frequency Requirement


153.1.1.6
Mission Life and Duty Cycle


153.1.1.7
Range of Motion


153.1.1.8
Accuracy


153.1.1.9
Slew Rate


153.1.1.10
Tracking rate


163.1.1.11
Hard Stops and Soft Stops


163.1.1.12
Output Capability


163.1.1.13
Inertial Load


163.1.1.14
Holding Torque


173.1.1.15
Stalled Condition


173.1.1.16
Launch Lock


173.1.1.17
Cleanliness


173.1.1.18
Sharp Edges


173.1.1.19
External Leakage


183.1.2
Electrical Performance Requirements


183.1.2.1
Power Quality


183.1.2.2
Electrical Redundancy


183.1.2.3
Command Interface


183.1.2.4
Operational Modes


183.1.2.5
EMI/EMC


193.1.2.6
Wiring Configuration


193.1.3
Radio Frequency (RF) Performance Requirements


193.1.3.1
Multipaction


203.2
Gimbal Actuators (GA) Requirements


203.3
Gimbal Control Electronics (GCE) Requirements


214.0
ENVIRONMENTAL REQUIREMENTS


214.1
Static Loads


214.2
Dynamic Loads


214.2.1
Random and Sine Loads


224.2.2
Fatigue


224.2.3
Shock


234.2.4
Acoustic


234.3
Thermal


264.4
Vacuum


264.5
Humidity


264.6
Radiation


275.0
VERIFICATION


275.1
Inspection


275.1.1
Visual Inspection


275.1.2
Physical Measurement


275.2
Analysis Requirements


275.2.1
Stress Analysis


275.2.2
Fatigue


285.2.3
Fracture Control


285.2.4
Thermal Analysis


285.2.5
Dynamic Analysis


285.2.6
Motor Torque Margin


295.2.7
Wear


295.2.8
Lubrication


295.3
Testing


295.3.1
Acceptance Test


295.3.2
Qualification Test


305.3.3
Performance Tests


305.3.4
Test Failures


305.3.5
Test Procedure


305.3.6
Non Conformance


305.4
Verification Methods


315.5
Verification Test Plan


325.5.1
Verification Test Procedure


336.0
Project Management


336.1
Hardware Deliverables


336.2
Documentation


336.3
Reviews and Meetings


336.3.1
Preliminary Design Review (PDR)


346.3.2
Manufacturing Readiness/ Drawings Review


346.3.2.1
APS Drawing Package


356.3.3
Hardware Acceptance Review


356.3.3.1
Data Delivery Package


356.3.4
Technical Interchange Meetings and Telecons


366.4
Notification to NASA/GRC Contracting Officer and Contracting Officer’s Technical Representative


366.5
Handling, Storage, Packaging, Preservation, and Delivery


387.0
Quality Assurance


387.1
Quality Assurance Plan/Manual


387.2
Surveillance of the Contractor


387.3
Government Source Inspection


387.4
Contractor Source Inspection


397.5
Configuration Management


397.6
Anomaly Reporting


407.7
Reliability Requirements


407.7.1
Failure Modes and Effects Analysis


407.7.2
EEE Parts Stress Analyses


407.7.3
Worst-Case Analyses


417.7.4
Reliability Predictions


417.7.5
Limited-Life Items


417.8
System Safety Requirements


42APPENDIX A
DeLIverables and MILESTONE  SchedulE


43APPENDIX B
Abbreviations and Acronyms Definition





FIGURES

Page

8Figure 1‑1  CoNNeCT Gimbal and Payload


9Figure 1‑2  CoNNeCT Antenna Pointing System


10Figure 1‑3 Conceptual Integrated Gimbals Assembly (IGA) Design (Stowed)


11Figure 1‑4 IGA in DEPLOYED configuration


11Figure 1‑5 IGA in STOWED configuration


12Figure 1‑6 Gimbal Assembly Components Examples


15Figure 3‑1  Axis Orientation of the CoNNeCT Payload


26Figure 4‑1 ISS Orientation and CoNNeCT’s Locations on S3


27Figure 4‑2  CoNNeCT Mounted on S3 ELC




TABLES

Page

18Table 3-1  Hard Stop Locations


18Table 3-2  Inertial Load capability


18Table 3-3  Holding Torque Requirement


19Table 3-4  Stalled Test Periods


21Table 3-5 RF Throughput Performance


23Table 4-1. APS Inertial Limit Loads


23Table 4-2  APS Point Limit Loads


24Table 4-3  Random Vibration


24Table 4-4 Sine Sweep Vibration Test Levels


25Table 4-5  Limit Level Shock Response Spectrum


25Table 4-6 Maximum Predicted Acoustic Environment for HTV Launch


27Table 4-7 Temperature Limits as Measured at Motor Stators


32Table 5-1  APS Verification Methods





1.0 INTRODUCTION

1.1 Purpose

The requirements defined in this document apply to the procurement of space-qualified Antenna Pointing System (APS) consisting of an Integrated Gimbal Assembly (IGA) and Gimbal Control Electronics (GCE) for the CoNNeCT payload.
1.2 Background
The CoNNeCT Project is an advanced communications flight project that will demonstrate software-defined radios on an external International Space Station (ISS) pallet. The CoNNeCT flight payload will be flown on the Japanese H-2 on the HTV carrier. The CoNNeCT flight payload will require a system to point a pair of antennas to track geostationary communication satellites from the ISS as it orbits the earth.  Communications with the NASA Space Network occurs at both S-band and Ka-band frequencies.  The Ka-band high-gain antenna has a beam width of about 1.8°.  The S-band medium-gain antenna has a beam width of 37°.

     [image: image2.emf]
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Figure 1‑1  CoNNeCT Gimbal and Payload 
The overall launch envelope of the payload is about 46 in wide x 34 in deep x 44 in high.   Figure 1-1 shows the configuration for a 0.5 M (20 in) Ka-band antenna design.   All radios and electronics are contained within an aluminum box.  The integrated gimbals assembly is on a structural post above the box as shown. 
1.3 Scope
The antenna pointing system (APS) in Figure 1-2 consists of a GCE (1) and IGA (2).  The GCE gimbals controller (1) receives position and rate commands through a 1553 interface (3) with the avionics system.  The GCE (1) provides position information to the avionics system through the same 1553 interface (3).  The APS receives power at 28 VDC power (4) from the avionics system.  The IGA (2) consists of a rotary coupled (5) azimuth (6) and elevation (7) actuators, rotary joints (8,9,10, and 11) support bracket (12) with connectors and antenna bracket (13) with connectors and harness (17).
[image: image4.emf]
Figure 1‑2  CoNNeCT Antenna Pointing System

Each actuator has a stepper motor (14) and harmonic gear (15).  Multiphase drive signals (16) for each stepper motor pass through the gimbals actuator connection cable (17) and gimbals actuator connector interface (18).  Position information (19) from optical encoders in each actuator optical encoder is passed back through the same connector (18) interface to the GCE (1).  The antenna gimbals rotary joints (8, 9, 10, and 11) enable transmission and reception of radio frequency (RF) signals throughout the range of motion of the IGA.   The fixed support bracket (12) supports the IGA and provides connectors to interface with the S-band coaxial cable (20) and Ka-band (21) waveguide RF connections.  Redundant lock pins (22) are used to lock the IGA antenna bracket (13) to the support bracket (12) for launch. (*) The payload avionics system provides power though the launch lock pins connector (23) to actuate the lock pins (22).  The antenna bracket (13) attaches the IGA (2) to the antennas and provides an S-band coaxial connector and Ka-band waveguide flange connection to the corresponding antennas.  The antenna bracket supports a 0.5M ka-band local feed dish antenna and a 19 inch long helix S-band antenna.  Redundant thermostatically controlled heaters (24) are used throughout the IGA to maintain the APS within proper thermal limits.   Heater power is 120 VDC from ISS (25) and supplied though the heater power connector (26) and distributed as needed though a wiring harness (27) in the IGA.

(* )The shown interface in Fig 1-3 is a notional example of a launch lock design.
[image: image5.emf]
Figure 1‑3 Conceptual Integrated Gimbals Assembly (IGA) Design (Stowed)

Figure 1-3 shows the physical interfaces and conceptual design of the IGA in the stowed launch configuration.  The azimuth and elevation actuator axes are perpendicular to each other and lie in the same plane.

Figure 1-4 shows the IGA in the deployed configuration

[image: image6.emf]
Figure 1‑4 IGA in DEPLOYED configuration
Figure 1-5 shows the IGA in the stowed configuration installed on the payload with antennas attached and.


[image: image7.emf]
Figure 1‑5 IGA in STOWED configuration
[image: image8.emf]


Figure 1‑6 Gimbal Assembly Components Examples
2.0 DOCUMENTS

The Contractor shall comply with the following applicable documents.  In the event of conflict between the text of this document and the applicable documents cited, the text of this document takes precedence. In the event of conflict between applicable documents cited, NASA documents take precedence.  The release in effect at time of proposal submittal shall apply for duration of contract.  
TBD




CoNNeCT Interface Control Drawing
431-SPEC-000550, Rev D

LRO Gimbal Control Electronics Unit Specification

431-SPEC-000559, Rev C  
Multipurpose Gimbal Actuator Performance Specification 
CoNNeCT-PLN-0006 

Product Assurance Plan 

GLM-QE-8700.2


Space Assurance Requirements and Guidelines 

SSP30512



ISS Radiation Environment Specification

GLWI-QE-8720.2, 
Failure Modes and Effects Analysis (FMEA), Critical Item Lists (CIL), and Fault Tree Analysis (FTA)
SSP30237



ISS Space Station Electromagnetic

Emission and Susceptibility Requirements
MIL-STD-531


High Voltage Design Criteria
SSP 30558C
Fracture Control Requirements for Space Station, International Space Station (ISS)

NASA-STD-3000
Manned System Integration Standards Document Vol I, Rev B.  Section 6-3.
MIL-STD-1553B
Department of Defense Interface Standard Digital Time Division Command/Response Mutiplex Data Bus
EEE-INST-002

Instructions for EEE Parts Selection, Screening, Qualification, and Derating

IPC-2221
                Generic Standard on Printed Board Design

IPC-2222
                Sectional Design Standard for Rigid Organic Printed                                      Boards

IPC-2223

                Sectional Design Standard for Flexible Printed Boards

IPC-6011


Generic Performance Specification for Printed Boards

IPC-6012
Qualification and Performance Specification for Rigid Printed

MIL-HBK-217


Reliability Modeling and Prediction

MIL-STD-889


Dissimilar Metals

MIL-STD-1629


Procedures for Performing an FMEA

MSFC-STD-3029

Multiprogram/project common-use document guidelines for the selection of metallic materials for stress corrosion cracking resistance in sodium chloride environments

NASA-STD-8739.1 

Workmanship Standard for Staking and Conformal Coating of Printed Wiring Boards and Electronic Assemblies 

NASA-STD-8739.2

Workmanship Standard for Surface Mount Technology 

NASA-STD-8739.3


Soldered Electrical Connection 

NASA-STD-8739.4

Crimping, Interconnecting Cables, Harnesses, and Wiring 

NASA-STD-8739.5

Fiber Optic Terminations, Cable Assemblies, and Installation
ANSI/ESD S20.20-1999
S20.20 Protection of Electrical and Electronic Parts, Assemblies and Equipment (Excluding Electrically Initiated Explosive Devices)
NASA-STD-8739.7

Standard for Electrostatic Discharge Control (Excluding Electrically Initiated Explosive Devices)

RADC-TR-85-229


Reliability Prediction for Spacecraft

S312-P-003

Procurement Specification for Rigid Printed Boards for Space Flight Applications and Other High Reliability Uses

GSFC-STD-7000
General Environmental Verification Standard (GEVS)

3.0 Performance Requirements 

All of the written requirements in this document shall apply at the APS end of life (EOL), which will occur no earlier than 24 months post launch. 
3.1 APS System Level Requirements

3.1.1 Mechanical Performance Requirements

3.1.1.1 Mass

Total as delivered IGA weight shall be less than or equal to 25 lbs.  The Contractor shall also indicate the mass and the approximate center of mass on the interface control drawing.
3.1.1.2 Physical Envelope
Interface locations and physical envelope shall be within the ranges specified in the NASA GRC interface drawing (TBD).   The IGA shall not exceed dimensions of W=8.25 in., L=13.75in., H=16.0 in
[image: image9.emf]

       [image: image10.emf]
Figure 3‑1  Axis Orientation of the CoNNeCT Payload

3.1.1.3 APS Interfaces Requirements

3.1.1.3.1 Support Bracket 

The support bracket shall be the only mechanical interface to the IGA and CoNNeCT payload.  The support bracket shall structurally support the APS with antennas attached and meet all loads requirements.  All power, control, and RF connectors between the APS and CoNNeCT payload shall be mounted to the support bracket.  There shall be separate connectors for power, 1553, and IGA interfaces. The support bracket shall provide for a launch locking capability. 
3.1.1.3.2 Antenna Bracket

The antenna bracket shall be the only mechanical interface to the antennas.  The antenna bracket shall structurally support the S and Ka band antennas for all required loads.  All RF connectors between the IGA and antennas shall be mounted to the antenna bracket.  The antenna bracket shall have a launch locking capability with the support bracket.

3.1.1.3.3 GCE Interface

The GCE shall be mounted within the CoNNeCT payload box and connected to the APS via an actuator connection cable to the support bracket gimbals actuator connector.  The GCE interface shall structurally meet all loads requirements.  The GCE shall connect with the Avionic through a 1553 interface connector that also provides 28 VDC power to the APS control electronics (26-31 VDC, 14W (TBD) nominal 40W (TBD) peak. 
3.1.1.3.4 Launch Lock Pins

Redundant launch lock pins shall structurally lock the antenna bracket to the support bracket during launch.  Power to activate the launch lock pins shall be through the Launch Locking Pins connector to the Avionic system.  This interface shall be redundant and shall allow the antenna and support bracket to be unlocked and relocked by the Avionic system. The power shall be 28 VDC. The lock pins power shall be TBD watts or less.
3.1.1.3.5 Heater Power 

120 VDC heater power shall be supplied through the heater power connector located in the support bracket and the IGA wiring harness.  The avionic system shall provide heater power.  The heaters shall be redundant thermostatically controlled and located to maintain and meet the IGA thermal requirements. The heater power shall be TBD watts or less.
3.1.1.3.6 RF Connections

The RF S and Ka band connections shall be mounted on the support and antenna brackets.  The S band connections shall be coaxial SMA connectors. The Ka band connections shall be a WR34 waveguide flange. There will also be connectors at the mounting interface side.
3.1.1.4 Interface Control Requirements

The Contractor-provided interface control drawing shall include specific details and dimensions including but not limited to:

a. Size, location and tolerance of mounting holes

b. Flange thickness

c. Overall physical envelope of the IGA.
d. Variations from the dimensions shown in NASA GRC interface drawing.

e. Connector locations, size, and specifications

3.1.1.5 Frequency Requirement

The APS shall have a fundamental structural vibration frequency greater than 50 Hz when hard mounted at its interface flange and locked down in its launch configuration with the antennas attached.

3.1.1.6 Mission Life and Duty Cycle

Mission life shall be 24 months.  The APS shall accommodate a duty cycle consisting of tracking, slewing and hold modes that can run in either direction and shall support usage consistent with the required life. The actuators are required to track, slew and sit idle. The number of cycles is 6000 and shall use a factor of two and a reference load on the harmonic drive of 100 in-lbs of torque. A cycle shall be defined as movement through a full range of motion.
3.1.1.7 Range of Motion

The APS shall provide two axes of motion.  The azimuth actuator shall be ± 110 degrees of mechanical rotation.  The elevation actuator shall be ± 90 degrees of mechanical rotation.
3.1.1.8 Accuracy
Absolute output accuracy shall be ± 0.015 degrees when compared against the number of steps from a reference position and the average step size. 
3.1.1.9 Slew Rate

The APS slew rate shall not be less than 0.5 degrees per sec at qualification temperatures. The maximum time to ramp up to speed or from speed to a stop must not exceed 2 seconds.
3.1.1.10 Tracking rate

The APS tracking rate shall be 0.0 degrees per sec to 0.5 degrees per sec at qualification temperatures. The maximum time to ramp up to speed or from speed to a stop must not exceed 2 seconds.

3.1.1.11 Hard Stops and Soft Stops
The APS shall have two external hard stops, one at each end of the operational range of travel. Hard stops shall be located according to Table 3-1. Soft stops shall be adjustable to be 2 degrees before the hard stop is reached.

Table 3-1  Hard Stop Locations

	Actuator Type
	Location A
	Location B

	Azimuth
	+110 degrees 
	-110 degrees 

	Elevation
	+90 degrees 
	-90 degrees 


The actuator’s hard stop design shall enable the reconfiguration of hard stops. The hard stops shall be capable of withstanding continual application of the maximum actuator output with no damage.
3.1.1.12 Output Capability
The APS shall be capable of driving the inertial and offset loads in Table 3-2, 4-1 and  4-2 at the output at all operational speeds at worst-case operational temperatures and at minimum drive voltage.
3.1.1.13 Inertial Load

The inertial output capability shall be in accordance with Table 3-2. This load is applied to flight and ground test cases.

Table 3-2  Inertial Load capability
	Application
	Actuator Type
	Inertial Load
	Resonant Frequency



	IGA
	Azimuth Actuator

Zenith Actuator
	 24,000 lbm-in2
	1-2 Hz




3.1.1.14 Holding Torque

The APS shall provide the minimum torque levels given in Table 3-3 at the output flange at worst case operational temperatures as defined in Table 4-7.
Table 3-3  Holding Torque Requirement

	Operation Condition
	Required Torque

	Un-powered/ Locking pin disengage
	235 in-lbs


3.1.1.15 Stalled Condition

The APS shall be capable of meeting nominal performance requirements after running continuously under flight-like conditions against the hard stops at maximum operational temperature and in vacuum without any damage to the unit for a period and at the pulse rate and voltage as indicated in Table 3-4. All “follow-on” units shall demonstrate this capability at nominal voltage and ambient conditions.

Table 3-4  Stalled Test Periods

	Test
	Time
	Temperature
	Pressure
	Operating Condition

	Qualification
	5 Minutes
	Max operating
	1 x 10-5 Torr
	28 pps at 28 Vdc

	Acceptance
	1 Minute
	Ambient
	Ambient
	10 pps at 28 Vdc


3.1.1.16 Launch Lock

The IGA shall have an integrated redundant locking mechanism to prevent rotation of gimbal under launch loads.  It shall be designed to mitigate binding to ensure smooth release.  
3.1.1.17 Cleanliness

The assembly and integration shall be performed in a class 100 environment. The test operations should be performed in a clean, dust-controlled environment such that performance is not compromised. The units shall be inspected after test and re-cleaned if necessary.  The units shall be delivered in visibly clean condition.
3.1.1.18 External Leakage

There shall be no external leakage of solid or liquid lubricant (oil or grease). Molecular/vapor loss of lubricant under vacuum shall be minimized through the use of labyrinth seals and barrier films to ensure adequate lubricant quantity throughout the specified mission life.
3.1.1.19 Sharp Edges

Sharp edges and corners shall be designed according to Manned System Integration Standards Document Vol I, Rev B.  Section 6-3, NASA-STD-3000.


3.1.2 Electrical Performance Requirements
3.1.2.1 Power Quality 
28VDC power shall be compatible with voltage range 26 to 31VDC and with applicable conducted emissions and susceptibility requirements from EMI/EMC section (eg SSP30237).
120VDC is not applicable assuming that power used for thermostatically controlled heater(s).
3.1.2.2 Electrical Redundancy
All electrical components shall be redundant with the exception of the RF.

3.1.2.3 Command Interface 

The APS MIL-STD-1553 command set shall comply with LRO Gimbal Control Electronics Unit Specification, 431-SPEC-000550, Rev D.
3.1.2.4 Operational Modes
The APS shall consist of verifying operation characteristic (range of motion through stall characteristics, and feedback resolution) over the specified operation range.

3.1.2.5 EMI/EMC

3.1.2.5.1 Emissions

The APS design shall be compatible with ISS Space Station Electromagnetic SSP30237.  SSP30237 specification shall take precedent over all other specifications for EMI/EMC in the event of a conflict)
3.1.2.5.2 Corona Suppression

The APS design shall not exhibit corona during normal operating conditions per MIL-STD-531, “High Voltage Design Criteria”

3.1.2.5.3 Electrical Bonding

The APS design shall have conductive electrical surfaces electrically bonded through mounting interface by less than 2.5 milli-ohm.
3.1.2.5.4 Input power to chassis isolation

The APS design shall input power and return line isolated from chassis by greater than 1 mega-ohm.

3.1.2.5.5 Secondary voltage reference (TBD)
The APS design shall connect internal (secondary) voltages to chassis.
3.1.2.6 Wiring Configuration

Power wires shall be grouped and shielded separately from signal wires. Power wires and signal wires shall each be separately bundled and shielded. A unique color coding scheme shall be implemented.  All cabling shall exit the base of the gimbal assembly.  Motor power and feedback wires shall be terminated in connectors compatible with the gimbal electronics.  Wiring harness shall be configured to prevent entanglement, fatigue during launch and during operation during mission life.  Contractor shall specify length and routing of the wire bundles per NASA GRC interface drawing (TBD) . Contractor shall provide both sides of connector at all interfaces. Wiring shall be done according to NASA-STD-8739.4 applicable documents.
3.1.3 Radio Frequency (RF) Performance Requirements
Both S-band and Ka-band rotary joint components shall meet the following system performance requirements over the range of motion and thermal environment specified in this document.

Table 3-5 RF Throughput Performance

	
	S Band
	Ka-Band

	Operational Frequencies
	2000 MHz to 2500 MHz
	22.5 GHz to 26.25 GHz

	VSWR
	1.5:1
	1.5:1

	RF Insertion Loss
	≤ 1.0 dB
	≤ 1.0 dB

	RF Power
	12 Watts
	42 Watts

	RF Connectors
	SMA-type
	WR-34 waveguide flanges


3.1.3.1 Multipaction
No evidence of multipaction shall exist at any temperature within the specified operating range when the Rotary Joint Assembly (RJA) unit is at a pressure equal or lower than 10-5 torr.  Damage or measurable degradation due to RF breakdown (multipaction and arcing) shall be prevented by design.
3.2 Gimbal Actuators (GA) Requirements
Two GA’s shall be developed for the APS that meet the requirements of the LRO Multipurpose Gimbal Actuator Performance Specification 431-SPEC-000559, Rev C. For the CoNNeCT IGA application, references to the LRO solar array load inertia are not applicable.

3.3 Gimbal Control Electronics (GCE) Requirements
A gimbal control electronic unit shall be developed for the APS that met the requirements of the LRO Gimbal Control Electronics Unit Specification, 431-SPEC-000550, Rev D.

4.0 ENVIRONMENTAL REQUIREMENTS

The IGA shall be designed to meet all of the system level environmental requirements as follows.  The GCE shall meet the component level requirements as found in The LRO Gimbal Control Electronics Unit Specification, 431-SPEC-000550, Rev D.
4.1 Static Loads

The APS shall be capable of withstanding the combined limit loads of Table 4-1. The APS shall also be capable of withstanding the point limit loads in Table 4-2 acting at the antenna interface of the APS applied individually. The load shall be applied to the output while input flange is supported. In the analysis, a factor of safety of 1.4 shall be applied to material yield and 2.0 shall be applied to material ultimate strength. The output bearings shall be designed such that the mean Hertzian stress does not exceed 350 ksi with shoulder heights sufficient to contain the contact zone. The Hertzian stress calculation shall employ a factor of 1.4 on the loads.
Table 4-1. APS Inertial Limit Loads

	Direction
	Acceptance (Limit) Loads

	X
	20g

	Y
	20g

	Z
	20g


Table 4-2  APS Point Limit Loads

	Direction
	Limit Loads

	Transverse Shear
	350 lbs

	Axial
	800 lbs

	Moment
	1450  in-lbs


4.2 Dynamic Loads

4.2.1 Random and Sine Loads

The APS shall be capable of withstanding the random vibration levels shown in Table 4-3. The APS shall also be capable of withstanding the sine vibration levels of Table 4-4. The loads are considered to act in any of the three mutually perpendicular component axes.

Table 4-3  Random Vibration
	FREQUENCY   (HZ)


	Acceptance                     (Flight) LEVELS              (g2/Hz)
	Qualification      (PROTOTYPE) 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


Note: 2 minutes/axis for qualification testing and 1 minute/axis for acceptance testing.

Table 4-4 Sine Sweep Vibration Test Levels

	Frequency

(Hz)


	Acceptance

(Flight Levels)

(G Zero Peak)
	Qualification

(Prototype Levels)

(G Zero Peak)

	5 – 10
	2 g
	2.5 g

	10 – 20
	4 g
	5 g

	20 – 35
	13 g
	16 g

	35 – 50
	7 g
	9 g


Notes: Ramping to full level is acceptable where required by shaker displacement limitations. 2 octaves/minutes for qualification testing and 4 octaves/minute for acceptance testing.

4.2.2 Fatigue

The APS design shall show positive margins for fatigue. The number of cycles shall consider 1) testing at the component level, assembly level, 2) re-test following any re-work, 3) shipping and handling, and 4) launch and on orbit. Specifically, the solder leads on components shall be analyzed and shown to have positive margins with respect to fatigue. The fatigue analysis shall have a scatter factor of 4 applied.

4.2.3 Shock

The maximum expected shock environment at the component interface is shown in Table 4-5. The component shall be assessed for damage due to shock based on shock sensitivity or proximity to shock sources. If the component is not considered susceptible to the shock environment, shock testing can be deferred to the level of assembly that allows for actuation of the actual shock-producing device. If the component is considered to be susceptible to the shock environment, the contractor may need to perform a shock test to demonstrate that the item can survive the predicted shock environment. The CONNECT Project will assess shock environment based on the specific component location.
Table 4-5  Limit Level Shock Response Spectrum

	Frequency (Hz)
	Level (Q=10)

	100

100 to 1000

1000 to 10000
	150 g

+7.5 dB/Octave

2000 g


4.2.4 Acoustic

The component shall be designed to meet its performance requirements after being subjected to the acoustic environment listed in Table 4-6. The sound pressure levels are based on the specified launch vehicle only. 
Table 4-6 Maximum Predicted Acoustic Environment for HTV Launch
	1/1 Octave Band Center Frequency (Hz)
	Acoustic Level (dB)

	31.5
	132.2

	63
	136.3

	125
	133.4

	250
	135.4

	500
	127.5

	1000
	121.3

	2000
	116.3

	4000
	113.0

	8000
	114.2

	O.A.
	140.9

	Duration
	60s Max


4.3 Thermal

The APS shall be capable of meeting all performance requirements of Section 3.1 while operating on-orbit at its location on ISS on the Express Logistics Carrier (ELC) on the S3 truss location as shown in Figures 4-1 & 4-2 and while it is exposed to the environment defined in Table 4-7.  Thermal control means, such as Multilayer Insulation (MLI) and/or heaters, may be used.
A thermal model of the International Space Station (ISS) with CoNNeCT can be provided, if requested, for thermal analysis.  The model is based on “C&R” Technologies “Thermal Desktop” software.

[image: image11.emf]


Figure 4‑1 ISS Orientation and CoNNeCT’s Locations on S3

[image: image12.emf]


Figure 4‑2  CoNNeCT Mounted on S3 ELC

Table 4-7 Temperature Environment
[image: image13.emf]


4.4 Vacuum

The APS shall be capable of meeting all performance requirements of Section 3 at ambient as well as when exposed to a vacuum environment of 1 x 10-5 Torr.
4.5 Humidity

The APS shall be capable of meeting the requirements herein after and during exposure to 20 to 70% relative humidity prior to launch. 
4.6 Radiation

The APS design shall be compatible with Low Earth Orbit environment as defined in SSP30512.

5.0 VERIFICATION

The contractor shall conduct a system level verification program that demonstrates the APS is qualified and meets all requirements contained in this document. Verification methods include inspection, analysis, test or a combination of these techniques. 
5.1 Inspection
Verification by inspection includes in-process and visual inspection of the physical hardware, a physical measurement of a property of the hardware, or the documentation search demonstrating hardware of an identical design has demonstrated fulfillment of a requirement.

5.1.1 Visual Inspection

In-process and final visual inspection of the physical hardware by a customer appointed qualified inspector.

5.1.2 Physical Measurement

Physical measurement of hardware property (i.e. mass, dimensions, etc.) demonstrating the hardware meets specific requirement.

5.2 Analysis Requirements
5.2.1 Stress Analysis

Verification of performance or function through detailed analysis, using all applicable tools and techniques, is acceptable with the following conditions. For structural loads, design qualification by analysis requires that positive margins of safety be shown using factors of safety of 1.4 on yield and 2.0 on ultimate.  All margins of safety shall be verified by a detailed hand stress analysis of the APS that assesses all primary and secondary structure, joints, fasteners, bearings and gear loads.  The effects of any thermal inputs shall be reflected in the analyses as appropriate.  The results of these analyses shall be summarized in a Contractor format for the Mechanical Analyses Report.
5.2.2 Fatigue

Fatigue life of the harmonic drive shall be demonstrated with detailed analysis using the 95% reliability curves for the materials. Refer to section 3.1.1.7 for duty cycle and mission life.
5.2.3 Fracture Control

The APS design shall meet the requirements of Fracture Control Requirements for Space Station, International Space Station (ISS), SSP 30558C.
5.2.4 Thermal Analysis

A thermal analysis shall be performed to assess the thermal design of the APS.  The analysis shall consider the maximum and minimum operating temperatures to which the Elevation/ Azimuth APSs will be exposed while in a vacuum environment. The analysis must also ensure the temperatures can be kept within guidelines and limits (i.e., bearing gradients) during operating and non-operating conditions (no motor power dissipation) with thermostatically controlled heaters placed around the motor housing.  Maximum bearing gradients (both radial and circumferential) shall be determined for worst-case operational conditions.  These analyses shall be used to determine the unit's capability to meet performance and life requirements.  The results of these analyses shall be summarized in a Contractor-format for the Thermal Analyses Report, which shall be provided for review as per the contract schedule.

5.2.5 Dynamic Analysis

A dynamic analysis shall be performed to show the IGA comply with all the requirements. This analysis shall predict performance of the IGA configurations and shall be capable of recovering reaction torques which will be reacted by the spacecraft.  Both cardinal and microstepping performance shall be evaluated.  The Contractor shall provide the dynamic models developed in order for GRC to predict spacecraft jitter disturbances with a high degree of confidence.

5.2.6 Motor Torque Margin

Perform a motor torque margin using GEVS (GSFC_STD_7000) section 2.4.5.3. Provide analysis showing that the output torque of the overall system is attainable at all specified speeds under the worst case operating conditions. This calculation shall include all components from input of torque at the motor rotor (prime mover) through the actuator assembly to the output.

Flight torque margin:

Ta > 4 x Tunknown + 1.25 x Tknown

Ground Torque Margin:

Ta > 1.25 x Tunknown + 1.25 x Tknown

Where Ta = the torque available at the output under worst case environmental and operating conditions.

Tunknown = all frictional and other resistive torques that are difficult to characterize over

life, i.e. bearing friction, harmonic drive efficiency, etc.

Tknown = all inertias and other resistive torques that do not change over life

This calculation shall include all components from input of torque at the motor rotor (prime mover) through the actuator assembly to the output.
5.2.7 Wear

The wear life of all sliding or rolling surfaces, including the harmonic drive gear teeth and bearings, shall be demonstrated with a detailed analysis or by similarity using appropriate margins of safety. The reference load on the output bearings should be no more than the axial preload. 

5.2.8 Lubrication

The Contractor shall provide analysis to show that sufficient lubricant is available throughout the life of the APS so that it can meet its specified performance and life and duty cycle requirements. The Contractor shall also provide a stress-cycle analysis (also known as a ballpass analysis) or flight heritage to support the lubricant choice.

5.3 Testing
Represents a detailed test of performance and/or functionality throughout a properly configured test setup where all critical data taken during the test period is captured for review. Performance parameter measurements shall be taken to establish a baseline that can be used to assure that there are no data trends established in successive tests that indicate a constant degradation of performance within specification limits that could result in unacceptable performance in flight. In-process production evaluation tests, burn-in or wear-in tests, and environmental stress screening tests may be considered as a baseline for final verification tests.

5.3.1 Acceptance Test

The verification process that demonstrates that hardware is acceptable for flight. It also serves as a quality control screen to detect deficiencies. The test levels are limit level. The temperature levels are 5 degrees C beyond operational temperature extremes. These tests are conducted only on flight hardware for which the design has already undergone a prototype or protoflight qualification.

5.3.2 Qualification Test

The verification process that demonstrates hardware design performance under environmental stresses encountered during handling, launch, ascent and orbit. It also serves as a quality control screen to detect deficiencies. The test levels are Limit Level with an added test dependent test factor. The temperature levels are 10 degrees C beyond operational temperature extremes. The test conditions are intended to be more severe than field conditions in order to provide better assurance of locating faults, thus compensating to some extent for the statistical limitations of the sample size. However, the conditions are not intended to be severe enough to exceed reasonable safety margins or to excite unrealistic modes of failure. 
5.3.3 Performance Tests

The verification process that includes electrical and functional testing developed to gather critical data necessary for requirement verification. Performance tests shall exercise APS functions individually and as a whole to demonstrate compliance of requirements. The requirements to be verified by the performance tests shall be defined in the Contractor’s Verification Test Plan. Performance test data shall be gathered for each APS at nominal operating voltages and room temperature to establish a performance baseline.

5.3.4 Test Failures

The test shall be stopped if equipment fails during testing in cases where this failure will result in damage to the flight hardware. Otherwise, on approval of the COTR, the test shall be completed to obtain as much information as possible.

5.3.5 Test Procedure

The Government shall review and approve test procedures for all tests. Test procedures shall include pass/fail criteria and Mandatory Inspection Points (MIPs) for QA.
5.3.6 Non Conformance 

When a non-conformance occurs during testing, the supplier shall discontinue testing and report the non-conformance to NASA GRC within 48 hours. The supplier shall document all trouble-shooting steps and corrective actions taken.
5.4 Verification Methods
The requirements shall be verified using the verification methods specified below. The

methods are based on standard practices used for space flight hardware.
Table 5-1  APS Verification Methods

	Requirement


	Inspection/

Measurement
	Design/

Analysis
	Test
	Reference Paragraph



	Mechanical Characteristics
	
	
	
	

	       Mass Properties 
	X
	
	
	3.1.1.1

	       Dimensions 
	X
	
	
	3.1.1.2

	Cleanliness, External Leakage
	X
	
	
	3.1.1.17
3.1.1.18

	Structural Qualification
	
	X
	X
	4.1

	       Fracture Control
	
	X
	
	5.2.3

	Vibration Testing
	
	
	
	

	      Random Vibration
	
	
	X
	4.2.1

	      Sine Vibration
	
	
	X
	4.2.1

	      Frequency Requirement
	
	
	X
	3.1.1.5

	      Shock
	
	
	
	4.2.3

	Thermal Vacuum and Mechanical Function
	
	
	X
	4.3
3.1.17

	      High Temperature
	
	
	X
	4.3

	      Low Temperature
	
	
	X
	4.3

	Life
	
	X
	
	3.1.1.6

	Accuracy
	
	
	X
	3.1.1.8

	Operational tracking/slew rate
	
	
	X
	3.1.1.9
3.1.1.10

	Output capability
	
	
	X
	3.1.1.12

	Holding torque
	
	
	X
	3.1.1.14

	Range of Motion for hard and soft stops
	
	
	X
	3.1.1.11

	Stall Condition
	
	
	X
	3.1.1.15

	Launch lock
	
	
	X
	3.1.1.16

	Performance
	
	
	
	

	      Command Interface
	
	
	X
	3.1.2.3

	      Operational Modes
	
	
	X
	3.1.2.4

	Radiation
	
	X
	
	4.6

	EMI/EMC Testing
	
	
	X
	3.1.2.5

	Operational Frequencies
	
	
	X
	3.1.3.

	VSWR
	
	
	X
	3.1.3

	Insertion Loss
	
	
	X
	3.1.3

	RF Power
	
	X
	
	3.1.3

	Multipaction
	
	X
	
	3.1.3.1


5.5 Verification Test Plan

A Verification Test Plan shall be generated by the Contractor to perform verification tests.   The test plan shall show how each requirement is to be verified.  NASA/GRC will have authority to approve this plan.  Verification tests must demonstrate acceptable performance over the specified range of performance requirements, measure performance parameters and reveal inadequacies in manufacturing and assembly such as assembly workmanship and any other problems.  

The plan should state the purpose of each test; state acceptance criteria; describe in detail the test method, configuration and instrumentation; and give the sequence of the tests.  The plan should include a test matrix summarizing all tests that shall be performed on the component.

This plan shall be a controlled document and shall indicate all changes made after the initial approval by the NASA/GRC COTR.  After verification test plan approval, no changes shall be made without written NASA/GRC COTR approval.
5.5.1 Verification Test Procedure

The Contractor shall generate Verification test procedures.  The verification procedures shall be step‑by‑step instructions for performing tests outlined by the Verification Test Plan and verification matrix.  The procedures should define the environmental conditions for the tests, the test configuration, required equipment and facilities, test constraints, use of diagnostic or performance test software, operating conditions, tolerance on all input stimuli, data to be recorded and pass/fail limits. 

Verification test procedures shall be controlled documents and shall indicate all changes made after the initial release for review to the NASA/GRC COTR.  Any additional changes shall be provided to the NASA/GRC COTR for review.

6.0 Project Management

6.1 Hardware Deliverables

Contractor shall provide the following:

1. A functionally similar GCE and single axis actuator shall be given on loan for checkout at GRC.
2. A flight qualified APS.  The APS consists of:
a. IGA
1. Azimuth and elevation actuators
2. S-band and Ka-band Rotary joints
3. Fixed mechanical interface 
4. Antenna structural support interface.
5. Thermal control system
6. Launch lock
7. Associated electrical harnessing

b. GCE and associated connectors
6.2 Documentation

The contractor shall ensure the generation and delivery of all documentation as called for in section 6.3.

In addition to that documentation specifically called for in the Contract, upon request by the NASA Contracting Officer (CO), the contractor shall make available a copy of any document or data generated during this contract performance for review either at the contractor's facility or via the internet.  This includes, but is not limited to, technical reports and memorandums, drawings, schematics, studies, analyses, parts and materials data, test data, alerts, etc.
6.3 Reviews and Meetings

6.3.1 Preliminary Design Review (PDR)

The contractor shall organize and present a PDR to a GRC Review Team at the Contractor’s facility according to schedule in Appendix A.  This review must demonstrate overall conformance of the requirements.  This review shall cover programmatic, technical, test and verification, manufacturing flow and QA topics.  This review shall provide an opportunity for both the Government and the Contractor to review the requirements and discuss items needing clarification.  This review shall also provide an opportunity to review drawings and all analyses requiring approval before the start of detailed design. 

6.3.2 Manufacturing Readiness/ Drawings Review

The contractor shall organize and present a Manufacturing Readiness/Drawing  Review (MRR) to the GRC Review Team at the Contractor’s facility on a date defined in the contract schedule. This review must demonstrate overall conformance of the requirements specified.  This review shall cover programmatic, technical, test and verification, manufacturing flow with inspection points, manufacturing procedures and QA topics.  This review shall provide an opportunity for both the Government and the Contractor to review the requirements and discuss items needing clarification.  This review shall also provide an opportunity to review drawings, documents, and all analyses requiring approval before the start of fabrication/manufacturing/assembly.

The Contractor shall provide a Manufacturing Readiness/ Drawing Review presentation package and all other required deliverable data one week prior to the review.  Refer to the contract schedule for the list of required deliverable data. Review minutes shall be prepared and, as a minimum, shall include attendance, action items, action item accomplishment responsibility, risk, risk mitigation, and agreements.  All items shall be in sufficient detail to be self-explanatory.  A report shall be prepared following the review and, as a minimum, contain meeting notice, agenda, review meeting minutes described above and responses to all recommendations and action items.
6.3.2.1 APS Drawing Package
The Contractor shall provide the following drawing/model packages: 

1. Program Management

2. Quality Assurance Implementation
3. Detailed Schedule
4. Electrical, Mechanical, and Environmental specifications

5. Drawings

· ELECTRICAL: interface drawings for the APS
· MECHANICAL: interface drawings for the mounting surfaces
· MECHANICAL:  Three dimensional solid models that accurately represent the GA physical properties (size, interfaces, and mass properties).  These models shall be included with the submittal of the ICD/Drawing.
6. Parts, including stress analysis and radiation hardness assessment

7. Detailed architectural block diagrams for the different deliverable units

8. Manufacturing flow diagram with in process and other inspection points

9. Facilities

10. Verification test plan (including Performance Test Description and life test plan)

11. Electrical, Electronic, and Electromechanical (EEE) Parts, Materials and Processes Lists

12. Thermal Analysis Report
13. Fracture Control Implementation Plan

14. Materials Identification and Usage List (MIUL)

15. Mechanical/Structural Analysis Report
16. APS dynamic analysis

17. Electrical Worst-Case analyses, if applicable 

18. Failure Modes Effects Analysis (FMEA)

19. Interface Control Documentation

20. Subcontract items and flow of requirements

21. Risk Mitigation strategies

22. Life test plan and heritage data

6.3.3 Hardware Acceptance Review

A Hardware Acceptance Review (HAR) shall be held at the contractor's facilities at the completion of verification tests and prior to shipment of the hardware to NASA.  A Data Delivery Package shall be presented one week prior to the review.
6.3.3.1 Data Delivery Package

The Data Delivery Package shall be made available for review during the HAR for hardware deliverables.  This package shall also be delivered with each end item with the level of detail required of that item.  The package should be comprised of, but not limited to, the following data:

All Items:

1. As-Built vs. As-Designed Material and EEE Parts List, (includes serialization/revisions, date codes, lot numbers)
2. Final Drawing Package (including rework instructions, if any)

3. Critical Parameters Trend Data,

4. Problem/anomaly reporting (complete copies of report)

5. Deviations/Waivers/open items/nonconformances and their dispositions,

6. Class I Material Review Boards (MRBs) (complete copies of reports)

7. Open items with proposed closure dates

8. List of Materials and Processes used,

9. Log of total operating time,

10. List and status of all identified Life-Limited Items
11. Verification matrix, test data and compliance/non-compliance reports,

12. Flight connector mate/demate log (Flight Unit only)
13. Photograph Documentation (Pre-Closure and Closed) 

14. Certificate of Conformance
15. Inspection (in-process and final inspection) records

6.3.4 Technical Interchange Meetings and Telecons
The Contractor shall plan technical interchange meetings (TIMs) twice during contract performance to be held at the contractor facilities. These TIMs shall support review and coordination of technical issues including, but not limited to, parts, test plans, test procedures, software changes, design modifications, and design analyses or any other issues.  The Contractor shall provide or develop presentation materials for each TIM based on an agreed-upon agenda and shall respond to all recommendations and assigned action items.  Telecons shall be held monthly at a minimum for contractor to provide status.
6.4 Notification to NASA/GRC Contracting Officer and Contracting Officer’s Technical Representative

The Contractor shall notify the Contracting Officer and COTR at least five (5) working days in advance of all test activities, and deliveries at either the Contractor’s or a sub-Contractor’s facility to permit the Government’s participation.  Refer to Section 7.0 for additional quality requirements.  
6.5 Handling, Storage, Packaging, Preservation, and Delivery

Products shall be stored, preserved, marked, labeled, packaged, and packed to prevent loss of marking, deterioration, contamination, excessive condensation and moisture, or damage during all phases of the program.  Stored and stocked items shall be controlled in accordance with documented procedures and be subject to quality surveillance.

Contractor is responsible for providing an acceptable shipping container that protects the hardware appropriately, including electrostatic discharge (ESD).  See Section 8 of the PAP (Product Assurance Plan), GRC-CONN-PLAN-0006.

While in a shipping container, the item shall be wrapped in an ESD sealed bag and wrapped in a vapor barrier with redundant maximum humidity indicators.  In addition, the packaging materials shall not shed, transfer, or outgas contaminants on to the hardware (Section 6 of the PAP, GRC-CONN-PLAN-0006).

The shipping container shall also include shock and humidity indicators and shall be capable of prolonged shipping conditions.  The Contractor shall document what action NASA/GRC COTR is to take if the sensors are tripped when hardware arrives at the NASA/GRC COTR receiving area.  A copy of this document shall be included with shipping documentation.

By executing the act of product shipment, the supplier certifies that the product complies with all contract requirements.  Prior to shipping, the contractor’s QA personnel shall ensure that:

1. Fabrication, inspection, and test operations have been completed and accepted and all open items are closed.

2. All products are identified and marked in accordance with requirements.

3. The accompanying documentation (developer's shipping and property accountable form) has been reviewed for completeness, identification, and quality approvals.

4. Evidence exists that preservation and packaging are in compliance with requirements.

5. Packaging and marking of products, such as ESD, etc., as a minimum comply with Interstate Commerce Commission rules and regulations and are adequate to ensure safe arrival and ready identification at their destinations.

6. The loading and transporting methods are in compliance with those designated in the shipping documents.

7. Integrity seals are on shipping containers and externally observable shock and humidity monitors do not show excessive environmental exposure.

8. In the event of unscheduled removal of a product from its container, the extent of re-inspection and retest shall be as authorized by NASA or its representative.

9. Special handling instructions for receiving activities, including observation and recording requirements for shipping-environment monitors are provided where appropriate.

The contractor’s QA organization shall verify prior to shipment that the above requirements have been met and shall sign off appropriate shipping documents to provide evidence of this verification.  The contractor shall ship Freight On Board (F.O.B.) Destination.  The contractor has the responsibility for any damaged incurred during shipment.

7.0 Quality Assurance

7.1 Quality Assurance Plan/Manual

The contractor shall implement a Quality Management System that meets the intent of the requirements of GLM-QE-8700.2, Space Assurance Requirements and Guidelines (SARG) and the CoNNeCT-PLN-0006, Product Assurance Plan or equivalent. GRC shall be notified of any changes to the QA program.

7.2 Surveillance of the Contractor

The work activities and operations of the contractor, subcontractors, and suppliers are subject to evaluation, review, survey, and inspection by GRC representative.

The contractor shall provide the GRC representative with documents, records, equipment, and working areas within their facilities that are required by the representative to perform their overview activities.

7.3 Government Source Inspection

The Government may elect to perform inspections at a supplier's plant.  The following statement shall be included on all procurement documents:  "All work on this order is subject to inspection and test by the Government at any time and place”. The Government Quality Representative who has been delegated NASA QA functions on this procurement shall be notified immediately upon receipt of this order.  The Government Representative shall also be notified 48 hours in advance of the time that articles or materials are ready for inspection or test.
7.4 Contractor Source Inspection

The contractor shall ensure that its procurement documents impose the applicable requirements on subcontractors and other suppliers.  The subcontractor and other suppliers shall in turn impose the requirements on their procurement sources. The contractor shall perform source inspection at the subcontractor's or supplier's facilities in accordance with the procurement documentation or when one or more of the following conditions exist: 

1. In process, end item controls, or tests that are destructive in nature prevent the developer from verifying quality after delivery to the developer's facility.

2. It is not feasible or economical for the contractor to determine the quality of procured articles solely by inspections or tests performed at the contractor’s facility. 

3. Qualification tests are to be performed by the subcontractor or supplier. 
4. Products are shipped directly from the source to NASA, by-passing the contractor's inspection facilities.
7.5 Configuration Management

The contractor’s CM system (to be made available for review on request) shall control the design and hardware/software by means of drawings, specifications, and other documents and shall ensure all applicable changes are reviewed in a systematic manner to determine the validity and impact on performance, schedule and cost.  The contractor’s CM system shall have a change classification and impact assessment process that ensures Class I changes are forwarded to the NASA/GRC COTR for approval prior to release/ incorporation.  Class I changes are defined as changes that affect form, fit, function at the Customer’s external interfaces, or performance and reliability requirements as stated within this document and item specification.  

All other changes are considered to be Class II changes and shall be controlled and dispositioned by the contractor. All Class II changes shall be provided monthly to the NASA/GRC COTR for information purposes.  Any flight item that is found to be non-compliant with the safety, mission success, quality, workmanship and performance requirements of the contract shall be dispositioned via a waiver or MRB, unless the affected item is reworked to restore compliance or is replaced with a fully compliant item.  The contractor shall submit Waivers and MRBs to the NASA/GRC COTR for final approval.

7.6 Anomaly Reporting

Reporting of hardware anomalies to the NASA/GRC COTR shall begin no later than the first power application or the first cycle/actuation for mechanical items at the start of acceptance testing. The NASA/GRC COTR shall be notified within 24 hours of the initial anomaly.

The Contractor’s processes for review, disposition and approval of anomaly reports shall be described in their quality plan/manual. In addition, the contractor’s anomaly reporting document shall describe the members of the MRB and Failure Review Board (FRB), including CONNECT Project participation.  These processes shall ensure that positive corrective action has been taken to preclude recurrence and that appropriate audits and tests are performed to verify the implementation of the corrective action. 

The Contractor shall provide, as part of the monthly report, as needed, a list of all open and closed anomaly reports.   For each reported anomaly or nonconformance, there shall be a report that documents the investigation and engineering analysis needed to determine the cause and corrective actions to disposition the nonconformance, and identify any closed problem reports that do not have a definitive cause or corrective action.  Reports shall be submitted to the NASA/GRC COTR for review and approval of the disposition. 

The supplier shall establish and maintain documented procedures to ensure product that does not conform to specific requirements is prevented from unintended use or installation.  This control shall provide for identification, documentation, evaluation, segregation (when practical), disposition of nonconforming product, and for notification to the functions concerned.

7.7 Reliability Requirements

The contractor shall prepare and conduct the following set of reliability analyses.

7.7.1 Failure Modes and Effects Analysis

The Contractor shall perform a Failure Modes and Effects Analysis (FMEA) in accordance with the GLWI-QE-8720.2, Failure Modes and Effects Analysis (FMEA), Critical Item Lists (CIL), and Fault Tree Analysis (FTA), and Procedures for Performing an FMEA (MIL-STD-1629).  The FMEA shall identify failures at the functional level and address attendant consequences. This analysis shall be provided to the NASA/GRC COTR for review.
7.7.2 EEE Parts Stress Analyses

The contractor shall perform select and parts stress analyses on Electrical, Electronic, and Electromechanical (EEE) parts and devices as employed in the circuit designs of the Flight Item to certify conformance with the de-rating requirements of the Instructions for EEE Parts Selection, Screening, Qualification, and De-rating (EEE-INST-002, level 2).  The analyses shall be documented, and justification shall be included for all applications that do not meet the de-rating criteria.  The Contractor shall use the EEE Parts Selection, Screening, Qualification, and De-rating (EEE-INST-002, level 2) to establish criteria.  Contractor de-rating guidelines may be considered in place of EEE Parts Selection, Screening, Qualification, and De-rating (EEE-INST-002, level 2) guidelines but shall be submitted for approval.  Further details are available in Section 5 of the PAP, GRC-CONN-PLAN-0006.  This analysis shall be provided to the NASA/GRC COTR for review.

7.7.3 Worst-Case Analyses

The contractor shall perform worst-case parameter analyses on performance critical or functional critical components for which excessive operating variations could compromise mission performance.  The contractor shall identify the worst case analyses planned to assure the design meets critical performance and life requirements.  Adequate margins in electronic circuits, optics, electromechanical devices, or other mechanical items (mechanisms) can be verified by analysis, testing or both.  When verification by analysis is used, the analyses shall consider all parameters at worst‑case limits and worst‑case environmental conditions for the parameter or operation being evaluated.  Similarly, when verification by testing is used, the testing shall be conducted to provide as direct a measure as possible of the critical performance or function while the element is subjected to worst-case parameter variations.  Elements that may warrant worst case analysis may include: control loops that require adequate phase and gain margin to operate properly, sensitive analog circuitry, power supply or switching circuitry, motor and APS systems, electro-mechanical elements that require torque margin to operate over life and environmental variations.

7.7.4 Reliability Predictions

The contractor shall perform numerical reliability assessments of the design and of potential design options using reliability prediction techniques that include Reliability Block Diagrams (RBDs) and/or Fault Tree Analysis (FTA). The Reliability Modeling and Prediction (MIL-HBK-217) the NASA Fault Tree Handbook with Aerospace Applications, and the Reliability Prediction for Spacecraft (RADC-TR-85-229) provide guidelines for developing reliability predictions.  The predictions may use all available failure rate data, performance data, and/or failure estimates.  When estimating EEE failures, methods and techniques based on the Reliability Modeling and Prediction (MIL-HBK-217) are the preferred approach.  The contractor shall provide rationale for the use of other methods or techniques, as needed.  The contractor shall describe the level of detail of modeling or estimating that is considered suitable for performing the intended quantitative analysis.  Reliability comparisons shall be conducted for single-point failures and/or when the addition of functional or block redundancy is being considered.

7.7.5 Limited-Life Items

The contractor shall identify and manage limited-life items. Limited-life items are divided into two categories, limited operating life and limited storage life.  Limited-life items include all hardware that is subject to degradation because of limited shelf life or expected operating times or cycles such that their expected useful life is less than twice the required life when fabrication, test, storage, and mission operation are combined.  

The Project CO shall approve the use of an item whose expected life is less than twice the mission design life.

7.8 System Safety Requirements

The contractor shall follow general system safety design requirements specified in Section 4 of the PAP, CONN-PLAN-0006.

APPENDIX A DeLIverables and MILESTONE  SchedulE

To meet project milestones, the proposed schedule below is very aggressive. Each prospective contractor shall provide its schedule with the proposal.
Deliverables:

A flight qualified APS.  The APS consists of:

IGA
1. Azimuth and elevation actuators
2. S-band and Ka-band Rotary joints
3. Fixed mechanical interface 
4. Antenna structural support interface
5. Thermal control system
6. Launch lock
7. Associated electrical harnessing

GCE and associated connectors
	#
	Event
	Date

	1
	Award of Contract (AOC)
	TBD

	2
	Kick off Telecon
	AOC + 1 wks

	3
	PDR 
	AOC + 5 wks

	4
	MRR (Manufacturing Readiness/Drawings Reviews)
	AOC + 10 wks

	5
	Delivery of Loaner GCE and Single Axis Actuator
	AOC + 3 months

	6
	HAR (Hardware Acceptance Review)
	AOC + 11 months

	7
	Delivery of APS
	AOC + 12 months

	8
	
	


APPENDIX B Abbreviations and Acronyms Definition

AH Almost Home (encoder term)
APS Antenna Pointing System
BOL Beginning of Life

C Centigrade

CCB Configuration Control Board

CCR Configuration Change Request

CEVM Consumable Electrode Vacuum Melt

CM Configuration Management

CMO Configuration Management Office

dB Decibel

DDD Displacement Damage Dose

ELC ExpressLogistics Carrier

ENC Encoder

EOL End of Life

FS Factor of Safety

G Acceleration due to Gravity at Earth’s Surface (e.g. 9.81 m/s2)

GA Gimbal Actuators

GCE Gimbal Control Electronics

GEVS General Environmental Verification Standards

GSE Ground Support Equipment

GRC Glenn Research Center

H Home (encoder term)

Hz Hertz

ICD Interface Control Document/Drawing
IGA Integrated Gimbal Assembly
Kg Kilogram

Km Kilometer

Ksi Thousand Pounds per Square Inch

LED Light Emitting Diode

μm Microns

mA Milliamperes
Mils Thousandths of an Inch

Mpa Megapascal

MTR Motor

NIEL Non-Ionizing Energy Loss

OP Output

PPS Pulses per Second

QA Quality Assurance
RJA Rotary Joint Assembly
SC Spacecraft

SEB Single Event Burnout

SEE Single Event Effect

SEECA Single Event Effect Criticality Analysis

SEL Single Event Latch up

SEU Single Event Upset

SHE Single Hard Error

TF int max Maximum Internal Friction Torque

TID Total Ionizing Dose

VAC Volts, AC

Vdc Volts, DC

Vds Drain Source Voltage

Vth-hi Logic State High

Vth-low Logic State Low

W Watts

Deployed





Stowed
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