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1Appendix A.  Abbreviations and Acronyms




1.0 INTRODUCTION

1.1 General Information

The National Aeronautics and Space Administration (NASA) has the stated mission to design, develop, integrate, launch, and operate the Lunar Reconnaissance Orbiter (LRO).

This document defines the work to be performed for the delta qualification of the Attitude Control (ACS) Thruster for the Lunar Reconnaissance Orbiter (LRO).  The ACS thruster is a five (5) pound  (22N class) monopropellant hydrazine thruster.  The delta qualification unit will be supplied by NASA/GSFC.

1.2 General Requirements

The vendor shall provide the facilities, personnel, services, tools, equipment, and materials necessary to perform the following delta qualification hot fire testing of the attitude control thrusters, as well as documentation of the test plans and the results of the testing.

1.3 Documents

All applicable and reference documentation identified in this document shall apply in the situations where they are specifically referenced.  

1.3.1 Applicable Documents

431-PLAN-000131
Spacecraft/Orbiter Performance Assurance Implementation Plan

431-RQMT-000174
Lunar Reconnaissance Orbiter Mission Assurance Requirements

1.3.2 Reference Documents

ANSI/ASQ9001-2000
Model for Quality Assurance Design, Development, Production, Installation, and Servicing

GPR-8730.1
Calibration and Metrology GSFC Procedural Requirements

MIL-PRF-26536E
Performance Specification, Propellant, Hydrazine

MIL-PRF-27407B
Propellant, Helium, Pressurizing Agent

MIL-STD-810
Environmental Engineering Considerations and Laboratory Tests

2.0 Management, Reporting, Documentation and Reviews

2.1 Management and Reporting

The vendor shall designate a single individual who will be given full responsibility and authority to manage and administer all phases of the work specified by the contract and ensure that all objectives are accomplished within schedule and cost constraints.

The vendor shall designate and identify by name a single individual who shall serve as a point of contact with the National Aeronautics and Space Administration (NASA)/Goddard Space Flight Center (GSFC) Contracting Officer’s Technical Representative (COTR) for all technical aspects of the insertion thruster contract.

The vendor shall provide for managing all resources, controlling schedules, managing all engineering, manufacturing and procurement activities, configuration management, Quality Assurance (QA), documentation control, and distribution.

The vendor shall prepare and present to the NASA/GSFC COTR monthly status via telecon and a written report.  The report shall be a summary presentation of the period's progress, problem areas, and activities on-going and planned.  The vendor shall generate a list of significant milestones that will enable the NASA/GSFC COTR to ascertain program progress.

2.2 Documentation

The vendor shall ensure the generation and delivery of all documentation as called for in the contract.  In addition to that documentation specifically called for in the contract, upon request by the NASA/GSFC COTR, the vendor shall make available a copy of any document or data generated during this contract performance for review by GSFC at either the vendor'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.

2.3 Reviews and Meetings

2.3.1 Kick-off Review

The vendor shall organize and present a Kick-off Review to a GSFC Review Team at the vendor’s facility on a date defined in the contract.  This review shall outline what is expected in terms of the testing described in this document.  This review shall cover programmatic, technical, and QA topics. 

2.3.2 Test Readiness Review

The vendor shall organize and conduct a Test Readiness Review (TRR) at the vendor’s facility before the test program begins.  This review shall demonstrate overall conformance of the proposed test plan to this document. 

2.3.3 Post-Test Review

The vendor shall hold a Post-Test Review (PTR) at the vendor's facility at the completion of tests.  A Data Delivery Package (reference 3.2) shall be presented for review at the PTR.

2.3.4 Technical Interchange Teleconferences

The vendor shall plan for weekly informal teleconferences with GSFC.  These teleconferences shall cover schedule and technical status.  

2.4 Notification to NASA/GSFC Contracting Officer and Contracting Officer’s Technical Representative

The vendor shall notify the NASA/GSFC COTR at least seven (7) calendar days in advance of all test activities to allow timely participation by the NASA/GSFC QA activates.

3.0 ENGINEERING

The vendor shall perform the following testing to ensure the lifetime capabilities of the thrusters and shall also assemble the documentation necessary to ensure its usability by NASA/GSFC.  The work described herein on the thrusters shall result, at a minimum, in the following technical documentation, as required in the contract.  Vendor format is suitable for this documentation. 

3.1 Test Readiness Review Presentation Package

The vendor shall provide a Test Readiness Review Presentation Package prior to the manufacturing program.  The Test Readiness Review Presentation Package shall address all program management, test, data analysis, and quality assurance activities outlined in this SOW in sufficient detail to ensure that the proposed testing conforms to all requirements and is ready for to begin.  At a minimum, the package should cover the following areas:

· Program Management

· Quality Assurance

· Schedule 

· Compliance Verification Matrix

· Facilities

· Test Plan

· Materials and Processes

· Example Data Analysis (preliminary example)

3.2 Test Data Delivery Package 

The Test Data Delivery Package shall be made available for review during mandatory inspections (which will be selected during the TRR) and PSRs for each of the different 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:

· Problem/anomaly reporting (complete copies of report)

· Class I Failure Review Boards (FRBs) (complete copies of reports)

· Log of total operating time and cycle history

· List and status of all identified Life-Limited Items

· All test data and reports (including data analysis)

· Post-test Thruster Inspection reports

· Propellant certification and assay report

3.3 Test Plan 

A Test Plan shall be generated by the vendor to perform the tests identified in this document.  The plan should include a test matrix summarizing all tests that will be performed on the thrusters. 

This plan shall be a vendor controlled document.  After the Test Plan is approved, no changes shall be made without written NASA/GSFC COTR approval.

3.4 Test Procedures 

The vendor shall generate Test Procedures as needed.  The procedures shall be step‑by‑step instructions for performing tests outlined by the Test Plan.  The procedures should define the environmental conditions for the tests, required equipment and facilities, test constraints, electrical ground support equipment (EGSE), MGSE, use of diagnostic or performance test software, operating conditions, tolerance on all input stimuli, data to be recorded and pass/fail limits.  Test procedures shall also include Safe-to-Mate procedures to verify that ground support equipment (GSE) can safely be mated to interfaces and that interfaces are safe to accept mating with the GSE.

Test Procedures shall be vendor controlled documents and shall be available for review at the contractor’s facility. 

4.0 Delta Qualification Testing

NASA shall provide an LRO ACS thruster for the purposes of delta qualification testing to match the worst-case on-orbit use.  Goddard best practices are to “test as you fly”.  In order to best simulate the delta qualification of the ACS thruster for LRO, random vibration tests shall be performed as an OPTION, to simulate both the acoustic testing of the spacecraft on the ground (minimum duration of 1 minute), and the actual launch environment (minimum duration of 5 minutes).  These two vibration periods may be combined at the contractor’s discretion.  The spectrum to use is shown in Table 1.

Table 1.  Spectrum required for both random vibrations to be performed as an option.
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Protoflight/Qual Level

Acceptance Level

20 0.026 g'/Hz 0.013 g'/Hz
20 - 50 +6dB/Octave +6dB/Octave
50 - 800 0.160 g"/Hz 0.080 g /Hz
800 - 2000 -6dB/Octave -6dB/Octave
2000 0.026 g'/Hz 0.013 g'/Hz
Over All 14.1 grms 10.0 grms





The most important part of the delta qualification testing is hot fire testing to bound the worst case conditions for the thruster.  In cases where the worst case is bounded be either pulsing or steady state burns, the pulsing cases have been chosen (MCC, LOI Engineering Burn, and Station Keeping).  The Vendor shall perform testing to match the pulse commands and inlet pressures described in this section.  

Testing shall be both pulsed and steady state.  Sight glasses or flowmeters shall be used where relevant and/or if sufficient pulses are performed to obtain a measurement with the sight glass.  The propellant shall be high purity hydrazine pressurized and saturated with Helium.  The suppression voltage shall be selected according to the vendor’s standard practices, and upon agreement with the COTR.
The pulse trains are shown in Table 2.  All pulses are based on a 0.2 second pulse cycle time (for example, an ON time shown of 0.05 seconds will be followed by a 0.15 second OFF time).  If the pulse durations listed exceed the 0.2 second cycle, these are steady state burns.  The vendor may perform the pulse trains for any given maneuver in any order, per agreement with the COTR.  Any deviations during testing shall also be upon agreement with the COTR.

The start temperature for each maneuver shall be 400±20 F at the catalyst bed, and this temperature shall be on the ramp up (not during cool down from the previous maneuver).  For example, after the “MMC Engineering Burn”, the catalyst bed shall be allowed to cool down until it is at 380 F or below, at which point the catalyst bed heaters shall be turned on to warm the thrusters back up to 400 F, at which point the MCC Pulses may be started.
Table 2.  Qualification Test Specifications
	Maneuver
	Pulse Duration (s)
	Inlet Pressure (psia)
	Number of pulses

	MCC Engineering Burn.
	46.0
	170
	1

	MCC Pulses
	0.15
	100
	6000

	LOI Engineering Pulses
	0.06
	272
	5

	
	0.07
	272
	118

	
	0.08
	272
	2

	LOI 1 (310961)
	0.02 
	272
	7

	
	0.03
	272
	3

	
	0.04
	272
	3

	
	0.05
	272
	4

	
	0.06
	272
	157

	
	0.07
	272
	3384

	
	0.08
	272
	43

	LOI 2 (311061)
	0.02 
	272
	6

	
	0.03
	272
	4

	
	0.04
	272
	4

	
	0.05
	272
	26

	
	0.06
	272
	3052

	
	0.07
	272
	479

	
	0.08
	272
	30

	LOI 3 (320401)
	4
	272
	1

	LOI 4 (310121)
	0.02 
	272
	6

	
	0.03
	272
	4

	
	0.04
	272
	3

	
	0.05
	272
	274

	
	0.06
	272
	3304

	
	0.07
	272
	2666

	
	0.08
	272
	2341

	
	0.09
	272
	2144

	
	0.1
	272
	1974

	
	0.11
	272
	1946

	
	0.12
	272
	903

	LOI 5 (310261)
	0.02 
	272
	8

	
	0.03
	272
	3

	
	0.04
	272
	4

	
	0.05
	272
	1215

	
	0.06
	272
	2336

	
	0.07
	272
	35

	LOI 6 (310361)
	0.02 
	272
	8

	
	0.03
	272
	4

	
	0.04
	272
	4

	
	0.05
	272
	3537

	
	0.06
	272
	48

	LOI 7 (310461)
	0.02 
	272
	7

	
	0.03
	272
	3

	
	0.04
	272
	3

	
	0.05
	272
	78

	
	0.06
	272
	3394

	
	0.07
	272
	61

	
	0.08
	272
	16

	
	0.09
	272
	39

	LOI 8 (310561)
	0.02 
	272
	7

	
	0.03
	272
	3

	
	0.04
	272
	2

	
	0.05
	272
	41

	
	0.06
	272
	3394

	
	0.07
	272
	119

	
	0.08
	272
	35

	LOI 9 (310661)
	0.02 
	272
	7

	
	0.03
	272
	3

	
	0.04
	272
	4

	
	0.05
	272
	99

	
	0.06
	272
	3444

	
	0.07
	272
	20

	
	0.08
	272
	24

	LOI 10 (310761)
	0.02 
	272
	7

	
	0.03
	272
	3

	
	0.04
	272
	2

	
	0.05
	272
	4

	
	0.06
	272
	247

	
	0.07
	272
	3296

	
	0.08
	272
	41

	
	0.09
	272
	1

	LOI 11 (310861)
	0.02 
	272
	6

	
	0.03
	272
	3

	
	0.04
	272
	3

	
	0.05
	272
	43

	
	0.06
	272
	3092

	
	0.07
	272
	419

	
	0.08
	272
	29

	
	0.09
	272
	6

	LOI 12 (311161)
	0.02 
	272
	4

	
	0.03
	272
	5

	
	0.04
	272
	3

	
	0.05
	272
	3

	
	0.06
	272
	4

	
	0.07
	272
	651

	
	0.08
	272
	2891

	
	0.09
	272
	30

	
	0.10
	272
	10

	LOI 13 (311261)
	0.02 
	272
	4

	
	0.03
	272
	4

	
	0.04
	272
	3

	
	0.05
	272
	3

	
	0.06
	272
	27

	
	0.07
	272
	1651

	
	0.08
	272
	1007

	
	0.09
	272
	22

	
	0.10
	272
	18

	LOI 14 (311361)
	0.02 
	272
	5

	
	0.03
	272
	3

	
	0.04
	272
	2

	
	0.05
	272
	1

	
	0.06
	272
	15

	
	0.07
	272
	30

	
	0.08
	272
	247

	
	0.09
	272
	55

	
	0.1
	272
	14

	
	0.11
	272
	10

	
	0.12
	272
	12

	
	0.13
	272
	21

	MOI 1 (320101) 
	720.2
	272
	1

	MOI 2 (320201)
	298
	272
	1

	MOI 3 (320401)
	187.8
	272
	1

	Station Keeping Pulses 1
	0.15
	272
	1500

	Station Keeping Pulses 2
	0.15
	272
	1500

	Station Keeping Pulses 3
	0.15
	272
	1500

	(
	(
	(
	(

	Repeat these 26 times as 
	(
	(
	(

	Separate maneuvers
	(
	(
	(

	(
	(
	(
	(

	Station Keeping Pulses 26
	0.15
	272
	1500

	 H Maneuvers
	0.02
	272
	2934

	Extended Mission SK
	300
	272
	10

	Extended Mission  H
	0.02
	272
	1135


The catalyst beds shall be examined by both X-ray and N-ray testing at the conclusion of qualification testing.  Functional testing shall be performed on the valves at the end of testing to measure response time and resistances to verify that there has been no damage to the valves.

The thruster shall be fully decontaminated at the end of the qualification testing and returned to NASA GSFC.

All results are for information only.  The data analysis shall be formatted according to standard vendor practices, and the data sheets shall be included in the test data delivery package.  The hot fire data shall include thrust, chamber temperature, mounting flange temperature, and catalyst bed temperature.  Flowmeters shall be used for all of the steady state tests to provide steady state specific impulse.  The delivery of Isp and/or impulse data for the pulsed tests shall be per agreement with the COTR.  

As an additional option, the vendor shall perform X-ray and N-ray tests for any contingency scenarios, such as decreased performance during the hot fire testing.  The decision to stop testing and perform the x-ray and N-ray tests shall be up to the NASA COTR.

5.0 Quality Assurance 

5.1 General Requirements 

5.1.1 Quality Assurance Plan/Manual

The SC Developer and its vendors shall define and implement a Quality Management System (QMS) that is based on American National Standards Institute (ANSI)/American Society for Quality Control (ASQC) Q9001-2000, Quality Systems-Model for Quality Assurance in Design, Development, Production, Installation and Servicing, that properly encompasses the SC Developer’s flight hardware and software.  This QA manual shall be provided to the NASA/GSFC COTR for review.
 
The LRO Project Office intends to allow vendors to use their own ANSI/ASQC Q9001 compliant system and procedures to the fullest extent possible, provided the requirements of this document are satisfied.
 
The International Standards Organization (ISO) 9001 Quality Standard specifies requirements, which determine what quality elements quality systems have to encompass, but it allows significant flexibility in determining which requirements actually apply and how they are implemented. It is intended that the use of the ISO 9001 Quality Standard will also allow the SC Developer to concentrate on value added quality activities.

The vendor shall meet all applicable quality assurance requirements in Lunar Reconnaissance Orbiter Spacecraft/Orbiter Performance Assurance Implementation Plan (431-PLAN-00131), Lunar Reconnaissance Orbiter Mission Assurance Requirements (431-RQMT-000174), and Calibration and Metrology GSFC Procedural Requirements (GPR-8730.1).
5.1.2 Surveillance of the Vendor 

The work activities and operations of the vendor, sub-vendors, and suppliers are subject to evaluation, review, survey, and inspection by GSFC representative.

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

5.1.2.1 Government Source Inspection

The Government may elect to perform inspections at a supplier's facilities. 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 vendor receipt of any supplier/subvendor orders.  The Government representative shall also be notified 48 hours in advance of the time that articles or materials are ready for inspection or test.

5.1.2.2 Government Mandatory Inspection Points

The Government or its representative will inspect all of the testing.  The Government may request additional MIPs as needed.

5.1.3 Configuration Management 

The vendor’s Configuration Management (CM) system (available for review on request) shall control the test planning and test execution 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 vendor’s CM system shall have a change classification and impact assessment process that ensures Class I changes are forwarded to the Contractor Officer (CO) for approval prior to release/incorporation.  Class I changes are defined as changes that affect the test plan.  

All other changes are considered to be Class II changes and shall be controlled and dispositioned by the vendor.  NASA/GSFC reserves the right to review all Class II changes for technical content to ensure the proper classification has been assigned.  Anomaly Reporting 

Reporting of test anomalies to the NASA/GSFC COTR shall begin no later than the start of testing. The NASA/GSFC COTR shall be notified within 24 hours of each anomaly.

The vendor’s processes for review, disposition and approval of anomaly reports shall be described in their quality plan/manual or provided as a supplemental document.  In addition, the vendor’s anomaly reporting document shall describe the members of the Failure Review Board (FRB).  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 vendor shall routinely inform the LRO Project of FRB meeting schedules and agendas with sufficient notice to permit LRO Project participation.  

At the vendor’s facility, NASA/Government representatives may participate in MRB/FRB activities as deemed appropriate by Government management or contract.

The NASA/GSFC COTR reserves disapproval rights on MRB and FRB decisions. To assure process consistency, the vendor shall provide the LRO Project access to their anomaly-reporting database upon request.

The vendor shall provide, as part of the monthly report, a list of all open anomaly reports and a separate list of the anomaly reports closed during the month.   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 and risk mitigation.   Reports shall be submitted to the NASA/GSFC COTR for review and approval of the disposition. 

5.2 System Safety Requirements 

The vendor shall supply detailed descriptions of the design, test, operation and inspection requirements for all testing, materials, GSE, and hardware necessary for a valid identification, assessment, control and mitigation of documented hazards.  This includes technical information concerning hazardous and safety critical equipment, systems, operations, handling and materials.  For all identified hazards, the vendor shall also document hazard controls, verifications and tracking methods.
The vendor shall provide technical support to the LRO Project for safety working group and technical meetings as necessary in conjunction with TIMs.

5.3 Workmanship Standards and Processes

5.3.1 Workmanship: Use of Alternate Workmanship Standards 

GSFC recognizes that the vendor may have an established workmanship program equivalent to the specific standards cited herein. In these instances, the vendor may use existing standards upon review and approval by the NASA/GSFC COTR.   It must be established that the developer’s workmanship program fully encompasses the specific requirements of this section. It is the vendor’s responsibility to list all deviations from the baseline workmanship standards and to provide data supporting their position/rationale. 

5.3.2 Training and Certification of Vendor Personnel

All personnel performing work on flight hardware requiring a prerequisite set of skills and competency shall be certified as having completed the required training, appropriate to their involvement. 

Hardware Handling, Cleaning and Packaging

The handling of flight hardware shall be performed by qualified personnel in accordance with approved procedures that address cleaning, handling, packaging, tent enclosures, shipping containers, bagging, and purging.  Compatible packaging shall be selected so that hardware is not contaminated or otherwise degraded during shipping or storage.  All personnel working on flight hardware shall be certified as having completed the required training and competency certifications prior to handling any flight hardware. This includes, but is not limited to, workmanship, clean room and electrostatic discharge (ESD) awareness courses.

5.4 Problem and Failure Notification

The vendor shall provide problem and failure reporting data to NASA/GSFC COTR within 72 hours of any failure determination. 

5.5 Contamination control requirements 

The vendor shall establish the specific cleanliness requirements needed to maintain the validity of the delta qualification testing.

6.0 Handling, Storage, Packaging, Preservation, and Delivery 

The thruster 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.

Vendor is responsible for returning the GFP shipping container that protects the hardware appropriately. 

While in a shipping container, the thrusters shall be wrapped in a non-ESD-generating vapor barrier.

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

· All test anomaly reports and FRBs are completed and closed.

· Evidence exists that packaging is in compliance with requirements.

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

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

The vendor’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 vendor shall ship Freight On Board (F.O.B.) NASA/GSFC Greenbelt, Maryland.  The vendor has the responsibility for any damage incurred during shipment.  The thruster shall be shipped to the attention of the COTR at NASA GSFC. 

Appendix A.  Abbreviations and Acronyms

	Abbreviation/ Acronym
	Definition

	CM
	Configuration Management

	CO
	Contracting Officer

	COTR
	Contracting Officer’s Technical Representative

	ESD
	Electro- Static Discharge

	FRB
	Failure Review Board

	FMEA
	Failure Modes and Effects Analysis

	F.O.B.
	Freight On Board

	GFP
	Government Furnished Property

	GSE
	Ground Support Equipment

	GSFC
	Goddard Space Flight Center

	I&T
	Integration & Test

	ICD
	Interface Control Document

	ISO
	International Standards Organization

	LRO
	Lunar Reconnaissance Orbiter

	MIP
	Mandatory Inspection Point

	MRB
	Material Review Board

	NASA
	National Aeronautics and Space Administration

	PER
	Pre-Environmental Review

	PSR
	Pre-Ship Review

	QA
	Quality Assurance

	SOW
	Statement of Work

	TIM
	Technical Interchange Meeting
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