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1.0
GENERAL
1.1
Introduction
The X-33 Program will implement Section III, paragraph 2(a) of the National Space Transportation Policy which states: “The objective of NASA’s technology development and demonstration effort is to support government and private sector decisions by the end of this decade on development of an operational next-generation reusable launch system.”  This policy was signed on August 4, 1994 and implemented on July 2, 1996  when Lockheed Martin Skunk Works (LMSW) signed a cooperative agreement with NASA to design, manufacture and fly the X-33.  The X-33 Program is a fast-paced effort to demonstrate the key technology, design, and operational aspects of a Single Stage to Orbit (SSTO) Reusable Launch Vehicle (RLV) rocket system through three phases.  Phase I, now completed, was a 15-month competitive demonstration of critical technologies.  It included development of program plans for ground and flight demonstrations to be executed in Phase II.  LMSW was selected as the single industry team to continue into Phase II.  At the end of Phase II, the decision will be made whether Phase III, the full-scale operational RLV development phase, will be implemented.

This document is the Marshall Space Flight Center’s (MSFC) Safety and Mission Assurance Plan (SMAP) for the X-33 Program, “Advanced Technology Demonstrator.” 

The result of the activities outlined in this plan will provide an assessment of the overall safety readiness of the X-33 Program for flight testing to the Customers defined below. 

1.2
Objectives

Safety and Mission Assurance (S&MA) will, through insight, ensure that risk assessment and management, quality surveillance, reliability and maintainability analysis, and system safety activities are implemented in the X-33 Program per the Cooperative Agreement  plans and requirements.  

The objectives of the MSFC S&MA activity are to ensure:

· Compliance with LMSW Quality Plan (604D0018).

· Compliance with LMSW Risk Management Plan (604D0019).

· X-33 Range Safety Requirement.

· Safety processes are in-place to protect ground personnel and to prevent mishaps.

· Compliance with LMSW Reliability and Maintainability Plan (604D0095).

· Compliance with LMSW System Safety Program Plan (604D0013)

· Compliance with LMSW Flight Assurance Plan 

1.3
Customer Definition and Advocacy
The customers are the MSFC Center Director, X-33 Program Manager, Associate Administrator for Code Q, the industry partners and the general public.  This plan will identify the planning and implementation necessary to satisfy these customers.

1.4
Agreement

The X-33 is an industry led program through a Cooperative Agreement between NASA and LMSW.  MSFC is the lead NASA Center for the X-33 Program.  The responsibility for determining how the program will be implemented and the accountability for meeting program milestones resides with LMSW.  LMSW has complete design authority for both the X-33 and the operational RLV.  Legislation that provides for the U.S. Government to indemnify the vehicle requires NASA to monitor and obtain insight for all safety aspects of the X-33 Program.
One of the unique features of the Cooperative Agreement is that NASA Centers support the industry team through task agreements that are negotiated between LMSW and the individual NASA Centers.  These agreements define NASA’s products, delivery schedule, and facility requirements.  There are currently over one hundred task agreements involving all ten NASA Centers.  Additionally, there are Department of Defense (DoD) task agreements involving the Air Force Flight Test Center, Michael Army Air Field, Malstrom Air Force Base, and Wright Aeronautical Laboratory.

MSFC, in addition to being the Lead NASA Center through the Cooperative Agreement,  also supports  LMSW through Task Agreements.  MSFC S&MA has Task Agreements to provide reliability predictions, fault tree analyses, Failure Mode and Effects Analysis (FMEA)/Critical Items Lists (CILs) and system safety to LMSW for the X-33. These Task Agreements are listed in Appendix C. 

1.5
MSFC S&MA Authority 

MSFC’s S&MA Office is responsible for safety and mission assurance for all programs and projects assigned to MSFC.  This Plan identifies the method in which the MSFC’s S&MA Office will establish, to the satisfaction of the administrator, that appropriate safety procedures and practices are being followed in the development of the X-33 vehicle. 

MSFC S&MA has the necessary authority to act upon or perform the following:

I.  Plan and oversee NASA S&MA involvement in the X-33 Program.

II.  Review corrective actions taken to mitigate critical and catastrophic hazards and monitor the following:


A.
Quality


B.
Programmatic risk


C.
Reliability


D.
Maintainability

E.  
Mishaps and Malfunctions

III.  Review and make recommendations to the X-33 Program Office and NASA Headquarters regarding safety requirements, quality, reliability, maintainability, risk management, waivers, and deviations.

IV.  Monitor the X-33 program quality, risk management, reliability, maintainability, and system safety activities. 

V.  
Analyze system design and monitor program test activities as necessary. 

2.0
APPLICABLE DOCUMENTS
Documents identified below may be used in implementing this Plan.

NASA/LMSW Cooperative Agreement (No. NCC 8-115)

MSFC X-33 Program Plan ISO-STP-07 *

X-33 Range Safety Requirements 

Range Safety Requirements (EWR 127-1)*

MSFC Quality Manual *

MSFC-P06.1-C07 - External Quality and Process audits of Contractors, Suppliers, and Vendors *

MSFC-P06.1-C10 - NASA Engineering and Quality Audits *

MIL-STD-882C - System Safety Program Requirements *

LMSW X-33 Systems Requirements Document (604D0007)

LMSW X-33 Risk Management Plan (604D0019)

LMSW X-33 Flight Test Plan (604D0035A)

LMSW X-33 Safety Plan (604D0013 Rev. B)

LMSW X-33 Reliability & Maintainability Plan (604D0095)

LMSW X-33 XRS2200 Product Assurance Plan

LMSW X-33 Quality Plan (604D0018)

Task Agreements (Appendix C)

Program Commitment Agreement

* These documents are not included in the Cooperative Agreement;  however, they may be used by MSFC S&MA for guidance.

3.0
MANAGEMENT 
The overall management of the X-33 Program is the responsibility of LMSW, supported by NASA X-33 Program Management.  MSFC S&MA is responsible for NASA S&MA X-33 Program activities. The MSFC S&MA Director is responsible for the development and implementation of this plan.

MSFC S&MA has insight through an on-site S&MA lead at LMSW.  The S&MA Lead reports to MSFC S&MA and coordinates with the NASA Program Manager at the LMSW facility located in Palmdale, CA.  All NASA S&MA day-to-day activities are coordinated through the MSFC S&MA Lead.  This includes Task Agreements with LMSW which are S&MA related.  Figure 1 illustrates inter-relationship and lines of communication of the MSFC S&MA organization in support of the X-33 Program.  The solid lines represent direct reporting and the dashed lines show lines of communication and coordination.

[image: image1.wmf]NASA

Code Q

MSFC

Center

Director

NASA

Code R

MSFC

S&MA

NASA X-33

Program Mgmt.

DRFC

(MOA)

MSFC 

Task

Agreements

X-33

S&MA Lead

(On-site)

Lockheed Martin

Industry Partner


Figure 1:  MSFC S&MA Management Interfaces

4.0
IMPLEMENTATION APPROACH
The S&MA participation on X-33 is primarily through task agreements.  However, as a result of a recent amendment to the Space Act to indemnify X-programs against liability, NASA is now taking on a more active role in assessing program safety. To achieve this new level of visibility into the program, certain aspects of NASA’s participation on the program have been revised.  As defined below, S&MA will review and assess the X-33 Quality, Reliability, Safety and Risk Management programs, documentation, and products.  An independent assessment of all S&MA related activities will be presented to NASA management to verify that all safety requirements have been met as defined in the Cooperative Agreement based on the surveillance of selected LMSW activities.  

4.1
Surveillance 
The surveillance defined herein is applicable to the X-33 activities and work elements performed by LMSW and their team members.  MSFC S&MA will perform surveillance of selected LMSW activities (i.e., hardware, software, manufacturing, test, launch and landing operations, logistics, etc.) to ensure that program requirements are being fulfilled. Insight into program effectiveness will be maintained utilizing an ongoing surveillance process and documented in surveillance reports to both LMSW and MSFC. 

4.1.1
Surveillance Objective

Surveillance will provide an accurate assessment of X-33 program management, manufacturing, test, integration, processing and launch activities.  The implementation of the LMSW Risk Management, Quality, Reliability and System Safety programs will be examined to define and mitigate program risk and quality concerns relative to X-33 flight operations.

4.1.2
Responsibility
MSFC S&MA shall be responsible for planning, coordinating and implementing all X-33 NASA surveillance activities. These responsibilities shall include:

a.  Identify the need for surveillance.

b.  Scheduling and coordinating surveillance activities.

c.  Perform surveillance functions and report findings.

d.  Establishing and maintaining effective lines of communication.

e.  Develop surveillance schedules.

4.2
Quality Assurance
4.2.1
Objectives
MSFC S&MA will perform surveillance’s of the X-33 Quality Plan (604D0018) and selected activities (i.e., hardware, software, manufacturing, test, launch and landing operations, logistics, etc.) to ensure that program output and results meet requirements through insight.

4.2.2
Task
As a minimum, the following tasks will be performed:

· Assess acceptance data for liquid hydrogen vessel.

· Assess engine verification data and build records.

· Assess acceptance data for the launch site activation.

· Assess acceptance of Thermal Protection System (TPS) data.

· Assess X-33 manufacturing and assembly processes.

· Assess X-33 acceptance data.

4.2.3
Deliverables 
MSFC S&MA shall make the following deliverables:
· Assessment report of hydrogen vessel data.

· Assessment report of engine records.

· Assessment report of launch site activation data.

· Assessment report of TPS data.

· Assessment report of manufacturing and assembly processes.

4.3
Reliability and Maintainability
4.3.1
Objective
The LMSW X-33 Reliability & Maintainability (R&M) Plan (604D0095) is applicable to the X-33 activities and work elements performed. MSFC S&MA will monitor X-33 program R&M activities and documentation (i.e., Modeling, Prediction, FMEA, CIL, etc.) to ensure that R&M requirements meet program needs.  Insight into program effectiveness will be maintained utilizing an ongoing surveillance process and documented in surveillance reports to both X-33 Program Management and MSFC. 

4.3.2
Tasks

As a minimum, the following tasks will be performed.

· Assess the Failure Modes Effects Analysis and the Failure Mode and Effects Criticality Analysis (FMECA).

·  Assess the CIL.

·  Assess the Fault Tree Analysis (FTA).

·  Assess the Problem Reporting and Corrective Action (PRACA) System.

·  Assess the Maintainability and Life Criteria Plans

·  Assess the Reliability Predictions. 

4.3.3
Deliverables

The S&MA lead shall make the following deliverables:
· Assessment report of the FMEA and/or FMECA.

· Assessment report of the CIL.

· Assessment report of the FTA.

· Assessment report of Reliability Prediction Documentation.

· Assessment report of PRACA.

· Assessment report of Maintainability Program Documentation.

· Assessment report of the Life Criteria Documentation.

· Assessment report of  the Failure Reporting and Corrective Action System (FRACAS)

· Task Agreement Accomplished - Reliability Task  (See Appendix D)

4.4
System Safety
4.4.1
Objective
The System Safety task for this program will be accomplished in accordance with the guidelines detailed in the LMSW System Safety Program Plan (SSPP), Document Number 604D0013.  The SSPP describes the tasks and activities of system safety management and engineering required to identify, evaluate, and eliminate hazards, or reduce the associated risk to a level acceptable to Lockheed Martin and NASA Program Management.  The LMSW SSPP provides direction to LMSW and all associate contractors as to the accomplishment of the system safety program.

MSFC S&MA will monitor the X-33 System Safety Program to ensure that it meets 

X-33 program needs.

System and range safety insight is required as follows:

I.  System Safety

A.
System Safety Working Group (SSWG)
B.
Hazard Analyses 
C.
Safety issues 
D.        Other System Safety Activities

II.  Range Safety

A.
Debris Impact/Public Safety/Risk Mitigation
B.
Flight Termination System (FTS)
C.
Other Range Safety Activities
III.  Flight Working Group (FWG)

4.4.2
Tasks

As a minimum, the following tasks will be performed.  

· Develop Safety Assessment Plan and Schedule

· Assessment of Vehicle Hazard Records

· Assessment of Ground Operation Hazard Records

· Assessment of Range Safety Plan

4.4.3
Deliverables
· Safety Assessment Plan and Schedule

· Assessment report of the Vehicle Hazard Records

· Assessment report of the Ground Operations Hazard Records

· Assessment report of the Range Safety Plan

4.5
Risk Management
The X-33 Risk Management system is the responsibility of the X-33 Program and is as defined in the LMSW Risk Management Plan (604D0019).

4.5.1
Objective
S&MA will review the risk management process to ensure compliance with specified requirements and to assess risk mitigation.

4.5.2
Tasks

As a minimum the following tasks will be performed.

· Develop surveillance plan and schedule
· Assess the general requirements and process flow

· Ensure safety critical issues are assessed and closed

4.5.3
Deliverables
· Surveillance Plan and schedule 
· Assessment Reports

· Final assessment report on the overall safety of the X-33 Program based on the surveillance of selected LMSW activities 

5.0
SCHEDULES AND MILESTONES
To ensure proper coordination and timely submittal of deliverables,  S&MA will maintain the MSFC S&MA Schedule (Table 1).  MSFC S&MA will be responsible for the coordination of all NASA safety, reliability, and quality assurance activities. This schedule is developed to the level of detail necessary to provide useful management information.




Appendix A

Response to NASA Code Q X-33 Safety & Mission Assurance Review 

(NOTE:  Paragraph numbers below refer to the Code Q Report)
7.2  NASA Safety & Mission Assurance Insight.

Recommendation 1: Establish a continuing and on-site S&MA support function, reporting directly to the NASA X-33 Program Manager and on a “dotted line” to the MSFC S&MA Director.

Response:  The original recommendation from the S&MA Assurance Review stated that the S&MA support function should have a “hard line” to the NASA X-33 Program Manager and a “dotted line” to the MSFC S&MA Director.  However, upon further review, MSFC, in agreement with the NASA X-33 Program Manager, decided that in order to maintain independence from the Program Office, the S&MA function should have a “hard line” to the MSFC S&MA Director and a “dotted line” to the X-33 Program Manager.  

Recommendation 2: Establish a supporting infrastructure as necessary to fulfill the insight role and responsibility of this S&MA support function.

MSFC has established a Resident Office on-site at the LMSW facility where the MSFC On-Site Resident CR85/S&MA Lead will reside.  His responsibilities are addressed in  section 3.0 of this X-33 SMAP and in Figure 1 which illustrates organizational and functional relationships.   Section 4.0 describes implementation of the task necessary to fulfill the insight role.

Recommendation 3: Implement these measures as soon as possible.

Response:  MSFC has implemented each of the referenced measures.

7.3  X-33 Program Commitment Agreement.

Recommendation:  The review team recommends that the X-33 Phase II PCA, currently in a revision cycle, be modified to include a new paragraph as follows:

Safety and Mission Assurance Insight

“The NASA Associate Administrator for Safety and Mission Assurance is responsible for maintaining insight into issues affecting flight safety, public safety, and mission success.   The Program Manager and Enterprise Associate Administrator remain ultimately responsible for assuring safety and managing program risk.”

Appendix A (continued)

Response:  MSFC S&MA understands that the above quoted paragraph is being included in the next revision of the X-33 Phase II PCA and is working to that end.  MSFC S&MA and the MSFC On-Site Resident CR85/S&MA Lead fully understand and support the need to proactively consider all issues affecting flight safety, public safety, and mission success as is demonstrated in the X-33 SMAP.  (Reference paragraph 3.0.)

7.4  Safety of Flight Issues

Recommendation:  The review team recommends that NASA S&MA insight support personnel:

· Participate in Flight Working Group Activities

· Participate in System Safety activities

· Participate in FTS redundancy deliberations and discussions

· Develop an understanding of FTS reliability and failure modes

· Participate in Flight Approval Process as defined in the Flight Assurance Plan 

Response:  The X-33 SMAP addresses each of the above issues in paragraph 4.4.1, Objectives, which describes how this support will be implemented.
Appendix B

MEMORANDUM OF AGREEMENT

BETWEEN

MARSHALL SPACE FLIGHT CENTER

AND

DRYDEN FLIGHT RESEARCH CENTER

FOR SYSTEM SAFETY,

RANGE SAFETY, SOFTWARE ASSURANCE AND

LIMITED QUALITY ASSURANCE

ON THE

X-33 PROGRAM

SUBJECT:  MSFC/DFRC Memorandum of Agreement (MOA) for System Safety, Range Safety, Software Assurance and limited Quality Assurance support and insight on the X-33 Program.

PURPOSE:  The intent of this MOA is to establish the responsibilities and relationships between MSFC and DFRC for Safety and Mission Assurance (S&MA).

BACKGROUND:  The X-33 vehicle is scheduled to start flight test in July 1999.  The Objectives of the flight tests are to obtain data on a representative scale model of the Reusable Launch Vehicle (RLV) with representative aerospike engines.  These data will be used in the decision making process to decide whether to proceed with a full scale commercial RLV program.  Specific objectives of the flight tests include verification of the vehicle performance and commercially viable ground operations.

SCOPE:  This document addresses DFRC S&MA support to MSFC for the X-33 Program.  MSFC is the lead Center responsible for the entire S&MA program.  DFRC support will be limited to activities on Edwards AFB and Palmdale.  If resources become available at a later date, DFRCs participation could be increased.

RESPONSIBILITIES:  MSFC is responsible for overall management of the NASA X-33 S&MA activities.  Both parties will ensure full exchange between them of all technical and management information required to effectively and efficiently accomplish the program.

Specifically, DFRC shall:

1.  Provide a System Safety engineer to gain insight into the X-33 Program.  This person will be a member of the LMSW System Safety Working group.  He will review and comment on the X-33 Hazard Analysis.  He will weekly interface with the X-33 System Safety Engineer.  He will be knowledgeable of the Programs processes and hazard analyses.  He will be a member of the weekly Flight Working Group.  He will participate in the Systems Integration Engineering Working Group.  He will attend and comment on CDRs, Safety Reviews, and Flight Assurance Reviews.

2.  Provide status/update reports for the S&MA activities covered in this MOA as well as Program status, Program Reviews or any other information which may be applicable to S&MA for the X-33 Program.


EFFECTIVE DATE AND DURATION:
This agreement shall be effective upon signature by both parties and shall remain in effect until the X-33 Program is completed or sooner terminated by the termination clause below

Appendix B (continued)

TERMINATION:  Either Party may terminate this agreement by providing written notification to the other party not less than 90 days prior to the intended date of termination.  If the event of a prospective termination by either Party, or both, the Parties shall promptly engage in mutual consultation in order to ensure an economical and equitable termination.


Original Signed by James R. Phelps


Original Signed by Amanda Harris      


James R. Phelps



Amanda Harris


Director



Director


DFRC S&MA Office



MSFC S&MA

Appendix C
Task Agreements

Task Agreements between MSFC S&MA and LMSW are defined in Cooperative Agreement No. NCCB-115, Attachment A, are listed below:

· RM-CR10-01, 02, 03, 04, 05:  Assist in reliability risk analysis and support FMECA development for MPS and PLI.

· RM-CR10-07:  Perform FRACAS data collection for tests performed at MSFC.

· RM-CR10-06, 08, 09:  Assist in maintainability risk analysis, allocations, and predictions for the MPS.

· RM-CR10-10:  Provide engineering reliability, maintainability, and supportability planning supporting RLV design.

· RM-CR10-11:  Develop guidelines for performing C for the RLV MPS and support development of FMEA/CIL supporting vehicle design.  Document RLV MPS FMEA/CIL guidelines and preliminary FMEA/CIL for RLV.

· RM-CR10-12:  Perform probability risk assessments of RLV MPS critical components and support reliability program plan.  Document RLV MPS probabilistic risk assessments.

· RM-CR10-13:  Support RLV MPS design reliability allocation, modeling, and prediction/analysis and document.

· RM-CR10-14:  support definition of RLV MPS maintainability requirements and development of maintainability program plan.  Document RLV MPS maintainability requirements and maintainability program plan.

· RM-CR10-15:  Develop RLV maintainability evaluation process to predict and track maintainability through development and operation and document.

· RM-CR10-16:  Support RLV MPS maintainability allocation, modeling, and prediction/analysis and document.

Appendix D
Reliability Tasks Accomplished by MSFC for X-33

1.
Initial Reliability Predictions on the Proposed X-33 Main Propulsion System (3/96)

2.
Initial Planning and Identification of Potential Reliability Tasks (6/96)

3.  Development of FMECA worksheets/format for the X-33 (9/96)

4.  Development of Preliminary FMECAs for various subsystems of the X-33 Main Propulsion System (9/96)

5.  Development of Reliability Allocation for the X-33 Main Propulsion System (9/96)

6.  Supported Preliminary Design Reviews (8-11/96)

7.  Development of Reliability Prediction for the X-33 Main Propulsion System (9/96)

8.  Preliminary Reliability Analysis Completed for the Proposed Main Propulsion System and Tanks (11/96)

9.  Quick Turnaround Analysis of all Vehicle Subsystems with Regards to Development of a Flight Termination System (10/96)

10.  Development of a Preliminary Critical Items List (1/97) (Taken over by W. Haigler/ RKDN)

11.  Completed Final Reliability Analysis of X-33 Main Propulsion System (1/97)

12.  Support to the Weekly X-33 S&MA Teleconferences (Beginning 1/97) (Now on an “as needed basis”)

13.  Reliability Evaluation of the X-33 Power Pack Out versus Dual Independent Engines (3/97)

14.  Presented X-33 Engine Reliability Prediction to RLV Management (4/97)

15.  Updated Main Propulsion System Reliability Analysis (7/97)

16.  Development of FMEAs for the following engine subsystems/components (1/97 - 2/98)

· Turbomachinery

· Gas Generator

· Thrust Cells

· Injectors

· Ducts and Lines

· Electromechanical Actuators (EMAs)

· Gas Generator Fuel and Oxidizer Valves 

· Fuel and Oxidizer Thrust Control Valves

· Instrumentation

· Combustion Wave Ignition System

· Pneumatic Control System

· Engine Controller Digital Interface Unit

· EMA Electronic Controller

17.  Continued Development of the X-33 engine FMEA (To Present)

Appendix D (continued)
Fault Trees Developed By MSFC for X-33

1.
X-33 Engine (Several different versions including a comparison of "Power Pack Out" (PPO) Vs. "Dual Independent Engine" (DIE) Configurations.)

2.
Loss of Nozzle Coolant  After Main Engine Cutoff (MECO)

3.
X-33 Engine Fire / Explosion On Launch Pad

4.
Ground Systems Fault Trees: 

a.
Loss of 270 Volts DC

b.
Loss of Electrical Power to Ground Interface Modules

c.
Loss of LH2 Tank Pressure After LO2  Tank is  Loaded

d.
Inability to Detank LO2 

e.
Loss of Pressurant Prior to Pre-Spin

f.
Inadequate Pressurant (i.e., Loss or Blockage) During Pre-Spin

g.
PDP7 Power Loss to GIMs 1, 2, 3, & Interconnect Panel 2

h.
Inadvertent Activation of GO2 System

i.
GO2 Propellant System Fire / Explosion

j.
Inadvertent Activation of GO2 System

k.
Inability to Load GO2
l.
Inability to Load LO2 From Bulk LO2 System (Still in Work)
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Milestones

Initial Predictions X-33 MPS

Dev FMEA worksheets/format 

Dev Prelim FMECAs subsys. 

Dev Rel Allocation for MPS

Supported PDRs

Dev Rel Prediction for MPS

Prelim Rel Anlys completed 

QTA for a FTS

Dev of Prel CIL

Final Rel Anlys MPS completed

Rel Eval X-33 PPO vs DIE

X-33 Eng Rel Pred to RLV Mgmt

Updated MPS Rel Anlys

Dev FMEAs (eng subsys/comp):

turbomachinary, gas generator, thrust cells, 

injectors, ducts and lines, 

electromechanical actuators (EMAs), gas 

generator fuel and oxidizer valves, fuel and 

oxidizer thrust control valves, 

instrumentation, combustion wave ignition 

system, pneumatic control system, engine 

controller digital interface unit, EMA 

electronic controller

Cont Dev of X-33 Eng FMEA
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Appendix E
Acronym and Abbreviation List

The following acronyms apply:

ATD
Advanced Technology Demonstrator

CDR
Critical Design Review

CIL
Critical Items List

DoD
Department of Defense

DFRC 
Dryden Flight Research Center

EMA
Electromechanical Actuator

FMEA
Failure Mode and Effects Analysis

FMECA
Failure Mode and Effects Criticality Analysis

FRACAS 
Failure Reporting and Corrective Action System

FTA
Fault Tree Analysis

FTS 
Flight Termination System

FWG
Flight Working Group

LMSW
Lockheed Martin Skunk Works

MOA
Memorandum of Agreement

MPS
Main Propulsion System

MSFC
Marshall Space Flight Center

PDR
Preliminary Design Review

PRACA
Problem Reporting and Corrective Action

QA
Quality Assurance

R&M 
Reliability & Maintainability

RLV
Reusable Launch Vehicle

S&MA
Safety and Mission Assurance

SMAP
Safety and Mission Assurance Plan

SSPP 
System Safety Program Plan

SSTO
Single Stage to Orbit

SSWG
System Safety Working Group

