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FOREWORD

This Summary Report was prepared for Sverdrup Technologies, Inc. under Purchase Order Number 11373.  It provides the results of tasks defined in the agreement and incorporates work performed during September and October of 2006.

Direction for the project was provided by Tom Dollman of NASA Marshall Space Flight Center and Bradley Biehn of Sverdrup Technologies, Inc.  The clerical support of Barbara Christensen also made key contributions to this activity.  A list of acronyms was developed for support of this effort and is provided as Appendix A.

INTRODUCTION

This two month research effort was initiated on September 1, 2006 and completed October 31, 2006.  Included in this report is a discussion of research activities, results of bibliographical research, the research support plans and completed data sheets required for entry into the NASA Knowledge Based Risk Data Base. This data was derived after careful review of selected NASA Lessons Learned documents.

The work was performed by David L. Christensen, an aerospace consultant, with over 50 years of experience in aerospace related research, development and operations.

PURPOSE / OBJECTIVE
This project was initiated to support the NASA Knowledge Based Risk (KBR) program and to help the Marshall Space Flight Center (MSFC) Resource contribution in the KBR data base.  Complex space programs require an effective strategy to learn from past lessons and operational processes to generate and share this useful knowledge.  The identification of program risks and related mitigation strategies are an essential part of this NASA activity.  The objective is to assess, track, and control risks and transfer useful knowledge and mitigation of risks through existing work processes.

Work is progressing at several NASA Centers to populate the Active Risk Manager -KBR data folder in selected categories (See https//www.ice.exploration.nasa.gov). As a result, it is expected that KBR information will be used to enhance risk mitigation processes, provide improved analytical procedures, allow better systems integration, operational procedures and training efforts.
The work performed under this project was directed to be clearly written, pertinent to a real situation and useful to those not involved in the original event or activity.

The following Statement of Work formed the basis for this project.
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STATEMENT OF WORK
Objective: 
Provide expertise and resources for an assessment of various information and materials pertaining to space system development and related experience.  This assessment will support NASA efforts to compile knowledge based data through the careful selection of useful examples of various “Lessons Learned” (including design and production techniques, operational methodologies and programmatic factors) and other considerations. This information will be organized for incorporation into a NASA data base. This activity is needed to help reduce problems, avert risk and reinforce more positive design, engineering and management results.

TASK DESCRIPTION
The following tasks will be accomplished during the course of this project:

Task 1:

Review available data sources including archives, reports, presentations, interviews, data bases, etc. to help select and organize pertinent lessons learned and best practices needed for further consideration.

Task II:
Support the development of selection criteria and format needed for selection of knowledge based risk candidates of interest.

Task III:
Support the preparation of data files needed for entry of selected information into a data base.
Task IV: 

Assist in interview and video clip development for selected individuals and subjects of interest.

Task V: 

Support the preparation of presentation materials and reports to document the results of the described tasks.
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SOURCES OF INFORMATION
A bibliography of information available at NASA was provided for reference. In addition, a review of the personal archives of David Christensen revealed a number of pertinent and “lessons learned” documents that would be useful to this activity. This was developed into a list of selected references (with abstracts) which is provided as Appendix B.

Another source of useful information is the Launch and Space Systems e-Library (LaSSe) maintained at the Marshall Space Flight Center. The data base owner is Mr. Eric Hyde of MSFC. He was very helpful in providing a selected listing of potential documents containing lessons learned data.

It was decided that the primary source of information that would be used for initial KBR development would be the extensive work performed to derive lessons learned from the Orbital Space Plane (OSP) program managed by MSFC. This program was cancelled but a considerable amount of work was completed and evaluated. A special Tiger Team of authors, led by Chris M. Crumbly, prepared a set of documents including the Orbital Space Plane Lessons Learned Summary and the comprehensive (over 300 pages) OSP Lessons Learned Back-Up Presentation.
STUDY RESULTS

A Research Support Outline was developed at the beginning of the project to help address overall project planning and to support the development of current and future activities. This outline is provided as Appendix C.

A detailed review and analysis of the OSP Lessons Learned documents was performed. Particular attention was given to those lessons learned that had multiple references to help prioritize risk related concerns and possible mitigation discussions. This approach helped to screen out many of the entries that had lesser value to the KBR writing task. One of the identified risk areas was related to concerns and issues over the development of top level requirements. Over two dozen entries were identified on this subject.

After intensive review and assessment, seventeen entries were prepared and submitted for KBR application. These are provided as Appendix D.
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RECOMMENDATIONS

During the course of this project, several recommendations have been formulated.

1. To support the development of “Video Nuggets”, it is suggested that NASA and contractor team members that have developed lessons learned documents (such as the Orbital Space Plane Team led by Chris Crumbly) be used as a valuable                  resource. They could provide “interview” type discussions on selected KBR entries that they were involved with during the development of lessons learned documentation.

2. In reviewing the KBR entries developed during this project, it is apparent that certain mitigation approaches may have broad merit and might be implemented as a precursor measure or as a form of “preventive maintenance”. Examples might include:

a. Utilize special “tiger teams”, credibility teams, and independent assessment teams to support program review activities.

b. Establish a continuous improvement process to update cost and other models and develop training programs to update needed skills.

c. Establish Long Lead Item Teams to assess availability and schedules for selected critical items.

d. Establish training programs in support of such critical areas as requirements development, applying newly developed tools and models, lessons learned/KBR development, test planning and information management systems.

3. Several ideas for potential applications for KBR development were identified in Appendix C. (See Research Support Outline-Page C-3).  This includes the development and use of special publications such as manuals that incorporate risk reduction examples and case studies. Best Design Practices, Cost Reduction and Control and Management Guidelines are typical subjects that should be of key interest. Short courses and workshops could also be valuable spin-offs from the KBR Data Base development program.
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SUMMARY AND CONCLUSIONS

Reviewing available information, gleaning the necessary data and preparing effective KBR’s for data entry can be a slow and tedious process. There is a large amount of potential useful information but, on closer examination, it may not be compatible with or suitable for the required risk description and mitigation format. This is usually due to inadequate information.

Future efforts should focus on obtaining KBRs through a continuous development effort whereby program managers and engineers can recognize potential risk areas as they occur and document the condition (and mitigation efforts). This is similar to the current efforts to document lessons learned as they are identified.

The OSP program can serve as a good model for using special teams to extract both Lessons Learned and Knowledge Based Risk during the course of the program.
5

APPENDIX A
LIST OF ACRONYMS – KBR PROGRAM

AEE

Advanced Engineering Environment 

APPEL
Academy of Program, Project and Engineering Leadership

ARM

Active Risk Manager

ASK

Academy Sharing Knowledge

BP

Best Practices

CAN

Corrective Action Notice

COP

Communities of Practice

COTS

Commercial off the Shelf

CPMR

Center for Program / Project Management Research

CRM

Continuous Risk Management

CRS

Congressional Report Service

DAC

Design Analysis Cycle

FMECA
Failure Modes and Effects Criticality Analysis

FTA

Fault Tree Analysis

HRP

Human Rating Plan

ICD

Interface Control Drawing

ICE

Integrated Collaborative Environment

IDE

Integrated Design Environment

IDT

Integrated Discipline Team

IHM

Integrated Health Management

IM&S

Integrated Modeling and Simulation

IPT

Integrated Product Team

ITAR

International Traffic in Arms Regulations



JPL

Jet Propulsion Laboratory

KBR

Knowledge Based Risk

KMS

Knowledge Management System
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LCC

Life Cycle Cost

LLIS

Lessons Learned Information System






LOC

Loss of Crew

M&S

Modeling and Simulation

MIB

Mishap Investigation Board

MSFC

Marshall Space Flight Center

NEN

NASA Engineering Network

NGLT

Next Generation Launch Technology

NRC

National Research Council

OSP

Orbital Space Plane

PBMA

Process Based Mission Assurance

PRA

Probabilistic Risk Analysis

QA

Quality Assurance

R&KMWG
Risk and Knowledge Management Working Group

RAC

Requirements Analysis Cycle

RDT

Requirements Development Team

RMB

Risk Management Board

S&MA

Safety and Mission Assurance

SAMP

Systems Acquisition Management Plan

SBA

Simulation Based Acquisition

SEMP

Systems Engineering Management Plan

SLATS
Space Launch and Transportation Systems

SME

Subject Matter Experts

SRD

Systems Requirement Document

STS

Space Transportation System

VSE

Vision for Space Exploration
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APPENDIX B
SELECTED REFERENCES
(Based on DLC archives)

ID #:


Category:   Document

Title:     100 Lessons Learned for Project Managers

Author / Contact:    Jerry Madden (Retired)    NASA Goddard Space Flight Center

Source / Reference:    ASK Magazine – NASA – Academy Sharing Knowledge

Date:    Issue 14   July, 2004

Size:    9 Pages (128 Lessons Learned)

Location:    www.nasa.gov
Comments:    Provides a random collection of 128 lessons learned from project management.  Many of these are presented in a “folksy” tone and flippant manner.  However, there are many key points provided that needs further development and clarification.

ID #:


Category:  Document

Title:    Space Program Lessons Learned / Best Practices (Presentation)

Author / Contact:    David L. Christensen     256-232-4784

Source / Reference:    NGLT Architecture Design and Technology Workshop – Williamsburg, VA.

Date:    December, 2003

Size:   46 Pages

Location:   Available in electronic version from author.

Comments:    This work was initiated by NASA Funding (1998) to identify and provide a compilation of guidelines and best practices applicable to space launch vehicle design, development and operation. The prime focus is on life cycle cost reduction techniques with systems safety and dependability having a major concern and interest.  Preparation of a best practice manual, short courses and realistic (activity) based cost tools are recommended.

ID #:


Category:    Document

Title:   Architecture 7 Historical Overview and Lessons Learned (ITAR)

Author / Contact:    David L. Christensen

Source / Reference:    NASA NGLT Systems Analysis Project Review – Hampton, VA

Date:   June 18, 2003

Size:
21 Pages

Location:

Comments:    This document provides a historical review of reusable space launch systems using air breathing propulsion elements over the past forty years. It describes seven examples of this type of vehicle system with examples of needed technologies and processes.  It contains a listing of lessons learned related to this unique type of system.
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ID #:


Category:   Document

Title:    Lesson Learned From Space Shuttle External Tank Development

Author / Contact:    Myron A. Pessin    Madison Research Corporation, Huntsville, AL

Source / Reference:    NASA/MSFC Contract NAS8 – 0021

Date:    October 30, 2002

Size:
41 Pages

Location:

Comments:    This report provides the technical history of the Space Shuttle External Tank.  It covers all phases of the development, production and operational programs and includes problems, solutions, recommendations for improvements and lessons learned during the program.  The author, Mike Pessin spent many years as a NASA employee working on the ET Program including service as Chief Engineer for the ET Project prior to his retirement.

ID #:


Category:   Document

Title:    Satellite Mission Operations Best Practices

Author / Contact:    Ray Harvey,   Johns Hopkins Applied Physics Laboratory

Source / Reference:    AIAA – Space Operations and Support Technical Committee

Date:
November 28, 2001

Size:
65 Pages

Location:

Comments:    This document contains an extensive set of recommendations, suggestions and rules of thumb based on lessons learned.  Although the report is primarily directed toward spacecraft development, testing and operations, many of the best practice items could be very useful to a broader scope of aerospace activities.

ID #:


Category:

Title:    Design, Verification / Validation and Operations Principles for Flight Systems

Author / Contact:    Matthew R. Landano,   Jet Propulsion Laboratory

Source / Reference:    JPL D – 17868 – Rev. A.

Date:
November 15, 2000

Size:
137 Pages

Location:    JPL

Comments:    This document provides flight proven systems design, flight operations, safety, and mission assurance principles to guide space project implementation.  General principles, detailed principles and flight operations principles are provided in a logical manner.  They are based on many years of experience and many “lessons learned” in developing a wide array of spacecraft and payloads.
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ID #:


Category:   Document

Title:   Lessons Learned For Use on Navigator – X Program (NASA)

Author / Contact:   Summa / Lockheed Martin Team

Source / Reference:   Navigator – X Team Report

Date:
1997

Size:
9 Pages

Location:

Comments:    This document contains the experiences of documented lessons learned from a variety of sources (including Space Shuttle, Atlas, Athena, Titan and DC-X).  It was developed to support design, engineering and management activities on a small space launch system called Navigator – X (using the NASA Fastrack rocket engines).  Three major areas of interest are covered – Programmatics, Flight Systems and Ground Systems.

ID #:


Category:

Title:   DC-X Lessons and Recommendations (Delta Clipper Summary)

Author / Contact:   McDonnell Douglas

Source / Reference:

Date:
1996

Size:
6 pages (pages 31-36)

Location:

Comments:    This material is extracted from a DC-X report and contains six categories of lessons learned from this unique project.  These are:  1) unplanned events; 2) operations lessons; 3) supportability lessons; 4) flight hardware lessons; 5) ground hardware lessons; and 6) computing lessons.  This excellent summary contains over 75 specific examples of events and recommendations based on the experiences gained from this fully reusable LOX/LH2 rocket system.

ID #:


Category: Document

Title:    A History of Aerospace Problems, Their Solutions, Their Lessons

Author / Contact:   R. S. Ryan (Retired NASA)

Source / Reference:   NASA Technical Paper 3653   NASA Code JTT

Date:
September, 1996

Size: 234 Pages

Location:

Comments:   This report provides a well written and historical overview and covers a large number of problems that have been encountered in the development and operation of rockets, missiles and space transportation systems over the past half century.  It also provides the cause of the various problems and their solutions.  It is an excellent source of lessons learned and includes 73 references.
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In the text and tabulated matrices, the issue of the shuttle External Tank foam debris problem is flagged eight times as a recurring problem (covering the period of 1981-1996).  This document and related materials has evolved into a comprehensive five day course held at MSFC by Bob Ryan and his co-workers.  The course is entitled “Space Launch and Transportation Systems (SLATS) Design and Operations”.
ID#:


Category:  Document

Title:   X-33 – Lessons Learned / Supportability Design to Requirements (SDTR)

Author / Contact:   Lockheed Martin Skunk Works

Source / Reference:

Date:
August 1996

Size:
74 Pages

Location:

Comments:  This is an interdepartmental communications document which was used by X-33 vehicle designers.  A lesson learned includes a description of the related SDTR and rationale supporting each recommendation for design application.  Some 26 categories of SDTR’s are covered with numerous references and examples of design issues.

ID #L


Category:  Document

Title:   Space Shuttle Lessons Learned and RLV Design – to – Recommendations

Author / Contact:   NASA

Source / Reference:   NASA

Date:
1995

Size:
43 Pages

Location:

Comments:    This document relates an extensive listing of lessons learned on the Space Shuttle Program to specific applications and recommendations for use on the Reusable Launch Vehicle (RLV) Program.  The prime focus of this excellent material is on the Space Shuttle Orbiter and its reusable replacement.

ID #:


Category:   Document

Title:
More Lessons Learned in Liquid Propulsion

Author / Contact:   Carl S. Guernsey – JPL    AIAA Short Course Presentation

Source / Reference:   AIAA – JPL

Date:
July 8, 1995

Size:
37 Pages

Location:

Comments:   This document contains some 27 reviews of problems, their sources, impacts and related solutions/lessons learned related to spacecraft liquid propulsion systems. One section identifies unexpected problems that can arise when using “heritage” hardware.
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ID #:


Category:

Title:   Spacecraft Propulsion Systems Lessons Learned

Author / Contact:   R. L. Sackheim     TRW Space & Electronics Group

Source / Reference:   AIAA Lecture – short Course   Monterey, CA

Date:
June 26, 1993

Size: 
157 Pages

Location:

Comments:    This lecture/presentation contains historical background and a comprehensive review of recurring problems, solutions and lessons learned.  The focus is on spacecraft propulsion systems with application to space launch systems which incorporate similar design and operational features.

ID #:


Category:   Document

Title:   The X-15 Airplane-Lessons Learned

Author / Contact:   W. Dana    NASA Dryden Flight Research Center

Source / Reference:   AIAA – 93 – 0309     31st Aerospace Science Meeting & Exhibit

Date:
January 11-14, 1993    Reno, NV

Size:
13 Pages

Location:   AIAA

Comments:    The paper provides an overview of the X-15 Program and description of the aircraft features and operational history. A key lesson was to make the vehicle more robust which can conflict with weight and performance requirements. This successful research program achieved 199 flights over a nine year period.

ID #:


Category:  Document

Title:   Lessons Learned on NLS

Author / Contact:   Danny Davis, ETAL    NLS Core Vehicle Product Development Teams

Source / Reference:    NLS Technical Interchange Meeting held on 10-22-1992

Date:
November 16, 1992

Size:
36 Pages

Location:

Comments:    This document contains recommendations for future program improvements based on the experiences gained from issues determined during the definition phase of the National Launch System (NLS) Program.  The identified lessons relate to organization, resources and integration needs that should be addressed and resolved at the beginning of product development, even before the Product Development Teams (PDT) are formed.
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ID #:


Category:  Document

Title:   Space Shuttle Solid Rocket Motor Programs, Lessons Learned

Author / Contact:   A. A. McCool and W. L. Ray

Source / Reference:   AIAA/SAE/ASME     27th Joint Propulsion Conference held in   Sacramento, CA

Date:
June, 1991

Size:
10 Pages

Location:   AIAA

Comments:    This document provides a review of lessons learned from SRM development and flights from 1981 to 1991. Flight safety, performance and reuse/cost elements are identified for implementation of improvements. The authors highly recommend that a more formal lessons learned be incorporated into NASA programs to provide readily accessible information to future engineers and managers.

ID #:


Category:   Document

Title:   NASA Advisory Council Report of the Task Force on Space Transportation

Author / Contact:   John Lucas, Chairman     NASA Advisory Council

Source / Reference:   James D. Bain, Task Force Executive Secretary

Date: 
December, 1989

Size: 20 Pages

Location:

Comments:   The report provides insights into needed strategies and approaches which have a large impact on U.S. Space Transportation capabilities over the next two decades (1990-2010).  Major themes of interest include the need for robustness, traceability to national goals, technical excellence and clearly defined benefits.

ID #:


Category:   Document

Title:   Space Shuttle Directions

Author / Contact:   NASA-JSC Advanced Programs Office

Source / Reference:   JSC – 20939

Date:
June, 1986

Size:
139 Pages

Location:

Comments:    This report provides a review of the experience gained in the design, development and operations of the Space Shuttle. Lessons, guidelines and directions for definition of future space transportation systems are incorporated throughout the document. White papers prepared by JSC, LARC, MSFC and KSC were used to compile this document.

B-6

ID #:


Category:  Document

Title:   The Space Shuttle Focused-Technology Program Lessons Learned

Author / Contact:   Paul E. Fitzgerald and Edward A. Gabris

Source / Reference:   Astronautics and Aeronautics

Date:
February, 1983

Size:
9 Pages

Location:   (Pages 60-72)    RSIC   Periodicals

Comments:    This well written article provides a good overview and many useful lessons derived from the Space Shuttle Focused – Technology Program. This successful program was used to screen and select needed technologies that were applied to the Space Shuttle Program and resulted in successful and cost effective operations.

ID #:


Category:  Document

Title:   MSFC Skylab Lessons Learned

Author / Contact:   NASA Skylab Program Office – MSFC Saturn & Skylab Program Office

Source / Reference:   NASA TMX – 64860

Date:
July, 1974

Size:
65 Pages

Location:

Comments:    This document contains a detailed overview of the many design, engineering and operational elements which were required by the Skylab Program. Lessons learned from the program and recommendations for applying these lessons are provided throughout the document. Similar Skylab Lessons Learned reports were prepared by NASA Headquarters, JSC and KSC.

ID #:


Category:  Document

Title:  Lessons Learned on the Skylab Program

Author / Contact:   William Schneider, Director    Skylab Program Office

Source / Reference:   Program Management Engineering Directorate

Date:
March 11, 1974

Size:
40 Pages

Location:

Comments:    This document contains 70 lessons learned related to overall management of the Skylab Program. They are organized into the following categories:

1. Program Management – 20 items

2. Hardware/Experiment Design and Development – 36 items

3. Test and Qualifications – 8 items

4. Operations/Communications – 6 items

Related Skylab lessons learned reports were prepared by MSFC, JSC and KSC.  
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APPENDIX C

KNOWLEDGE BASED RISK (KBR)

 INFORMATION PROGRAM 

RESEARCH SUPPORT OUTLINE

The following material is provided to support the review, compilation, development and utilization of KBR information programs.

ASSUMPTION - This effort is needed to identify and provide guidance, expertise and support to the NASA Constellation Program.  An initial priority will be given to the overall KBR needs of the ARES-1 Program. An additional focus will be placed on the needs of ARES- 5 as a complimentary/follow-on effort.   

REQUIREMENTS - The results of this project will be organized to be user friendly and support the design, engineering, operational and management needs of government and contractor personnel involved in the Constellation Program.

INFORMATION SOURCES - Prime sources of lessons learned and examples of knowledge based information will be derived from existing NASA and contractor data systems.  Additional information that may be applicable to this project will be developed from other related sources including Department of Defense and International Space Programs.

BROAD EXAMPLES - Three types of reference data will be used to structure the architecture of the KBR information system.  These are:

1. Successful examples of lessons learned that could be applied with positive results

2. Examples of unsuccessful activities that should be avoided to avert negative results

3. Examples of corrective actions that could improve and/or eliminate problems.

      C-1
PROGRAM DEVELOPMENT - The following checklist is provided to support the development of the KBR information system:                                                                        
1. How to identify and locate pertinent examples

2. How to organize and classify the data system

3. How to format, record and select examples

4. How to review and prioritize selected examples (who-how-when-where)

5. How to translate and display examples (user friendly, clear, accurate, feasible, transferable, etc.)

6. How to store and update the information (curator?)

7. How to monitor results and acquire user feedback to achieve beneficial results

8. How to continuously improve the program (flexibility and additional inputs)

9. How to train and motivate potential users

POTENTIAL AREAS OF INTEREST - The following lists are provided to indicate potential categories of KBR information that may be of interest to users including designers, engineers, operators and managers:

· Hardware related examples

· Software related examples

· Discipline based examples (Aero, structures, propulsion, power, propellants, avionics, GSE, HMS, TVC, RCS, materials, etc.)

· Programmatic related examples (management, budget, cost analysis, work force, MIS, etc.)

· Safety

· Facilities

· Logistics

· Transportation

· Element level examples (components, sub-systems, stages, interfaces, integrated system, etc.)

                                                                                                                          C-2
POTENTIAL RULES (DO’S AND DON’TS)
· Design Rules

· System Engineering Rules

· Manufacturing Rules

· Testing Rules

· Operations Rules

· Program Management Rules

· Cost Reduction Rules

· Safety Reliability Rules

· Human Rating Rules

POTENTIAL PRODUCTS/APPLICATIONS
· Operational On-line System

· Design Guidelines Manual

· Best Practice (& Processes) Manual

· Management Guidelines Manual

· Cost Reduction and Control Manual

· Case Studies (Good and Bad Examples)

·  Individual Interviews/Team Reviews (ie. Pause and Learn Sessions)

· Video Nuggets / Summary Film

· Short Courses / Workshops

· NASA Special Publications

Prepared by: David L. Christensen

                     Aerospace Consultant

                     September, 2006
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APPENDIX D

KBR Entries in Active Risk Manager (ARM) Data Base 

ARM #                         Risk Title
2002:
Information Technology / Communication Problems

2003:
Lack of Integrated Design Approach Reduces Operability

2004:
Inadequate Processes for Life Cycle Cost (LCC) Estimating and Control

2005:
Failure to Identify and Obtain Long-Lead Items and Services Can Disrupt Program Development Plans

2006:
Unclear Human Rating Requirements Can Cause Problems

2010:
Lack of Well Developed and Disciplined Requirements at Levels 1, 2, and 3

2011:
Lack of Effective Risk Management Plans and Tools

2012:
Lack of Technical and Economic Feasibility Studies for Establishing Realistic Requirements

2013:
Difficulties in Assessing Appropriate Lessons Learned and Implementing Transfer of Knowledge

2014:
Negative Impacts Due to Timing of Critical Activities and Events

2015:
Early Need for Human Rating and Crew Survivability Plans

2016:
Inadequate System Engineering Management Plan (SEMP)

2026:
Need for Complete Human Engineering Awareness and Implementation throughout Program Life Cycle

3382:
Training Deficiencies Can Reduce Needed Skills and Capabilities of Program Team Member

3383:
Need for Early and Compatible Planning for Test Facilities and Test Articles

3384:
Selection/Availability of Vendors, Parts and Equipment Can Be a Critical Issue

3385:
Concerns Regarding Preparation of Top Level Requirements
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KBR DATA BASE ENTRIES
ID # 2002


CATEGORY:
Program Management

POINT OF CONTACT/REFERENCE:
OSP Lessons Learned    OSP-DOC-065 Baseline    6-15-2004

RISK TITLE:
Information Technology / Communication Problems

CONDITION:
Large volumes of information can reduce ability to quickly and effectively disseminate information to meet user needs.

CONSEQUENCE:
Lack of needed information or lack of timely access can restrict ability of team members to meet requirement and schedules.

CONTEXT:
Information technology security and other requirements may cause bottlenecks in information flow, create cultural barriers, and adversely affect communications at all levels.

RELATED IMPACTS:
A lack of clearly understanding program directives and responsibilities can disrupt programs at every level.

PLAN INPUTS:  HIGH LEVEL
Determine if communication problems exist through direct survey of team members.  If so, plan corrective actions.

FALL BACK PLAN DESCRIPTION:
If communication problems persist, establish a “tiger team” to identify causes and implement corrective actions to remove barriers and to ensure that adequate and timely communication processes can take place.  Also, consider changes to data filing formats, storage and retrieval methods based on user recommendations.
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ID# 2003


CATEGORY:
Systems Engineering

POINT OF CONTACT / REFERENCE:
OSP Lessons Learned   OSP-DOC-065 Baseline   6-15-2004

RISK TITLE:
Lack of Integrated Design Approach Reduces Operability

CONDITION:
Design pressures can reduce emphasis on need for improving operational capabilities.

CONSEQUENCE:
Negligence of accessibility, maintainability and needed operational requirements can increase life cycle costs and cause process induced discrepancies.

CONTEXT:
Difficult operational procedures and limited accessibility to systems, subsystems and components that require servicing or change-out can increase labor and related costs.

RELATED IMPACTS:
Life cycle costs of space transportation systems have been largely caused by operational and operability issues.  Improvement in this area can have a very positive effect on these systems.

PLAN INPUTS:  HIGH LEVEL
Ensure adequate attention is given to operability and to an integrated approach to total systems design.

FALL BACK PLAN DESCRIPTION:
Include the operations community in all phases of systems design, development and acquisition to assure a balance between systems performance, operability and maintainability of the end product.
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ID #
2004

CATEGORY:
Program Management

POINT OF CONTACT / REFERENCE:
OSP Lessons Learned   OSP-DOC-065   Baseline 6-15-2004

RISK TITLE:
Inadequate Processes for Life Cycle Cost (LCC) Estimating and Control

CONDITION:
Many space related programs face overruns and funding problems due to inadequate processes needed to determine and control realistic life cycle costs. It is difficult to obtain consistent costing figures and human space flight operations cost models.

CONSEQUENCE:
Shortage of needed funds and continuing budgetary requests for additional funds can lead to Program/Project cancellation.

CONTEXT:
Lack of clear functional requirements and accurate information needed to identify and establish program life cycle costs (at all program levels) make it very difficult to control costs, particularly during the operational phase. Other constraints include lack of information on government facility and touch labor costs.

RELATED IMPACTS:   The lack of credible life cycle cost modeling tools (especially for human flight operations) and validated life cycle cost control processes can lead to incorrect cost estimates.   Multiple iterations/costing exercises have been a recurring issue within NASA.

PLAN INPUTS:    HIGH LEVEL
Evaluate currently used processes and document the strengths, weaknesses and those areas needing improvement. Obtain a better understanding and balance between systems design, operations and life cycle costs.  Operations cost estimating should be a priority from the earliest stages of program development.

FALL BACK PLAN DESCRIPTION:
Assemble an internal Cost Credibility Team to develop effective life cycle cost estimating and control processes.  Benchmarking, process discipline and innovation can be effective ways to improve cost credibility.  Also, establish an Independent Assessment Team to review and critique the proposed cost estimating and LCC control process.  Closely monitor the results from applying the processes and compare these to the cost of similar programs, if possible. Establish a continuous improvement process to update cost models and develop training programs for cost estimating and control personnel.
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ID # 2005


CATEGORY:
Program Management

POINT OF CONTACT / REFERENCE:
OSP Lessons Learned   OSP-DOC-065   Baseline    6-15-2004

RISK TITLE:
Failure to Identify and Obtain Long-Lead Items and Services Can Disrupt Program Development Plans

CONDITION:
Long-lead items may not be identified early in the development cycle.  Procurement actions may be delayed.  Delivery may not meet program demands.

CONSEQUENCE:
If long-lead items are not available when needed, schedule, cost, reliability and other types of program risks may result.

CONTEXT:
Many unique and special purpose items, as well as some complex production items may take years to acquire.  Examples include: engines, feed lines, valves, simulators, test articles, test facilities, and launch facilities, etc.

RELATED IMPACTS:
If critical items are not available, schedules (and related costs) can be adversely affected.  If retrofit (place holder/fall back) is used other problems may arise, such as need for retesting subsystems or systems.

PLAN INPUT:    HIGH LEVEL
Establish Long Lead Item Team to work closely with designers, vendors, suppliers, and procurement planners to assess long lead item availability and delivery schedule.

FALL BACK PLAN DESCRIPTION:
Assess other space related programs to determine examples of long lead items and services that had (or could have) negative impacts on program risks.  Use this information to flag related items of interest.
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ID# 2006


CATEGORY:
Safety and Mission Assurance

POINT OF CONTACT / REFERENCE:
OSP Lessons Learned   OSP-DOC-065   Baseline   6-15-2004

RISK TITLE:
Unclear Human Rating Requirements Can Cause Problems

CONDITION:
Currently used human spaceflight requirements, standards and specifications are exclusive to space shuttle and ISS and older applications.

CONSEQUENCE:
Development of new human spaceflight systems can be compromised if latest and best knowledge of human rating considerations are not applied.

CONTEXT:
Crew safety and survivability are of primary concern.  It is critical that fail-safe features be incorporated into crewed systems and that field testing data be made available if possible.

RELATED IMPACTS:
Previous programs have shown the negative impacts on overall space exploration due to mission failures and crew fatalities.  Program schedules and budgets are highly affected and program cancellations are a definite possibility.

PLAN INPUTS:  HIGH LEVEL
Update human spaceflight requirements, specifications and standards to reflect availability of new processes, materials and design concepts.  Consider all system trajectories and abort modes. 

FALL BACK PLAN DESCRIPTION:
Tailor human rating plan to incorporate latest available information and relate it to all phases of program development with emphasis on the test plan.
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ID# 2010


CATEGORY:
Program Management / Systems Engineering

POINT OF CONTACT / REFERENCE:
OSP Lessons Learned   OSP-DOC-065   Baseline   6-15-2004

RISK TITLE:
Lack of Well Developed and Disciplined Requirements at Levels 1, 2, and 3.

CONDITION:
Communication problems between multiple teams can lead to confusion in the interpretation of program requirements.

 CONSEQUENCE:
Wasted time can be spent and incorrect assumptions made if Level 1, 2 and 3 flow-down requirements are not closely coordinated and clearly defined.

CONTEXT:
Rigorous requirements development consistent with accepted engineering practice is critical to establishing a good requirements foundation.  It is also essential to providing clear interpretation and personal “buy-in” by all participants.

RELATED IMPACTS:
If requirements are not clear and feasible, excessive time can be spent on interpretations and clarifications.

PLAN INPUTS:   HIGH LEVEL
Prepare a clear rationale and process to involve stake holders and implementers in requirements development early in the program.

FALL BACK PLAN DESCRIPTION:
Prepare clear guidelines to help synchronize the preparation of functional requirements, resource allocation, analyses, and systems design activities.  Implementation of a validated Systems Engineering Management Plan is also essential.
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ID #:  2011


CATEGORY:    Program Management

POINT OF CONTACT / REFERENCE:
OSP Lessons Learned OSP-DOC-065    Baseline    6-15-2004

RISK TITLE:
Lack of Effective Risk Management Plans and Tools

CONDITION:
Programmatic and system design risks include communication and integration issues and need for tools to track, assess and resolve risks.

CONSEQUENCE:
It is difficult to identify, collect and control individual risks which can adversely affect the overall system.

CONTEXT:
Risk management, especially on large complex programs, requires dedicated skills in communications and planning and well developed tools needed to track and control identified risks.

RELATED IMPACTS:
Programs can be jeopardized if risks are not identified and mitigated. As there are many forms of risks, inadequate planning and control processes can lead to serious problems.

PLAN INPUTS:    HIGH LEVEL
Develop and use an integrated Risk Plan combining technical risks, cost risks and schedule risks to help control risks at all management levels.

FALL BACK PLAN DESCRIPTION:
Use fully developed tools needed to track risk status and to apply mitigation plans where required.  Provide adequate training in tool use and assign responsibilities to consistently control risks.  Establish priorities and weight factors to aid in the risk assessment process.  Also, reduce overall risks through the use of increased design margins which also improve reliability.
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ID# 2012



CATEGORY: 
Program Management/Systems Engineering

POINT OF CONTACT/REFERENCE:
OSP Lessons Learned    5-27-2004    (Backup Presentation)

RISK TITLE:
Lack of Technical and Economic Feasibility Studies for Establishing Realistic Requirements

CONDITION:
Top level requirements are often established without supporting trade studies and analyses to ascertain the technical and economic feasibility of the overall system.

CONSEQUENCE:
Program cancellation can result from not meeting technical objectives (i.e. National Aero Space Plane).  Unrealistic economic requirements can result in huge budget overruns as noted on the International Space Station.

CONTEXT:
Programs have been initiated without a proper analysis and a basic determination that the stated requirements are technically feasible.  Economic feasibility is often overlooked and/or treated as a separate issue. Requirements should define what the system is to provide, not how the system is to provide that function

RELATED IMPACTS:
Mission success will be difficult to achieve.  Unrealistic requirements can flow throughout the program development cycle and result in numerous disruptions to the schedule with related budget problems.

PLAN INPUT:    HIGH LEVEL
Develop a systematic approach to determine the basic feasibility of the proposed requirements.  The criteria and analytical plan for determining feasibility should be prepared prior to requirements development.  The necessary trades and related studies should be performed in close synchronization with the requirements development/verification process to verify program feasibility.

FALL BACK PLAN DESCRIPTION:
If necessary, push back on the requirements (if they do not appear to be feasible).  Do this early in the program. Provide needed support to the top level requirements team to help establish a feasible and achievable set of requirements and related program.
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ID#:  2013



CATEGORY:
Program Management

POINT OF CONTACT/REFERENCE:
OSP Lessons Learned    5-27-2004    (Backup Presentation)

RISK TITLE:
Difficulties in Assessing Appropriate Lessons Learned and Implementing Transfer of Knowledge

CONDITION:
Corporate knowledge may not be captured in a way to pass it on to new personnel.  Finding the correct lessons learned is difficult due to a multitude of source materials and data bases.

CONSEQUENCE:
Without effective mechanisms for transfer of knowledge, situations and problems may develop that could be avoided.  This can cause schedule slippage and potential risks.

CONTEXT:
Many of the available lessons learned in various data bases are masked by the hundreds of those that are not applicable.  Extensive effort is needed to sort them into useful packages.  This can be difficult due to program time constraints.

RELATED IMPACTS:
Many aerospace experts have retired, passed away or transferred to other organizations and projects.  If this expertise is not captured and organized in a user friendly way, it may not be available when needed.  Thus, a very valuable resource is wasted.

PLAN INPUT:    HIGH LEVEL
Use a structured team early in the program and employ effective screening criteria to evaluate lessons learned and risk reduction data bases.  Provide selected examples to meet the needs of users through forums, short courses, etc.

FALL BACK PLAN DESCRIPTION:
Capture all examples of applied lessons learned (including those recently developed).  Develop useful handbooks of Best Practices and provide examples of program benefits to motivate users.  Provide opportunities for dialog with experts in prioritized areas of interest.
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ID# 2014



CATEGORY:
Program Management

POINT OF CONTACT/REFERENCE:
OSP Lessons Learned    5-27-2004    (Backup Presentation)

RISK TITLE:
Negative Impacts Due to Timing of Critical Activities and Events

CONDITION:
Improper timing and scheduling of critical activities (either too early or too late) can adversely impact system design efforts causing subsequent changes later in the program.

CONSEQUENCE:
Late or incomplete functional requirements can disrupt the flow down process. Accelerated program schedules can disrupt start-up plans and reduce quality of work and needed feedback.

CONTEXT:
There are many considerations and activities that must be addressed during early phases of new programs.  Schedule changes can occur that will disrupt system planning and design activities and could cause significant and costly changes later in the program.  Also, a scattered location of development team members can disrupt and hamper the timeliness of needed deliverables.

RELATED IMPACTS:
Incomplete process definition, lack of scheduling details and improper timing and phasing of key events are potential issues.  Late delivery and/or poor definition of test requirements and Integrated Health Monitoring requirements are typical areas of concern.

PLAN INPUTS:    HIGH LEVEL
Keep program planning and development activities in proper sequence. Concurrent Engineering practices should be applied to allow parallel flow of activities and to maintain close communication among diverse product team members. 


FALL BACK PLAN DESCRIPTION:
Incorporate a Management Information System that can identify and track key activities and events in a highly visible and rapid manner.  It should also be capable of readily adapting to schedule changes and related impacts.
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ID# 2015



CATEGORY:
Safety and Mission Assurance

POINT OF CONTACT/REFERENCE:
OSP Lessons Learned    5-27-2004   (Backup Presentation)

RISK TITLE:
Early Need for Human Rating and Crew Survivability Plans

CONDITION:
It is difficult to determine the suitability and feasibility of proposed or existing space equipment to meet human rating and survivability requirements.  This information is needed early in the program.

CONSEQUENCE:
Lack of clarity can cause confusion, incomplete documentation and ineffective strategies.  Unnecessary design constraints could adversely effect overall system performance, operational capabilities and even necessitate major redesign of the system.

CONTEXT:
Unclear or restrictive human rating requirements can be difficult to interpret.  Every effort should be made to clarify and document a clear and effective plan of action.

RELATED IMPACTS:
It is difficult to make needed trades if plans and requirements are not closely correlated.  Disruptions in work flow can occur if differences are not identified and resolved.

PLAN INPUTS:    HIGH LEVEL
Determine suitability and feasibility of Human Rating Plan. Develop road map of how requirements flow into the design.  Tailor and verify changes as required.

FALL BACK PLAN DESCRIPTION:
Establish a Crew Survival Office to help resolve issues in parallel with requirements development.  Clarify restrictive requirements while addressing Fault Tolerance, Loss of Crew, Escape/Abort conditions and other topics.  Also, develop systematic evaluation criteria to resolve issues.
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ID# 2016



CATEGORY:
Systems Engineering

POINT OF CONTACT/REFERENCE:
OSP Lessons Learned    5-27-2004    (Backup Presentation)

RISK TITLE:
Inadequate System Engineering Management Plan (SEMP)

CONDITION:
There may be gaps in communication and SEMP documentation which may not clearly define duties and work flow requirements.  Identifying and correcting any gaps or shortfalls is essential to mission success.

CONSEQUENCE:
Incomplete plans can lead to disconnections and misunderstandings concerning roles and responsibilities.  Key engineering disciplines needed for implementation of the system engineering process may not be used in an effective manner.

CONTEXT:
It is very important that systems engineering documentation activities be closely aligned with requirements development.  Key areas needing attention include power/cabling, induced environments, maintainability, operability, life cycle cost and all interfaces.

RELATED IMPACTS:
If the system engineering and integration function is not properly managed, the engineering and technical process will suffer.  Inadequate documentation can impact schedules, costs, performance and overall success of the program.

PLAN INPUTS:    HIGH LEVEL
Prior to delegating work, define and establish the SEMP for the entire program.  Coordinate and review the SEMP with an Inter-center System Engineering Working Group prior to program wide reviews.

FALL BACK PLAN DESCRIPTION:
Closely monitor activities to ensure SEMP interface roles, responsibilities and all disciplines are fully integrated.  Ensure that operations concept development and integration functions are clearly addressed.
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ID# 2026



CATEGORY:
Systems Engineering

POINT OF CONTACT/REFERENCE:
OSP Lessons Learned    5-27-2004    (Backup Presentation)

RISK TITLE:
Need for Complete Human Engineering Awareness and Implementation Through out Program Life Cycle

CONDITION:
Human space flight requires a unique analytical and design process to safely accommodate numerous man/machine interfaces and activities.  This applies to both internal and external functions throughout the life cycle program.

CONSEQUENCE:
There are many conditions that can be adversely affected by improper attention to Human Engineering requirements.  Confusion in this area can lead to accidents and even loss of life.

CONTEXT:
Due to time constraints, space system designers can use best guesses, personal opinions and invalid assumptions which can lead to misinterpretations and potential operational problems.  Human Engineering is of particular interest for human rated space systems as safe operations are of critical importance.

RELATED IMPACTS:
Performance of tasks can be degraded if efficient Human Engineering operations are not applied.  The Apollo I fire on the launch pad was a direct result of poor egress/escape design (the hatch was hinged to only swing inward).

PLAN INPUTS:   HIGH LEVEL
Use an integrated approach, applicable standards, and Design Best Practices from all sources (including military and commercial) to ensure completeness and safety of design and operational features.

FALL BACK PLAN DESCRIPTION:
Couple analyses, trade studies, CAD and human factors design tools with mock ups in order to allow potential users to provide feedback and recommendations for improvement.  This is also a useful training tool for both designers and operators.  Maintain references and validated sources as a valuable resource throughout the program lifetime and for use in future applications.
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ID#:  3382



CATEGORY:
Program Management

POINT OF CONTACT/REFERENCE:
OSP Lessons Learned   5-27-2004   (Backup Presentation)

RISK TITLE:
Training Deficiencies Can Reduce Needed Skills and Capabilities of Program Team Members

CONDITION:
Insufficient and ineffective training can hamper the use of the latest tools and methods needed for program development.  Availability and access to effective training classes should be established as early as possible, as accelerated program schedules can diminish opportunities for training.

CONSEQUENCE:
Lack of the latest training methods and validated tools can limit the skills and capabilities of managers, designers, engineers and operators.  Program deficiencies can also result from having access to tools and using them without proper training.

CONTEXT:
Training programs are a valuable element of program and product development activities. Design, engineering and management tools and processes are continuously improved and users need to gain operational experience with the latest available methods.  Other activities requiring training support include information management systems, acquisition, risk management, and applying lessons learned and best practices to current programs.  Effective training requires a strong discipline, leadership and dedication to improvement.

RELATED IMPACTS:
New programs have a strong need for fully trained and motivated workers.  Inadequate skills and tools can degrade their overall performance and adversely affect mission success.

PLAN INPUTS:  HIGH LEVEL
Identify availability and requirements for needed training courses based on surveys and establishment of priorities.  Schedule selected training programs to occur on a continuing basis and set aside appropriate time for attendance to allow effective use of available time.  Provide encouragement and appropriate incentives for attendance and achievement of improved skills and capabilities.

FALL BACK PLAN DESCRIPTION:
If disruptions occur due to program schedules, allow selected team members to help others as alternative teachers on an as needed basis.  Seek alternate sources of expertise and use them to augment training programs and fill in any gaps.
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ID#    3383



CATEGORY:
Systems Integration and Testing

POINT OF CONTACT/REFERENCE:
OSP Lessons Learned   5-27-2004   (Backup Presentation)
RISK TITLE:
Need for Early and Compatible Planning for Test Facilities and Test Articles

CONDITION:
Planning for development of test facilities (new and modified) and related test articles often proceeds without close coordination.  If not performed early in the program schedule, planning procedures may be inadequate and timely mitigation of problems determined by test programs may not occur.  

CONSEQUENCE:
Planning procedures may be inadequate if all facets of testing requirements are not properly addressed.  As a result, critical ground and flight testing programs may suffer from such problems as lack of long lead items, incomplete test articles and test beds, inadequate test procedures, unclear test objectives and unrealistic schedules.  Also, overlooking safety issues such as the handling of hazardous materials can become a restraint on meeting schedules.

CONTEXT:
Many times, testing activities are restrained by the lack of complete plans and the non-availability of supporting data.  Non-availability of required hardware and software when required can also restrict completion of needed testing when scheduled.  Detailed test planning is needed to address the many issues essential to a successful program. Proper instrumentation, data processing and test reports are necessary to help compare expected test results to actual conditions and to validate analytical models.

RELATED IMPACTS:

PLAN INPUTS:  HIGH LEVEL
Test facility designers and operators should work closely with test article developers to assure compatibility of test objectives, interface requirements and schedules.  An early start in planning efforts can avoid problems and delays later in the program. Also, determine that test operators are available and certified to perform planned testing program.

FALL BACK PLAN DESCRIPTION:
Develop an overall test matrix that correlates all testing and related facility requirements.  Ensure that test facilities are robust and flexible to be fully capable of meeting test needs (including future requirements, if possible). Early attention to environmental test requirements and need for automation support equipment is necessary. 
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ID#    3384



CATEGORY:
Systems Engineering

POINT OF CONTACT/REFERENCE:
OSP Lessons Learned   5-27-2004 (Backup Presentation)

RISK TITLE:
Selection/Availability of Vendors, Parts and Equipment Can Be a Critical Issue

CONDITION:
Availability of qualified vendors, components and equipment is an important consideration for space systems development and operations (including logistics support, spares and maintenance).

CONSEQUENCE:
Continuing delivery of needed parts, equipment and supporting services throughout all phases of a system’s life is a necessary requirement.  If effectively implemented, costs of system development and operational support can be reduced with additional benefits for safety and reliability.

CONTEXT:
Due to the high quality needed for aerospace parts and the unique nature of many space qualified items, it is important to carefully screen and select credible vendors with proven capabilities.  Otherwise, parts delivery issues can become a chronic problem with associated risks.

RELATED IMPACTS:
Based on previous experiences with space systems, vendors can go out of business or discontinue production of unique components.  Likewise, lower production rates of space launch vehicles and spacecraft (compared to aircraft production, for example) will tend to raise the cost of delivery (which includes special handling, acceptance testing, etc.)

FALL BACK PLAN DESCRIPTION:
Use available and qualified commercial and government furnished equipment, if possible.  This can reduce cost and help to accelerate the production and operational schedule.
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ID#    3385



CATEGORY:
Program Management/System Engineering

POINT OF CONTACT/REFERENCE:
OSP Lessons Learned 5-27-2004   (Backup Presentation)

RISK TITLE:
Concerns Regarding Preparation of Top Level Requirements

CONDITION:
Top level requirements may not be carefully and thoroughly prepared and reviewed prior to release.  This can lead to numerous problems and issues as the program proceeds.

CONSEQUENCE:
Non/optimal design solutions may result due to deficiencies or inconsistencies in the basic set of system requirements.  Interruptions in the design process can be costly and also result in schedule slippage.

CONTEXT:
Development of top level requirements for use on space programs necessitates a rigorous system engineering process and dedicated efforts by the sponsors.  A clear rationale and set of assumptions are essential to avoid confusion and disagreement about the interpretation and scope of the stated requirements.  Typical concerns include:

· Vague and unclear wording

· Failure to consider alternative design options

· Statements too restrictive, not feasible or unachievable

· Lack of sensitivity analyses or trade studies

· Limited validation process 

· Difficult to quantify and verify vague statements

· Statements reflect objectives and goals, not requirements

Top level requirements should follow established system engineering guidelines.  They should be clear, concise and feasible and allow refinement through reviews, debates and feedback from key stakeholders and implementers.

RELATED IMPACTS:
Designers can get ahead of the flow down of requirements.  This can lead to redesign activities particularly if the basic requirements have not been clearly defined and validated.

PLAN INPUTS:  HIGH LEVEL
Gain an understanding of the customer’s intent including priorities, assumptions, expectations, unique perspectives, etc.  Prior to release, solicit reviews and inputs by stakeholders, working groups and other key program participants.  Resolve issues through questions, debates and discussions between managers, designers, engineers and operators.

FALL BACK PLAN DESCRIPTION:
Trace system requirements to their respective data sources, analytical and trade studies, rationale, functional models, etc. to help in validation. Consolidate sets of requirements into one single document to avoid conflicts or confusion regarding which document takes precedence.  Show links to provide justification and validation of requirements.  Try to avoid requirement changes by resolving issues at the earliest date.  Use a “budget” approach to allocate and control reliability and cost (similar to approach used for weight control).
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APPENDIX E

RESEARCHER INFORMATION

DAVID L. CHRISTENSEN







David Christensen began his career in rocketry in 1953 at Fort Bliss, Texas and White Sands Proving Grounds in New Mexico.  He joined the Von Braun rocket team at the Army Ballistic Missile Agency in February 1956 working on Liquid Rocket Propulsion Systems for the Redstone, Jupiter and Saturn rockets and was Project Engineer for the Saturn H-1 rocket engine.  During this exciting period of time, at the birth of the space program, Dave and other members of the Rocket City Astronomical Society published a quality magazine called “Space Journal” which was distributed nationally.  Articles were contributed to the Journal by Dr. Oberth, Dr. von Braun, Dr. Stuhlinger and other key rocket team members to help gain public interest in space travel.  The proceeds of this volunteer effort were used to help build the local observatory and planetarium.


He started his own consulting firm in June 1960 to provide representation for aerospace firms and also provided key technical and management support services on the Saturn-Apollo Program under several contracts.  In 1967, he joined the University of Alabama in Huntsville (UAH) as a Senior Research Associate and initiated the Saturn History Program.  This program required extensive documentation research and interviews and resulted in the NASA book entitled “Stages to Saturn”.


Mr. Christensen was Director of Alternate Energy Research at UAH and led many research studies, conferences and workshops investigating the use of solar energy for Earth-based and space-based power systems.  In 1974, he led a special research effort under a NASA contract to investigate the use of the planned Space Shuttle for educational purposes.  He also supported research efforts and performed extensive interviews for the book “The Rocket Team”, the definitive story of the Von Braun rocket team.  He wrote the scripts for several educational filmstrips, which were narrated by Wernher von Braun including “Stations in Space” and “Dividends From Space”.


Starting in 1980, Mr. Christensen worked for several major aerospace firms including United Technologies, Wyle Laboratories and Lockheed Martin on a variety of space programs.  In 1990, he organized and chaired “The Space Summit-An International Conference on Manned Space Exploration” in support of the NASA Space Exploration Initiative.  He was Chairman of the National Space Club in Huntsville (1991-1992), is an Associate Fellow in the American Institute of Aeronautics and Astronautics, and a member of the Experimental Aircraft Association.  During 2001-2002, he was Chairman of the Space Propulsion Synergy Team (SPST), a national organization of volunteers that supports NASA space transportation programs with emphasis on propulsion system technologies and operational assessments.

E-1


Until his recent retirement  (May 2004), Mr. Christensen was Senior Staff Engineer and Manager of Business Development for Lockheed Martin Astronautics in Huntsville (1996-2004)  He was the Project Lead for liquid rocket engines and propulsion system integration on the Liquid Fly Back Booster  considered by NASA for replacement of the Solid Rocket Boosters on the Space Shuttle, and Program Manager for a high speed test-bed study by NASA to test combined cycle rocket/ramjet engines needed for our future space launch systems.  He was also the Lockheed Martin Team Lead on a NASA funded task to design a “clean sheet” reusable space launch vehicle incorporating air-breather engines for the booster and liquid hydrogen/liquid oxygen based rocket engines for the orbiter.


Since his retirement, Mr. Christensen has supported the UAH space program archives development and oral history projects. As a consultant, he has performed peer reviews of internal space exploration proposals for NASA Headquarters and performed research studies for Bigelow Aerospace to assess design concepts for inflatable structures used as habitats in orbit and on the surface of the Moon and Mars. He is currently supporting NASA in the development of knowledge based information systems that can provide selected expertise, lessons learned and related examples based on space systems design, development, operational and program management activities from numerous sources.
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