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FOREWORD

This Summary Report was prepared for the Jacobs Sverdrup ESTS Group under Purchase Order Number 11469.  It provides the results of tasks defined in the agreement and incorporates work performed during March, April and May, 2007.
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 and previous efforts and is provided as Appendix A.

INTRODUCTION

This three month research effort was initiated on March 1, 2007 and completed May 31, 2007. It is a continuation of similar work that was performed during the period of September and October, 2007 under Purchase Order Number 11373. 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 documents and other available materials.

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 supports the NASA Knowledge Based Risk (KBR) program and Marshall Space Flight Center (MSFC) contributions to 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 (ARM) - KBR data folder in selected categories (https//www.ice.exploration.nasa.gov). As a result, it is expected that KBR information will be used to enhance risk mitigation processes, provide analytical procedures and 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 that may not have been involved in the original entry or activity.
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STATEMENT OF WORK

The following statement of work formed the basis for this project.

Background/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 risks and reinforce more positive design, engineering and management results.

Task Descriptions

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 consideration.

Task 2:

Support the development of selection criteria and formats needed for selection of knowledge based risk candidates of interest.

Task 3:

Support the preparation of data files needed for entry of selected information into a data base.

Task 4:

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

Task 5:

Support the preparation of materials and a report to document the results of the described tasks. The report shall include a discussion of research activities performed in the development of the data, results of bibliographic research, research support plans and recommendations and completed data sheets required for entry into the NASA Knowledge Based Risk Data Base.
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SOURCES OF INFORMATION

A large number of references and information sources were available for this effort. They include a large number of lessons learned documents, CDs, DVDs, web sites, electronic data bases and related resources. Appendix B provides a listing of CDs and DVDs that were received for review in mid-April. This large collection of information necessitated a request for a one month no-cost extension on the purchase order schedule which was accepted.
A valuable source of information is the Launch and Space Systems e-Library (LaSSe) maintained at the NASA Marshall Space Flight Center. The data base owner is Mr. Eric Hyde of MSFC. He was very helpful in providing a listing of selected documents containing lessons learned data used for this project.

Several meetings and telephone conferences were held with NASA representatives/KBR team members and contractors which helped to provide needed insights and direction for selection criteria and prioritization of research efforts.

STUDY RESULTS

A detailed review and analysis of available documents and related CDs and DVDs was performed. Particular attention was given to lessons learned that had 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. In addition, emphasis was placed on addressing current risk areas of concern as identified in NASA listings of Top Project Risks and related materials. The consolidation and integration of diverse information sources was required to develop the applicable KBRs.
After intensive review and assessment, key entries were prepared and are submitted for KBR application.  These are provided as Appendix D.
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RECOMMENDATIONS
The following recommendations are submitted as a result of the research activities performed during this project.

1. To support “Video Nugget” development, it is recommended that various oral history projects which incorporate video and DVD interview recordings of veteran space program experts be considered as a valuable resource. Although many of the personal interviews are not tailored to provide specific examples of lessons learned or risk reduction ideas, the interview relationship could be expanded to allow a more “tutorial or knowledge transfer” format. For example, over sixty retired NASA and contractor individuals have recorded their life stories through a program made possible at the Library Archives located at the University of Alabama in Huntsville. (http://media.eb.uah.edu/NEW_NASA_ARCHIVES) This provides an on-line source for reviewing the interviews. Through a review and screening process, this material could form the basis for support of the KBR “Video Nugget” activities and a new source of lessons learned and KBR inputs. This activity would be supported by Dr. Charles Lundquist and Robert L. Middleton ( retired NASA employees and UAH personnel).
2 It was requested that ideas for stimulating broader awareness and application of KBR data be investigated by the researcher. As a result, a preliminary plan was submitted which described an approach for meeting this objective. It incorporates the use of a simple survey format which could expose potential users to KBR information sources and benefits and provide feedback needed to further improve the overall effectiveness of the KBR program. Appendix C provides the preliminary description and outline of this proposed activity.

3 In reviewing KBR interests which were developed during this project (See Appendix D), several ideas and key recommendations may be of interest.  These include:

a. Try to avoid long periods of program development and achieve operational status as soon as possible.
b. Develop and use a “mission success checklist” incorporating key program elements needed for successful development and operation.

c. Focus on life cycle cost reduction and control but include adequate reserves and margins to accommodate potential changes and unexpected events.

d. Carefully consider both the capabilities and limitations of heritage hardware and software.
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e. Encourage team work, a sense of ownership and the application of innovative and creative ideas at all program levels.

f. Consider the development and use of “War Rooms” (Information Control Centers) to support team thinking and effective decision making activities.

4. Continue to glean appropriate KBR entries from the large source of lessons learned and related materials. However, due to the nature and structure of the available resource materials, these could also be converted to a series of Design and Engineering Rules, Selected Processes, Best Practice Manuals, Management Guidelines, Risk Reduction Case Studies, Seminars, Workshops and Short Courses.

SUMMARY AND CONCLUSIONS
Reviewing the available information, extracting the necessary data and preparing effective KBRs for data base entry can be a slow and tedious process. There is a large amount of potential information but, on closer examination, it may not be compatible with or suitable for a required risk description and mitigation format. This is usually due to inadequate or non-related information.

Efforts should be focused on preparing KBR data through a continuous development effort whereby program managers and engineers can recognize potential risk areas as they occur and document the conditions and related mitigation efforts.

Additional efforts are needed to obtain feedback and interaction with potential KBR users through a process such as the approach described in Appendix C and/or the use of special publications, seminars, workshops, etc.
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APPENDIX A -- KBR  ACRONYMS
ACP

Advanced Capabilities Program

AEE

Advanced Engineering Environment

APPEL
Academy of Program, Project and Engineering Leadership

ARM

Active Risk Manager

ASK

Academy Sharing Knowledge

BP

Best Practices

C3PO

Commercial Crew and Cargo Program Office

CaLV

Cargo Launch Vehicle

CAN

Corrective Action Notice

CEV

Crew Exploration Vehicle

CIL

Critical Items List

CLV

Crew Launch Vehicle


COP

Communities of Practice

COTS

Commercial Off-the-Shelf

CPMR

Center for Program / Project Management Research

CRM

Continuous Risk Management

CRS

Congressional Report Service

CxCB

Constellation Control Board

DAC

Design Analysis Cycle

DDT&E
Design, Development, Test, and Evaluation

DRM

Design Reference Mission

ESAS

Exploration Systems Architecture Study

ESMD

Exploration Systems Mission Directorate

FMEA

Failure Modes and Effects Analysis

FMECA
Failure Modes and Effects Criticality Analysis

FTA

Fault Tree Analysis

FTD

Fault Tolerant Design

HA

Hazard Analysis

HRP

Human Rating Plan

ICD

Interface Control Document

ICE

Integrated Collaborative Environment

IDE

Integrated Design Environment

IDT

Integrated Discipline Team

IHM

Integrated Health Management

IM&S

Integrated Modeling and Simulation

IRMA

Integrated Risk Management Application

IPT

Integrated Product Team

ISS

International Space Station

ITAR

International Traffic in Arms Regulations

JSC

Johnson Space Center



JPL

Jet Propulsion Laboratory

KBR

Knowledge Based Risk

KIS

Keep It Simple
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KM

Knowledge Management

KMS

Knowledge Management System

KSC

Kennedy Space Center

LAS

Launch Abort System

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

NESC

NASA Engineering and Safety Center

NGLT

Next Generation Launch Technology

NRC

National Research Council

OSP

Orbital Space Plane

PAL

Pause And Learn

PBMA

Process Based Mission Assurance

PgRAM
Program Risk Assessment and Management

PHA

Process Hazards Analysis

PRA

Probabilistic Risk Analysis

PRT

Problem Resolution Team

QA

Quality Assurance

R&KMWG
Risk and Knowledge Management Working Group

RAC

Requirements Analysis Cycle

RID

Review Item Discrepancy

RDT

Requirements Development Team

RMB

Risk Management Board

RMP

Risk Management Plan

RMWG
Risk Management Working Group

RRV

Risk Review Board

S&MA

Safety and Mission Assurance

SAMP

Systems Acquisition Management Plan

SE

Systems Engineering

SBA

Simulation Based Acquisition

SEMP

Systems Engineering Management Plan

SLATS
Space Launch and Transportation Systems

SMA

Safety and Mission Assurance

SME

Subject Matter Experts

SRD

Systems Requirement Document

SR&QA
Safety, Reliability and Quality Assurance

SSP

Space Shuttle Program

STS

Space Transportation System

VSE

Vision for Space Exploration

VV&A

Verification, Validation and Accreditation

WBS

Work Breakdown Structure           
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APPENDIX B
NASA PROVIDED CDs and DVDS (Total 52,263,645,184 Bytes)
Title




Date


Catalog Number
Lunar Data Mining Project

Jan. 11-12, 2005
S.O.169290

(Consist of seven DVDs)

Disk #1
4,682,379,264    Bytes

Disk #2
4,046,417,920    Bytes

Disk #3
4,681,625,600    Bytes

Disk #4
3,897,159,680    Bytes

Disk #5
4,681,461,760    Bytes

Disk #6
4,682,543,104    Bytes
Disk #7
4,683,722,752    Bytes

Creative Design Solutions

Mar 2, 2006

85466 720940 & 720941

Apollo Lessons Learned

(Consist of two DVD’s)

Disk #1
4,059,852,800    Bytes

Disk #2
3,343,413,248    Bytes

Lessons Learned Workshop

Mar 15, 2007

(No catalog number)

One CD
372,690,944      Bytes

Lunar E-Library





5-43558

One DVD
4,698,146,816   Bytes

SLATS



Sept., 2006

Disk #1
2,556,260,352   Bytes

Disk #2
4,278,906,880   Bytes

Orbital Space Plane Lessons Learned      2004


Rev. A


One CD
129,077,248    Bytes



Courses



2-23-2007

(No catalog number)
One CD
401,102,848   Bytes
Courses #2



2001-2006

(No catalog number)

One CD
391,585,792   Bytes

LL WS5 & Simulation Based Acq.
9-15-2006

(No catalog number)

CD Handout
677,298,176   Bytes
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APPENDIX C
PLAN FOR IMPROVING KBR AWARENESS and APPLICATION
BACKGROUND/OBJECTIVE

There is a need to improve the current process of preparing, accessing and, particularly of applying the knowledge base of experience gained from previous and related programs. Many efforts have been developed to support this need with additional activities now underway. A general concern and common complaint is the apparent difficulty of establishing ways to improve the “knowledge infusion” process to meet the perceived needs of managers, designers, developers and operators of space exploration systems.

An approach is provided that can support the implementation of a practical effort needed to improve communications and establish more effective flow of knowledge based risk reduction information to the user.

PROJECT APPROACH

A logical sequence of closely related tasks will be employed to accomplish the goal of improving the flow and utilization of needed KBR information. These tasks are designed to stimulate and gain the support and involvement of potential KBR users.

Task I:

Develop the format and elements for a sample survey to identify the needs and interests of selected users of KBR information (see preliminary example on next page).

Task II:

Select the candidate recipients of the sample survey (based on TBD criteria) to obtain an indication of the effectiveness and usefulness of this approach and activity.

Task III:

Develop appropriate briefing materials and determine the willingness of selected individuals to participate in the survey.

Task IV:

Provide an information package to agreeable participants and solicit the needed feedback.

Task V:

Review the results of the sample survey and prepare a summary report for further review.

Task VI:

Identify and prepare recommendations for additional efforts including the possible need for a broader survey. This could help to develop more effective ways to meet the needs of the KBR user community.
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PLAN FOR IMPROVING KBR AWARENESS and APPLICATION

SAMPLE SURVEY OUTLINE

It is proposed that the following type of information be acquired and used to help identify the needs and interests of selected KBR users.  A simple format and set of instructions will be developed to help make the survey user friendly.

Introduction and Background    (KBR Program and Plans)

Purpose and Objective of Survey    (Rationale and Benefits)

Typical Areas of Interest    (Question/Answer Format)

1. Determine current interest in KBR and lessons learned activities

2. Determine awareness of short courses, data bases, mentoring, best practice manuals and other KBR dissemination methods

3. Describe any experiences (good and bad examples) in acquiring and using KBR related information

4. Describe any particular concerns that KBR information might help to solve

5. Provide recommendations and preferences for improvements in accession and utilization

6. Provide space for additional comments

7. Provide participant information (contact, responsibility, areas of interest, etc.)
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APPENDIX D

KBR DATA BASE ENTRIES

ID#

RISK TITLE


Fault Tolerant Design (FTD) Approaches Not Clearly Defined



Disruptive Gaps Can Occur From Restrictive Program Changeover Plans

Overly Sensitive Designs and Complex Interfaces Can Reduce System Reliability

Limitations of Heritage Hardware/Software for Use in New Applications

Lines of Authority and Responsibility Not Clearly Defined

Consequences of Using Limited or Invalid Information for Support of Key Decisions
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ID#



CATEGORY:
Program Management/System Engineering

POINT OF CONTACT/REFERENCE:     LASSE Data Base   (BP.07.0021) - NASA TM4322A  

                                                                    (PD-ED-1246)

RISK TITLE:
Fault Tolerant Design (FTD) Approaches Not Clearly Defined

CONDITION:
Lack of clearly defined fault prevention and tolerance design and engineering approaches can limit system reliability, safety and life cycle cost reduction and have direct impact on mission success.  It is difficult to predict future problems and failure modes and mitigate their occurrence early in the development cycle.

CONSEQUENCE:
Severely degraded or premature mission termination can occur if hardware/software designs do not incorporate features which can prevent and/or tolerate identified failure modes and the effects of unexpected failures.

CONTEXT:
Failure modes related to space transportation systems can be traced to a number of root causes.  Numerous studies have assessed and prioritized the criticality of the identified failure modes.  A proactive and early approach is needed to meet system requirements and incorporate effective fault tolerant design, development and operational practices needed to reduce and/or eliminate potential failure modes.

RELATED IMPACT:
Critical concerns such as fracture, stress corrosion and structural failure have plagued rocket and spacecraft systems for decades.  Other typical concerns include fluid leakage, improper ignition and combustion in thrust chambers, operations outside of the stated limits and various functional anomalies.  Human error in the design, manufacturing and operational phases has also been a major cause of failure and is very difficult to anticipate and prevent.  Costly fixes are required to resolve these problems due to re-design, extensive test programs, schedule slippage, and increases in life cycle costs with inherent budget overruns.

PLAN INPUTS:
HIGH LEVEL
Based on top level system architecture requirements and knowledge of systems function and operation, define analytical design and development approaches which will enhance mission success even in the event of potential failure modes/system degradation conditions (i.e., through use of selected redundancy features, engine out capability, incorporation of “fail-safe” systems/sub-systems, etc.).  Focus on interface and control functions. Use best practices and proven design rules which relate to improving overall reliability and operational capabilities.  Use robust design margins throughout the system to permit broader operational criteria and abort protection.  Address the interaction of the human element in regard to safety and risk factors particularly at system interface nodes.

FALL BACK PLAN DESCRIPTION:
Separate developmental and operational activities to help ensure that demonstrated capabilities are proven and ready for the operational phase.  Identify and anticipate potential failure modes through the use of established and validated processes and procedures.  Review previous failure modes and Fault Trees and apply Failure Modes and Effects Criticality Analysis (FMECA) as early as possible.  Early elimination of failure modes and use of fault tolerant design methods will enhance system safety and reliability and achieve significant life cycle cost savings.
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ID#




CATEGORY:
Program Management

POINT OF CONTACT/REFERENCE:
Apollo, Skylab, Space Shuttle and ISS Lessons Learned

RISK TITLE:
Disruptive Gaps Can Occur From Restrictive Program Changeover Plans

CONDITION:
Space program development and operational activities can suffer from various limitations which restrict a smooth transition from a retiring system to the next generation system.  These limitations include budgetary, availability of skills and facilities, etc. which may adversely affect a number of critical and essential programmatic activities.

CONSEQUENCE:
Shut-down and start-up of major programs can cause prolonged gaps and periods of disruptions when critical missions and operations are not performed.  (An example includes the period when the Saturn and Skylab Programs were terminated with a gap of seven years without US manned space flight – until the space shuttle began to fly in 1981.  Another example is the gap now faced between the retirement of the Space Shuttle and when the Ares and Orion initial operational flights begin.)

CONTEXT:
It is difficult to develop and operate government funded space transportation systems in an orderly manner (particularly if flight failures disrupt the normally planned mission flights, and development flights and fixes overlap the planned operational schedule).  Normal industrial practice for product development dictates the need for a smooth transition for replacement by improved models and completely redesigned systems (i.e., automobile and commercial aircraft practice).  This requires careful planning to avoid disruptions with the work force, manufacturing, testing, and the customers.  Space transportation systems should also establish realistic budgets and schedules to avoid costly gaps and discontinuities in program and product development.  Long term budgetary commitments including multi-year funding are essential for successful programs and should require the highest priority.

RELATED IMPACT: 
Schedule delays can have negative effects on funding and life cycle program costs.  In addition, national leadership and human space exploration can be jeopardized as other nations are showing increased interest and funding support toward this key capability.  Lowered work force morale and human error problems due to stress are more likely during periods of transition and program shutdown.  Program changeover may require the need for costly new facilities or extensive modifications while old facilities are still needed until program termination.  Safety is always a factor especially during periods of major change.  Effective use of trades and attention to life cycle cost analyses can also be neglected due to the pressures of overlapping programs during periods of transition.

PLAN INPUTS: 
HIGH LEVEL
Try to avoid “stop and go” program initiatives and implement those plans that have been approved and accepted. There are many examples of needed programs that failed to reach maturity (usually due to budgetary restrictions) such as Shuttle-C, the National Launch System, the Space Launch Initiative, Next Generation Launch Technology, Liquid Fly-Back Booster and Highly Reusable Space Transportation systems. If these program funds had been applied to a viable replacement for the Space Shuttle, and resulted in a parallel development effort, the stop and go problem could have been alleviated. Concurrent programs need to be funded at a phased level in order to allow a smooth transition without costly gaps and disruption of needed operational capabilities.  The “First Rule of Wing Walking” needs to be applied - i.e. “don’t turn loose of a strut until the next one is grasped”.  Develop and use a “Mission Success Checklist” incorporating such key elements as architecture, funding, leadership, risk management, functional requirements, performance, planning, team organization, trades, processes and execution criteria required for successful completion and operation of the new program.  Apply validated lessons learned, knowledge based risk reduction techniques and best practice rules to the check list and throughout the program structure.
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FALL BACK PLAN DESCRIPTION:
Clearly establish the new program goals, schedule, milestones and multi-year funding requirements up front. Develop a plan to sustain sponsor commitment and sustaining resources throughout the program life cycle. Retain experienced development teams to continue work on next generation system development.  Don’t start new programs until budget availability and cost estimates match and funding profiles can ensure uninterrupted work flow and program stability. Focus on life cycle cost reduction and control with adequate change reserves and margins. Include competitive designs, trades and incentives to realize the optimum total system and incorporate metrics to evaluate success.  Develop and apply design and analytical tools that incorporate “Mission Success” as the primary objective.
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ID#





CATEGORY: 
System Engineering

POINT OF CONTACT/REFERENCE:
 Space Shuttle Lessons Learned

RISK TITLE:
Overly Sensitive Designs and Complex Interfaces Can Reduce System Reliability

CONDITION:
Space transportation systems incorporate many high performance and heavily stressed components and subsystems.  These elements can be subject to wide variations in both natural and induced environmental conditions and be subject to operational limits beyond their projected levels of safe performance. Also, interface conditions can be overly sensitive to uncertainties and dynamic interactions which can develop during the operational phase of the system.

CONSEQUENCE:    If the system is not designed to compensate for off –nominal conditions and unexpected interactions and couplings of system elements/interfaces, mission success is restricted and the risk of failure is increased.

CONTEXT:
 Component, subsystem and other element interactions may be subject to unexpected or unplanned conditions which can place critical interfaces into an overly sensitive performance level and possibly resulting in system failure.  For example, when the Space Shuttle Challenger was subjected to unexpected low temperatures at the launch site, the flange seals on one of the Solid Rocket Boosters failed and allowed hot gases to lead to mission loss.  Aging effects on materials are also of concern.  Striving to meet overly optimistic performance goals can lead to thin design margins at system interfaces.

RELATED IMPACT:
Catastrophic system failures can lead to loss of life, long periods of operational stand-down, costly fixes and reworks and disruption of budgetary allocations which may have been planned for other critical programs.

PLAN INPUTS:  HIGH LEVEL
Reduce the number of parts and interfaces to alleviate system complexity, interactions and operational requirements.  Verify that critical requirements are clearly understood and not compromised due to wavers and/or redefinition of original requirements. Consider the value of combined environmental testing and limit testing to ascertain the robustness levels of components, subsystems and the over all system.  Ensure that uncertainties due to interface sensitivities are carefully addressed and overall reliability is improved through the use of healthy design margins.

FALL BACK DESCRIPTION:
Anticipate both natural and induced environmental conditions at the system level and related impact on every aspect of component and subsystem interactions.  As an example, major disruptions have occurred at the launch site due to hail stone damage to the Space Shuttle External Tank (impact damage to the insulating foam has happened on two separate occasions, STS-96 and STS-117).  A simple protective cover could be used to cushion hail stone impact and help prevent damage from this type of natural environmental event from occurring in the future.  The cover would be removed shortly before launch. It might also be helpful in reducing woodpecker damage to the (ET) foam which has also occurred on occasion. (About six dozen holes were gouged into the ET insulation of STS-70 by woodpeckers which required extensive repairs). Costly repairs and schedule slippages have resulted from these unexpected events and they can happen again.  
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ID#





CATEGORY:     Systems Engineering






POINT OF CONTACT/REFERENCE:
Lessons Learned

RISK TITLE:
Limitations of Heritage Hardware/Software for Use in New Applications

CONDITION:
Use of heritage hardware and software in a newly derived system can offer certain advantages but may also introduce other considerations that need to be carefully addressed. The original analytical and design data may not be available and changes to the natural and induced environmental conditions may not be compatible with the new application.

CONSEQUENCE:
Over reliance on existing and previously developed hardware and software may introduce a number of situations and conditions that may not be anticipated or known. These potential impacts may negate the expected benefits (cost savings, use of existing data, operational experience, etc.) from use of the heritage hardware/software elements.

CONTEXT:
Available and/or previously developed hardware and software has been applied in a number of derived missile and space systems. Successful examples include the modification of the Navaho missile propulsion system for use in the Redstone, Jupiter, Thor and Atlas military rockets. In addition, the Jupiter S-3D rocket engine was adapted for use in the successful Saturn 1 and Saturn 1B space transportation system (which used a cluster of eight Rocketdyne H-1 engines). Other ideas have been proposed for use of heritage hardware including the Shuttle-C program and current plans for modifying the Shuttle Solid Rocket Boosters and the Saturn upper stage J-2 rocket engine for use in the Ares space launch system. An example of unsuccessful use of heritage software includes the problems resulting from an attempt to utilize the Ariane 4 guidance software in the Ariane 5 rocket without carefully considering the unique differences in the overall systems. This resulted in a mission failure during an early Ariane 5 launch. A careful analysis of total system conditions and interactions is essential if heritage hardware and software is to be successfully applied. Life cycle cost impact due to the need for extensive modifications and differences in operational parameters and mission profiles are also of concern. (“It may sound good…..BUT!”)

RELATED IMPACT:
Anticipated benefits from use of previously developed equipment may be over rated. Cost and schedule savings may not materialize if extensive modifications to and tailoring of the equipment is necessary. Also, restarting production of older equipment may be difficult and costly, particularly if the vendor base is no longer available.

PLAN INPUTS:
HIGH LEVEL
Carefully review available data related to the actual performance and operational limits of any heritage hardware and software being considered for new applications. Functional and program requirements for the new applications should also be carefully reviewed to identify any potential risks due to differences in mission profiles, trajectories, system dynamics, physical restraints, weight limits and cost impact. Address each identified risk from a system standpoint and assess the relative cost versus benefit through a series of trade studies which compares the advantages and disadvantages of applying the heritage hardware and software to advanced systems.

FALL BACK DESCRIPTION:
Use of simulations, breadboards and special test articles can be used to verify and validate that heritage hardware and software can make positive contributions to new programs. This will help to ensure system compatibility and that operational interfaces are safe and reliable. Also prepare detailed operational interface specifications and underlying assumptions to support comparative analyses and necessary test plans.
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CATEGORY:
Program Management

POINT OF CONTACT/REFERENCE:
Lessons Learned

RISK TITLE:
Lines of Authority and Responsibility Not Clearly Defined

CONDITION:
Management actions may not be based on clearly established lines of responsibility and authority. Faulty decisions could be made due to unrealistic assumptions and disruptions due to adversarial roles and turf battles.

CONSEQUENCE:
Disruptive impacts can occur throughout program development and operational phases if strong leadership and close knit teamwork activities are not established upon program initiation and maintained throughout program lifetime. A continuous “fix-it” and “catch-up” mentality can become a generic pitfall that penalizes effective and efficient management practice. Life cycle cost control will likewise be difficult to maintain.

CONTEXT:
On complex space programs, it may be difficult to establish an ownership mentality due to often conflicting program inputs and participants. A dedicated and close knit core team is mandatory for success plus a capable and recognized “Chief Designer/Manager” needed to establish and integrate those program team capabilities and qualities necessary to achieve mission success. Often, there may be too many players assigned to programs that are not essential for accomplishment of assigned tasks. This can slow down progress and require unnecessary steps in communications and meeting activities.

RELATED IMPACT:
Conflicting opinions and “stovepipe” mindsets can hinder the smooth integration of overall program developments. All program participants must clearly understand the program plan, be motivated to support the effort and be accountable for their individual actions. Otherwise, there may be a continuous response to disruptions and need for untimely efforts to correct avoidable problems.

PLAN INPUTS:
HIGH LEVEL
Establish clear lines of authority and responsibility for risk assessments, decision making, resource allocation and task assignments. Maintain sound judgment and effective use of available skills and capabilities. Work closely with the customer to establish an agreed upon set of requirements, resources and schedules needed for mission success. Stimulate mutual ownership of program and design features through team dynamics and open lines of communications.

FALL BACK DESCRIPTION:
Establish core team relationships and try to maintain close proximity of key team members and working groups with representation from all phases of program design, engineering, manufacturing, tests and operations as well as close involvement of acquisition, cost, and public relations support groups. Maintain a streamlined (“lean and keen”) management approach that can establish program ownership and respond quickly to evolving program management needs. Encourage the application of innovation and creative ideas at all program levels and phases.
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CATEGORY:
Program Management

POINT OF CONTACT/REFERENCE:
ESAS Lessons Learned Debrief

RISK TITLE:
Consequences of Using Limited or Invalid Information for Support of Key Decisions

CONDITION:
Management decisions based on inadequate inputs or invalid information can generate negative conditions and consequences throughout the life cycle of the program.

CONSEQUENCE:
Negative impacts and consequences on safety, reliability, operability and life cycle costs can result from premature judgments and dubious management decisions. Likewise, mission plans, schedules, flight rates and cost overruns may be adversely affected unless careful attention is paid to assuring the accuracy and applicability of all key decision factors and inputs.

CONTEXT:
It is essential that correct and realistic ground rules, assumptions, requirements, and design and mission success criteria be used if a program is to realize successful and cost effective operations. A review of the cost/benefit ratio of major space programs indicates that the actual costs can far exceed the original estimates. Extended development periods and long delays in reaching operational maturity have also resulted in very large cost overruns. Program cancellations are also of concern if realistic benefits are not determined to be of equivalent or greater value than the projected costs. Affordable systems that consider both budget limitations and political conditions are needed.

RELATED IMPACT:
Premature loss of key resources and infrastructure elements that may be functional and useful to emerging programs may result from misleading assumptions and premature decisions. Loss of needed skills, experienced team members, qualified equipment, parts, vendors and suppliers may also occur. The interruption of existing “logistical chains and pipelines” that took many years to establish is also possible. It is difficult and costly to reestablish key working relationships at all program levels.

PLAN INPUTS:  
HIGH LEVEL
Use multiple performance metrics to support the decision making process. Be very careful to review and verify that all assumptions are accurate. Maintain a global and overall system viewpoint and employ an integrated team approach to support key decisions. Consider all potential impacts on risks and mission success. Maintain accountability for decisions made (both good and bad) and integrate cost controls into each step of the development process. Use independent reviews to help support and confirm key management decisions. Also consider the use of a specialized management information center (often known as a “War Room”) to support team-based thinking and to help generate and implement effective decision making activities and review related tracking and monitoring actions. This type of communication tool has been very effective on a wide variety of programs and for a number of different organizations

FALL BACK DESCRIPTION:
Be sensitive to budget limitations and related impacts on program schedules. Don’t fix the design too soon. Pay particular attention to all interface issues. Apply proactive risk management techniques by anticipating potential consequences of management and design decisions.

Verify the technical and economic feasibility of overall system architecture and design as early as possible.
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RISK TITLE:
Consider Impact of Various Constraints on Mission Success

CONDITION:
Program constraints can be overlooked and have a negative impact on mission success if not identified and/or resolved.

CONSEQUENCE:
Ignored or unanticipated program constraints will likely lead to problems and issues that need to be addressed and eliminated. This could require costly program “fixes” and disruption of normally planned development and operational activities.

CONTEXT:
Examples of constraints includes unsteady budgets and funding levels, scheduled requirements and changes, performance requirements/specifications, excessive margins of safety, limited test plans and funding, flight rate requirements (the original Space Shuttle flight rate was for sixty flights per year), unpredictable political support, etc. Overly optimistic estimates for such key items as weights and costs can also place undue constraints on the total system. When occurring together, constraints can become interactive and stimulate other problems and issues that may have additional adverse effects on the program. For example, a combination of budget limits and schedule delivery pressures can generate a situation whereby political and public support may be reduced, especially if firm commitments have been established and promised.

RELATED IMPACT:
If critical constraints are not carefully considered, the overall program could be jeopardized and/or cancelled. 

PLAN INPUTS: 
HIGH LEVEL
Identify the type, nature, and impact of each constraint that can limit mission success. Address each constraint and prepare a contingency plan which can mitigate and/or reduce the related overall program risk.

FALL BACK DESCRIPTION:
Try to achieve a balance of program requirements, design considerations, and operational plans that incorporate feasible design guidelines and criteria and takes into consideration any anticipated or potential program constraints. Try to avoid any wasted efforts that may be necessary to convert and/or modify program plans.
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