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Foreword 

The expression Lessons Learned has been an important concept in NASA and aerospace industries for many years.  It 
was conceived as a tool to perpetuate experience and keep from repeating costly mistakes. If  this is to be done, the 
lessons must not only be learned - they must be remembered. Experience has shown that as management systems and 
key people change the lessons are forgotten.  The crucial messages generated from the review of the Challenger 
accident must not be lost. We must keep them alive and readily retrievable to: 

• Help engineers build safety into their basic designs. 

• Provide check lists for trade studies and for development testing. 

• Help structure verification and validation plans and procedures. 

• Focus attention on high risk areas in management systems. 

• Provide punch lists for real-time risk assessment to be used in consideration of deviations and waivers. 

• Identify and develop detailed remedial actions to correct weaknesses in management evidenced by 
mistakes, failures, accidents, mishaps and safety problems. 

• Assist in prioritizing management attention in areas particularly vulnerable to critical oversights and 
human errors. 

• Help evaluate safety risk conditions. 

If all of these objectives are to be accomplished effectively, the lessons learned information must be entered in 
computer files with insight into its many eventual uses, and once retrieved, it must be recast to fit the specific 
application at hand. This task is not easy, but it is possible with skilled and dedicated people. The uses of these 
materials are limited only by the creativity and determination of the lessons learned practitioner.  The payoff - to keep 
from repeating costly mistakes - is worth the effort. 

George A. Rodney 
Associate Administrator for 

Safety, Reliability , Maintainability  and Quality Assurance 
National Aeronautics and Space Administration 
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Preface 

Results of this lessons learned study of the Space Shuttle Challenger accident is documented in two reports:  Lessons 
Learned From Challenger and Space Station Lessons Learned From Challenger. The first report records problems, 
causes and generic lessons learned for potential application to all ongoing and future programs and will be used by the 
Office of Safety, Reliability , Maintainability  and Quality Assurance Code Q, as part of the lessons learned transfer 
process. The second report extends the developed lessons learned to specific recommended applications for the Space 
Station Program and will be used in its ongoing program planning and implementation. 

This study was performed for the Safety Division, Code QS, by a contractor team headed by Planning Research 
Corporation.  Supporting team members were JLC Aerospace Corporation and Risk Management Associates, Inc.  In 
process study review was provided by both Code Q and the Space Station Program, Code S. 

Successful transfer of lessons learned necessitates joint study team efforts of this type, but specific continuing 
emphasis is required to assure that lessons are retained and applied to all programs. The format of the lessons learned 
portion of this report has been prepared to permit incorporation in computer files for tracking and reporting of 
applications. These active files with associated checklists and periodic reviews is a primary method to assure 
retention of lessons learned. 

Robert H. Thompson 
Director, Safety Division 
Offi ce of 

Safety, Reliability , Maintainability  and Quality Assurance 
National Aeronautics and Space Administration 
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Section I – Introduction 

1.1 Background 

After the loss of the Space Shuttle Challenger on January 28, 1986, extensive governmental investigations were 
conducted, primarily by two groups: The Presidential Commission on the Space Shuttle Challenger Accident and the 
U. S. House of Representatives Science and Technology Committee.  Their purpose was to identify the causes of the 
accident and to make recommendations regarding a safer Space Shuttle and a more effective NASA. 

In late 1986 after publication of reports from these investigating groups, it was recognized by both the Space Station 
Program management and the newly appointed NASA Associate Administrator for Safety, Reliability , Maintainability 
and Quality Assurance (AA/SRM& QA), that future application of lessons learned from the accident would be of 
signif icant value to the agency and especially the Space Station Program. This belief coincided with that of the House 
Committee: 

“ Although the Committee's concern and evaluation in this report are specifically related to 
the effective functioning of NASA's Space Shuttle Program, it should be understood that the 
larger objective and the greater responsibility are to insure that NASA, as the Nation's 
civilian space agency, maintains programmatic excellence across the board. 

“ What we as a Committee, NASA as an agency, and the Nation as a whole, also must realize 
is that the lessons learned by the Challenger accident are universally applicable, not just for 
NASA but for governments and for society....NASA and Congress must remember the lessons 
learned from the Challenger Accident.” 

This Congressional interest combined with the fundamental benefit recognized by NASA to be derived from such an 
effort, resulted in the initiation of a task designed to answer the question:  "What actions are necessary in Space 
Station development and operations to take advantage of the lessons learned from the Space Shuttle Challenger 
accident?"  Four basic steps were identif ied as necessary for task completion: 

1)	 Analyze the Challenger accident. Using the results of work performed by the Presidential Commission and the 
House Science and Technology Committee as primary source documents, analyze the events surrounding the 
accident.  Where possible, use NASA internal reports and responses to the two primary group's own reports to 
supplement the lessons learned development. 

2)	 Develop a set of consolidated lessons learned.  Document results of this analysis in the form of generic program 
lessons learned. 

3)	 Determine Space Station potential applications. Based upon an evaluation of Space Station development and 
operations planning, derive measures to apply the lessons learned. 

4)	 Conduct follow-on implementation.  When completed, the study would yield a basis for actual implementation 
actions on a detailed level showing traceability  to specific lessons learned.  Space Station Program management 
in conjunction with the AA/SRM&QA, would then decide appropriate follow-on actions. 

The first three steps of the agreed-upon task were combined into a single study which is the subject of this report. 
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1.2  Study Approach 

Implementation of the  lessons learned application study was assigned to the AA/SRM&QA Safety Division; a 
contractor study team was selected; and a NASA review team was established with representatives from both 
SRM&QA and Space Station. Study task descriptions and milestones were finalized and work was initiated in June 
1987. Primary source documents are listed in Figure 1-1.  Related reference documents  are listed in Figure 1-2. 

As part of the first study task, Problem and Cause Analysis, program elements were identif ied and problem areas 
grouped within the elements illustrated by Figure 1-4.  This organization provided the framework for identif ication of 
consolidated problems and their causes from which generic lessons learned and Space Station applications could be 
developed.  This Final Report documents study results under the fifth study task. 

Problems, causes, lessons learned and applications are provided in Section III of this report as items 1 through 29. 
Numbered references are listed in Appendix A keyed to corresponding paragraphs by the paragraph numbers. 

Figure 1-1.  Source Documents 
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Figure 1-2.  Related Reference Documents 

Figure 1-3.  Program Element Organization for Lessons Learned 
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Section II – Lessons Learned Discussion 

2.1 General 

A single underlying and pervasive problem, and as a result some inescapable conclusions, emerge from discussion 
items in this analysis and from investigations and testimonies reviewed in the reference documents. While some 
critical voids in the overall management system existed at the time of the 51-L accident, the basic problem was not so 
much lack of management system definition as it was lack of management system control. Some requirements in the 
system were ignored by both management and the work force; a breakdown in communications existed from top-level 
management to workers on the floor; there was a willin g abandonment of some critical management controls. 
Managers were pressuring the work force to break management rules in an attempt to maintain flight schedules. 

To put this condition in proper perspective, it should be noted that the United States space program was built on 
innovation and willin gness to circumvent or waive the rules to make productive things happen.  It is impossible to 
conceive of a tight management system that would offer complete control over unforeseen problems and 
contingencies.  There will be times when rules have to be circumvented or waived to accommodate urgent demands of 
the moment.  Conversely, it should be recognized that this philosophy can promote ill-conceived judgements and 
human errors if uncontrolled or taken to extremes. 

The Space Station Program should have a policy that management rules and requirements must be followed, unless to 
do so would cause greater problems and risks.  If the rules must be broken, it must be accomplished in a manner 
which ensures that all people and organizations having critical inputs and oversight management responsibilities 
know about the deviations in time to make deliberate and prudent decisions.  When rules are circumvented or waived, 
especially in a repetitive manner, assessments of the existing management system must be made to determine if 
changes to the system are required to eliminate the need for those deviations in the future. Also, it should be 
remembered that communication with the work force is crucial to the entire process.  For in the end, it is people -
down to those who are engaged in the most fundamental tasks - who ultimately control the success or failure of any 
complex endeavor. 
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2.2 Program Elements 

Lessons learned and Space Station applications are summarized for discussion purposes under the seven basic 
program elements illustrated in Figure 1-3.  A fundamental message for each element has emerged from the analysis. 
These messages are axiomatic, even philosophical, but need to be documented as a reminder of the 51-L accident and 
as a stimulus to prevent future occurrences. 

Provide continual, independent, program oversight and program review functions that 
emphasize safety. 

Ensure quality program and safety management that have clear definition of authority and 
responsibility and have resources commensurate with requirements. 

Maintain comprehensive and effective program processes and systems that support the safety 
risk management function. 

Maintain realistic plans that have provisions for flexibility, minimize outside pressures and 
stress flight and ground safety. 

Control effectively the development of critical items with respect to performance, 
environments, tolerances, margins, manufacturing processes, testing and safety. 

Implement the transition from development to operations with careful attention to criteria 
establishment, management structure, management systems,  enhancements and safety. 

Ensure quality performance of work force involved in safety critical operations including 
adherence to required procedures and constraints. 

Subsequent paragraphs of this discussion expand these basic messages and introduce the individual lessons learned 
contained in Section III. 
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2.3 Program Oversight 

Emphasize SRM& QA at all levels. 

SRM&QA efforts were curtailed and manpower was reduced because of the perception that the NSTS had reached an 
operations phase. It was not recognized that the very nature of any space venture dictates a measure of assurance 
efforts that continue throughout program life to maintain a healthy balance between safety, performance, costs and 
schedules. The Space Station with its many interfaces between nations, organizations, R&D projects and various 
types of operations from ground operations to logistics, to fabrication in space, to on-board experimenting and to 
space-launch, will need considerable SRM&QA resources to maintain acceptable safety risks.  Due to the dynamic 
nature of the Space Station and the continuing change in configuration and operations profiles, SRM&QA resources 
will have to be continually assessed to ensure the proper levels of effort and efficacy of the assurance functions at all 
program levels. 

Provide independent SRM&QA oversight. 

The 1986 Shuttle accident and the 1967 Apollo accident both have confirmed that without independent SRM&QA 
oversight, sooner or later, the urgent demands of meeting costs and schedules will lead to imprudent decisions 
affecting safety risks.  This was recognized by the 51-L Presidential Commission and Congressional Committee and is 
now a part of the NASA management policy expressed in the responsibilities of the Associate Administrator for 
SRM&QA.  With the advent of this new policy it was recognized also that this independence would be a difficult 
accomplishment in light of the workload necessary to carry out the primary SRM&QA responsibilities of the 
programs and the limited number of skilled assurance discipline people available. The complexity of the Space 
Station program will make this task of maintaining independent oversight a difficult job.  Oversight functions which 
lead to independent assessments for safety critical operations will have to be factored into both on-board and ground 
design and operations review processes.  In turn, this will necessitate many dual-role SRM&QA position 
responsibilities both on orbit and ground. 

Base safety risk determinations on hard facts. 

The decisions leading to go-ahead for 51-L launch were not based on valid environmental and performance analyses 
and test data. Instead, the decisions were made to fit the expediency of launch schedules. Questions were constituted 
in the form which elicited answers fitting a why we should not launch rather than why we should launch philosophy. 
The schedule type of pressures are indemic to space operations. There will be times in the Space Station Program 
where situations similar to the 51-L launch operations decision process will occur.  Go-ahead for all hazardous 
operations must be based on hard facts and deliberate analyses.  In turn, acceptance of safety risks must be determined 
formally and at the proper level of management. 

Audit for compliance periodically. 

One of the consequences of perceiving the NSTS to be in an operations phase and the subsequent reduction of 
SRM& QA resources was the drastic reduction of assurance audits by NASA and its contractors.  In turn, this led to an 
inordinate reliance on paper verifications of requirements compliance rather than physical validation checks.  Many 
of the critical non-compliance deficiencies pointed out by the 51-L investigation reports were the type that are 
routinely highlighted and corrected as a result of SRM&QA audits. Space Station must maintain a vigorous audit 
program throughout its life to avoid the consequences of non-compliance. 

Ensure effective problem resolution. 

The NSTS problem resolution system did not identify the SRB aft seal joint and other safety critical problems above 
Level III management review. While this was not the total cause of the improper dispositioning of the aft-seal joint 
problem, it did lead to a lack of visibility and focus of top-level management in addressing and resolving the problem. 
To avoid these mistakes, Space Station must maintain a comprehensive problem reporting and corrective action 
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(PRACA) system which includes all critical safety problems and establishes criteria for resolution of these problems at 
each level of management review. 

2.4  Program Management 

Define clearly authority, responsibility and interfaces. 

There were many changes in the NSTS program, contractor and SR&QA organizations prior to the 51-L launch. In 
turn, authorities, roles, responsibilities and interface relationships were changed and transitioned to new operations 
contractors from NASA internal organizations and its development contractors.  While reorganization was necessary 
because of changing requirements, there were some responsibilities that were lost in the handover and other 
responsibilities that lost their specific definition, especially in interface areas.  In SSP the problems of evolving and 
changing authorities, responsibilities and interfaces will be continual and will in crease signif icantly with first 
integration, launch and on-orbit assembly of Station elements. The impacts must be minimized by careful and 
judicious planning of changes at non-critical points in the Program. In addition, there must be a constant vigilance 
and meticulous reconciliation of authorities, responsibilities and interfaces to assure that critical management 
functions are covered during any change in content or organizational elements throughout the program. 

Include definition of dual responsibilities. 

Many dual responsibility  roles for in-line program and assurance management systems are necessary due to 
limitations in availability  of technical or specialist personnel. Part of the confusion in responsibilities that existed 
prior to 51-L was a result of these dual roles being inadequately defined.  Personnel were required in some cases to 
perform work and then were required to make judgements on how well it was done. While this task is not impossible, 
it is one that is contrary to human nature. Meticulous attention must be given to the definition of dual-role 
responsibilities to preserve independence for both program and technical review processes through various levels of 
management and SRM&QA oversight. 

Maintain adequate SRM&QA skills and resources. 

NASA and its contractor SR&QA resources (both funding and personnel) atrophied over a period of years prior to the 
51-L launch. In addition, many  professionals fillin g the limited positions did not understand the complex 
engineering and operations details necessary for effective performance.  Also, many of the more experienced 
professionals left the agency and its contractors during this time. While presently the budget for SRM&QA has been 
augmented to restore needed fiscal resources, a serious problem still r emains, that of acquiring all the skilled 
professionals needed to fill the added positions available and those planned with the growth of Space Station. Entry-
level and new hire training will be necessary by both SSP and its contractors.  In addition, there should be infusion of 
program design and operations engineers into the SRM&QA disciplines and cross training of experienced assurance 
engineers in the program line-engineering disciplines.  Due to the present scarcity of aerospace assurance engineering 
talent, recruiting and training programs should be continual and rigorous. 

Manage deviation and waiver process effectively. 

The deviation and waiver process was not adequately defined prior to the 51-L launch. Some policies and decision 
criteria for acceptance were unclear and ambiguous.  As a result, decisions leading to launch were made without 
adequate consideration of available engineering data or the consequences of incomplete critical data on performance 
and margins.  Also, no provisions were made for independent assessment in the decision process. The SSP must 
develop and maintain an effective definition of roles and responsibilities for organizations and personnel involved in 
the deviation and waiver process.  Rigorous methods must be provided for resolution of issues and avenues of appeal 
for higher-level management decisions. 
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Ensure that program management is skilled and motivated. 

At the time of the 51-L accident, NSTS management had little understanding of the mechanics or principal 
instruments of safety risk management. Also, many factors contributed to a tired and unmotivated work force with 
lack of personal commitment to excellence.  As a result, launch processing errors were not reported including failure 
to follow procedures for critical operations. SSP must establish and maintain effective safety risk management which 
is understood and practiced by both program management and the work force.  Criteria should be defined to reduce 
risks and should be monitored for compliance.  The pursuit of excellence which characterized NASA's early space 
ventures should be revitalized and a vigorous effort maintained to monitor and correct those conditions which lead to 
demotivation and lowered morale. 

Ensure that program critical knowledge is maintained. 

Despite the presence of signif icant amounts of information on the SRB aft field joint problems, both NASA and 
Thiokol managers failed to understand or accept the seriousness of the situation.  In retrospect, the data was there but 
it was not properly analyzed and packaged to focus the attention of upper management. SSP must not only gather and 
retain critical information, it must also analyze and package the information so that it facilitates management decision 
processes including safety risk assessments. The database must also permit recall for addressing repetitive and 
generic problems.  Previous lessons learned must be included. 

2.5 Program Processes 

Maintain an effective problem reporting and corrective action system. 

The NSTS Level II Problem Reporting and Corrective Action (PRACA) System in place at the time of the 51-L 
launch did not include all of the associated safety problems (e.g., SRB aft field joint was not included). The criteria 
for selection of reported items was limited to specific categories of failures, anomalies and problems.  The system was 
not designed to report and track corrective actions for all safety problems. SSP must maintain criteria for selection of 
safety problem reporting that will in clude all problems involving hazardous operations and mission critical 
components.  PRACA action items should identify effective management review requirements for accepted resolution 
of each problem. 

Include trend analysis and safety risk assessment. 

There was no organized trend analysis and safety risk assessment system prior to the 51-L launch.  Adverse trends 
indicating increases in safety risk were prevelant throughout the NSTS system. Also, there was no stated requirement 
for a safety risk assessment although much of the engineering review process, including the prelaunch operations 
reviews, addressed some of the issues which might normally be covered in a formal safety risk assessment. SSP must 
establish and maintain an effective trend analysis system and provide an organized approach to safety risk assessment. 
All of the incremental parts of the total risk assessment system must be carefully developed so that the inputs from all 
the NASA and contractor organizations are compatible and facilitate an organized routine and accelerated real-time 
safety risk dispositioning. 

Maintain an effective flight readiness review system. 

At the time of the 51-L launch, the flight readiness review system had deteriorated to a quick review of those items 
which were perceived to be new issues or anomalies from the previous launch.  In some cases reviews were conducted 
by teleconference in the absence of key personnel with presentations curtailed by time constraints. Often there was no 
record made of other key prelaunch meetings.  SSP must provide a rigor in its flight readiness reviews to assure that 
the consequences of all modifications and changes to Station elements, including processes and test/checkout 
procedures, are adequately evaluated against the baseline.  All organizations and personnel required to validate 
readiness decisions should be identif ied and their comments formally recorded. 
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Maintain an effective assurance information system. 

Information necessary to analyze risks and validate the launch decision were either not available or only accessible 
with great difficulty at the time of the 51-L launch.  Performance margins and factors of safety for critical components 
were not recallable in real time, and in the aftermath of the accident investigation, it was apparent that decisions were 
made on what was remembered of some critical test data. The SSP planned critical information system must include 
all information needed to make risk decisions, such as environmental certif ication limits, operational constraints, 
performance margins and safety factors.  It is imperative that this information be recallable in real time to support 
critical operations reviews and decision processes. 

Maintain an effective engineering change system. 

The NSTS change system was basically sound prior to 51-L, however, it was overloaded, and as the flight rate 
increased, the ability  to evaluate, test, certify and implement changes was seriously curtailed. Configuration 
management was inconsistent and critical Shuttle modifications were backlogged.  There were problems also in 
assigning the proper priorities to complete change items. SSP must provide a system for engineering changes that can 
keep up with the workload. Provisions should be made to augment the system and personnel necessary to evaluate, 
test, certify and implement peak change traffic.  Backlog trends should be analyzed and the information made 
available for program schedule and management review. 

2.6 Plans 

Maintain adequate crew safety planning. 

The crew had no escape provisions for the 51-L failure mode even if ejection seats, which were removed after the 
R&D flights, had been retained. It is well known that no quick and easy solutions to this problem currently exist. 
Any feasible crew escape system for the boost phase would be limited without a major Shuttle redesign. Space Station 
has more potential options and some added crew safety risks.  Crew emergency situations must be identif ied and a 
concerted effort made to provide safe havens in orbit or safe returns for likely emergencies.  Those situations where 
crew safety cannot be ensured should be described in detail and dispositioned through the safety risk management 
process. 

Maintain adequate contractual safety requirements. 

The NSTS contracts provide greater incentives to contractors for minimizing costs and meeting schedules than for 
performance and safety. Also, in many contracts the factors relating to grading of safety and safety deliverables were 
not properly defined.  As a result, there was very little incentive to excel in the safety tasks. SSP must assure that 
safety is properly incentivized in its contracts; planned contracts should be structured to provide realistic weighting 
factors.  Government and contractor personnel involved in incentive/award fee contract planning and implementation 
should be trained to assure adequate understanding and expertise in the methods of providing necessary safety 
incentives.  Recently completed SSP Phase C/D procurements should be reviewed to ensure adequate contractual 
safety requirements. 

Maintain adequate safety emphasis in the contractor selection process. 

In NSTS many of the contract awards were made with cost as the paramount weighting factor. Generally, SR&QA 
was evaluated as a part of each of the engineering, manufacturing, support and management factors.  This resulted in 
safety being a non-discriminator or at best a nearly indiscernable weighting factor in the contractor selection process. 
SSP must provide for proper consideration of SRM&QA when evaluating potential contractors as part of the 
procurement process.  Weighting factors should be commensurate with the safety risks and potential accident costs 
involved in completion of the contract. 
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Maintain realistic program plans including critical redesign provisions. 

Inordinate schedule pressure brought about by unrealistic planning was probably the most pervasive cause of the 51-L 
accident. In the zeal to achieve compressed flight schedules, managers ignored the impact on safety risks due to 
backlog in engineering changes, shortages in spares, elimination of mandatory inspections, deleterious results of 
worker fatigue and violations of launch constraints. SSP must provide policy and the management climate which 
assures considered and prudent judgements in balancing safety with schedules, performance and costs.  Schedules 
must be realistically planned to minimize safety risks. 

2.7 Development 

Control critical environmental and performance specifications. 

The SRM aft seal joint assembly was not properly qualified or certif ied for unusual weather and launch operations 
environment at KSC. There were failures to define the integrated environmental and performance criteria, to quantify 
the ambient conditions, to design and test for all expected launch weather conditions and to identify all SRM 
performance limitations and safety margins. SSP must assure that environmental and performance envelopes for both 
ground and flight are adequately developed, incorporated and controlled in design and performance specifications for 
all critical items including distributed systems and integrated station elements. 

Control critical tolerances and margins. 

The SRM O-ring assembly was not designed with realistic tolerances and margins necessary to sustain operational 
integrity under actual flight loads, off nominal weather conditions or the degradation associated with reuse 
requirements.  The dimensional tolerances of SRM cases were exceeded with planned reuse; unusually precise 
tolerances and measurement accuracies were required during assembly; tolerances were routinely waived in launches 
without an understanding of the consequences of environmental and flight loads; and the degradation effects due to 
reuse were not analyzed.  SSP must assure that the design verification process includes effective analysis and testing 
to characterize the limits of safe performance and operational environments for all operations critical components. 
Design tolerances must be compatible with expected process controls and operating conditions including those 
associated with reuse of these components. 

Control critical test specifications. 

Parts and material performance and environmental test specifications for the SRM aft field joint assembly were not 
properly defined. The SRM O-ring specifications did not contain realistic performance or temperature requirements 
for test and they did not specify certif ication tests to verify design margin integrity with the expanded case dimensions 
resulting from reuse.  In addition, the putty used in the SRM aft seal joint was not properly specified and certif ication 
testing was inadequate.  SSP must provide a system to control test specifications for critical components. Operating 
conditions including likely off-nominal conditions and resulting stress profiles must be accurately transposed into test 
specifications which will r esult in validation of all critical margins. 

Control critical design characterization and verification. 

The parts and materials used in the SRM aft seal joints were not properly characterized and their design margins were 
not properly verified in qualification and certif ication testing.  In addition, the specifics and extent of the test 
verification could not be traced through the NSTS management system. SSP must provide a system to assure that 
critical components and materials are accurately characterized and that critical properties are verified by test and 
inspection. This must include meticulous accounting to ensure that operations, environmental and performance 
requirements have been realistically verified and that traceability  of data is provided to allow ready access for 
engineering review and assurance oversight. 
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