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History of MSFC Reliability Philosophy

Tonight I will discuss the History of MSFC Reliability Philosophy
which began with the Redstone Missile. There it was necessary to
establish specialized groups, such as design, manufacturing, checkout,
and launch. There was one small group assigned to take care of checkout,
This group took the documentation as it came from the drawing boavd,
checked it out thoroughly, and generated procedures necessary to perform
a good checkout. After the group had everything as well prepared as
they thought it could be done, the vehicle was moved into the bay
area far the checkout where the group ran into many difficulties.

There were workmanship, parts, and component problems, and there alse

were problems with the subsystems and the systems, After this experience

it was clear that a much more thorough preparation was mandatory. This
resulted in the systematic buildup of the receiving inspection go that
all components going into assembly were inspected before they were
released. This led to the systematic buildup of inproceses inspection
including checking those points where inspection ét a later time was
impoasible. Also developed at that tiﬁe were the step-by-step procedurss
which vwere necessary for the engilneer to familiarize himself with the

problems. They were excellent guidelines for performing the tests



and could also be used collectively as a training document for

'eople entering the profession. We developed at that time what is
now callad'pyramidalltesting. Hera we teated firet the parts, then
the components, then the subsystems, the ayatems; and eventually
performed a simulated flight test. With these steps taken and imple-
mented, the situation had improved. Closer contact was established
with the designer. Feedback to the vendor and manufacturer was

built up and we sdid that we had made progréss.

It was about 1958 when we had an unhappy experience. We had
received a shipment of valves from a manufacturer, who had established
a pretty good reputation, but all failed our acceptance tests, We
investigated the matter and found out that the manufacturer had not
recqived the proper technical requirements from the purchasing office.
We found furthermore that contracts often did not contain sufficient
quality control ﬁrovisions to allow the government to properly monitor
and assess the performance of the contractor., This explained to us
why we still had difficulties in getting acceptable hardware. This
hole was plugged by introducing a procurement review which made sure
that the requirements as they existed were made known to the contractog.
It was comparatively easy to discover the problem but it was much
more difficult to correct it., Although we started in 1958, it took

some years before we had it contractual and under control.

At that time we came to the concluait'm that we munt write

a document which covered the subject more complately thep we had

S


scanpc
Note
page 3 missing from archive



After we had iaid out the pattern in the prescribed way for the
quality assurance area, we realized that the next step would be to
set the frame work for a reliability effort based on the same funda-
mental principle: 1.e.; the marriage of theoretical analysis and
hardware effort. NASA document NPC 250-1 made an attempt to spell
this out, This step was not an easy one to sell, since the theoretical
approach emphasizing the importance of apportioning of numbers and
prediction prevailed at that time. We did not say that we did not
need or appreciate this effort, but that we just wanted to put it
" into proper perspective, using it as a tool which would enable us to
zero in on the proﬁlem areas, the resolution of which would require

utilization of many kinds of engineering disciplines.

Based on this backgrﬁund information, we have now a reliability
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effort, the main elements of which I would iike to discuss with you.

At the outset of a projact,'we ask for a Reliability Program Plan
which is finalized at the time 2 contract is let. This Plan must
show that there is a clearly identified group which will be responaible
for the management of the reliability program and that the head of
this group has unimpeded access to top management, and has the necessary
authority for proper discharge ofihis fesponsibilities. These
responsibilities include planning, funding, staffing, directing, and

monitoring the reliability effort to assure that the goals are achleved

at minimum cost and within schedule.

Formal reviews of the réliubility program or elements thereof,

by the contractor himself and by MSFC, to assess progress and effectiveness,



are another essential requirement. These reviews are scheduled at

ma jor milestones in the program and on other occasions as required.

Since we conaider our primary goal to be the achievement of
reliability, the effort must start with the design. 1In the design
area, we have one ground rule to which we adhere as closely as possible,
aﬁd it is: '"Use design features and components which are already
flight proven. Introduce new features and new designs only when you
have a very sound reason for doing so." We also give considerable
attention to redundancy, but aa.you know actual application of redun-
dancy is limited, since in the missile and vehicle field: you must be
weight conscious. Redundancy can be and is being appliefl comparatively
easily in areas where miniaturization and microelectronic circuits
can play a part, such as in computers, amplifiers, and emergency
detection systems. 1In other areas for example, the philbsophy of
redundancy can be applied only indirectly. The eight engines operating
the Saturn I and the advanced Saturn I have the so-called engine-out
capability provided, which means that if one engine fails, the lost

thrust is made up by increased burning time of the other peven engines.

Prior to procurement and manufacture, we need to asgure that
complete design specifications are provided for each hardware element,
subsystem, system, and end product. These apecifications include
performance and functional tolerances, design and process requirements,
mission profile, reliability goals, tests Eo: meagurement of compliamce,
a plan for statistical analysis of data, and inspaction gand acceptante

requirements, The specifications should leave mo doubt in the



contractor's mind what the requirements are and what use is intended
for the end product. It should contain no "how-to-do'" information
since thera are usually several approaches possible. The customer
should not be restricted to approaches previously taken except to

assure himself that the stated requirements can be met,

This complete information is not only to be given by us to
the prime contractor, but we expect the prime contractor to pass it
on to his subcontractors and vendors in such a way that everyone
contributing anything to a space vehicle knows what he is supposed
to do and how essential a part his products play in the space vehicle
program. To emphasize the importance of this endeavor, not only is
the procurement documentation verified, but a special program--the
manned f£light awareness program--has been initiated end is being carried
out., This program must ascertain that all participating companies
and employees receive the message concerning the importance of their

performance for the success of the space effort.

A failure mode, effect and crigicality analyasis is considered
to be one of the cornerstones of any reliabllity effort. This con~-
sists of a continuous formally documented gnalyais of all structural
and functional design in order to discover igherent potential failure
areas, specifying the effect of a fallure on the missiom. Such failure
mode, effect and criticality analyses proviﬂe the basea for engineer-
ing management action concerning improvements in destign and in epeci-
fications, and for teasts for design verification, It is also a pre-

requisite for reliability prediction and assessment through mathematical



techniques. Just to again point out the importance of combining
theoretical analysis with practical engineering judgement of the hard-
ware, I would like to mention that we were asked by NASA Headquarters
in 1966 to furnish for each Flight Readiness Review of a Saturn
vehicle a 1ist of the 10 most critical items of each stage., After

we had listed them in the order of their eriticality numbers based

on the failure mode, effect and criticality analysis, we looked them
over and found that many of them had not given us any trouble while
other components not on that list had glven us headaches over and
over again. This analysis indicated that we had to develop a second
list based on actual failure history of components and, then, to
blend the two 1lists properly together to arrive at & realistic asses:
ment and to orient additional design and test effort into areas where
improvements were badly needed, With this approach, criticality

ranking was utilized as the basis for applying priority effort,

The reliability apportionment, prediction end estimation are
related to the failure mode, effect and criticality analysis and
allows us to comstruct a mathematical model, first to allocate qualita~
tive reliability predictions, and second to assess reliability achigve-
ment based on test data, The models which are updated continuously
afford designers and management clear visibility of progrees, end

point out problem areas which require attention.
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The‘Qﬁlua of Jeaign'revlews is recognized almoat everywhere today, .
Tﬁaylare organized and wall-décumentgd evaluations by menagement Qf
the engineering progress at scheduled progreém pointe, with par&lolplthn
of all requifed disciplines, Technical as wall as management problems
are identified and defined., Action items are formulated for resolutionm
and followup. It came as a surprise that we met, in some places,;consi-
derable resistance against the introduction of a formalized approach
for design reviews, but these reviews have proven to Qe very worthwhile
and effective by bringing unbiased talent from all disciplines into the

loop at a fairly early date in the development cycle.

Fallure reporting and corrective action ls another feature in
which we are strong believers. We have bullt up a strictly controlled
psystem for reporting, analyeis, correction 6 and followup of all human
errors and hardware failures through the several project phases, fnclud-
ing launch countdown and flight. We have set up the mﬂckinery and have
it working well, but were still not satisfied with the r;sponne on our
requests for fallure analysis in the laboratory or plant which origlna;gq
falled components, subsystems, or systems, Therefore, we have increpssd
_the failure analysis effort in our own Quality and Reliabflity Assurance
Laboratory in order to permit people who ares unbiased to perform more

]

failure analysis work on their own.

A very essential part of a reliability program is ap adequate
amount of testing., I think I should say a few words lbo;t thia effort,
Bven 1f testing activities are not always 4 part of a rniinblllty
organization, test plans munt ba influenced by reliabiligy engineery

and test results must be evaluated and utyilized by them, regardless ﬁg



vho ¢ukinlly perforus the tests. This ts most foppresat in the dzea
of laynch vehicles, wh?fe there 13.no-appruntabldﬁatoduo:tan volume,
For thls purpose, we must try to eliminate all modes of failures, or
to circumvent them by application of redundancy or other techniques
in order to reduce the possibllity of occurrence to an acceptable
level. This requires various types of testing, the results of which
are investigated continuously by reliability engineers who recommend

elimination of weak spots by whatever means necessary.,

The three principal types of testing, even 1f they are called
by other names occasionally, are:
a, Development tests, which provide for the necessary under-
standing of principles and operating characteristices involved;
b. Qualification tests, which provide an objective measure
of the success of deslgn work; and
c. Reliability tests which provide statistical evidence

concerning reliability, and the limits to which the design can be taken,

Since reliability tests are often cancelled because of funding.
limitations, the emphasis must be placed on development and qualifica-
tion tests, and the reliability engineer must be sure that all tests
are carefully planned and properly instrumented. During the develop-
ment tests, testing should be performed over a range of operating and
environmental condifions above and below the nominal to enhance the
fundamental characteristics of the device, to disclose unsuspected

modes of failures, and to gain confidence that adequate safety margins

exist,
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Based on the results of the development and qualification tests,
we are required, in the majority of the cases, to make our statement
as to the flight readiness of the device. This we can do only if we
know that the concept of total quality and reliability assurance
in the manufacturing plants has been followed. This meﬁns that good
quality and reliability programs, including quality control and
corrective action, configuration control, and procedural discipline,
have been followed., At this point it becomes evident that efforts
in reliability and quality assurance must go on simultaggouply. They
cannot be really treated as independent disciplines, but must

supplement each other strongly and completely.

Now, after having glven what are considered the most essential
points in the MSFC concept of reliability, I would not close the subjeqt
without mentioning another very important ingredient, the human being.
Have you ever glven thought about what qualifications you expect in
2 man or woman who devotes his time to the unglamorous fileld of
reliability and quality assurance? In this person you need a combina-
tion of features which is not easily available on the market. People
must be professionally competent. They must be willing to fight
an uphill battle as long as they carry the quality or reliability badgs.
They must have a tremendous stamina against frustvration, otherwise
they cannot survive. They must be self-motivating, since no force
from the outside can continuously supply enough motivation to overcoms
the daily adverse conditions. They must ba able to deal with paopl@.

They must be objective and persuasive: They must have a desire to
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work hard, and a pride of accomplishment. They are, indeed, extremely
1ﬁpoftant assets, and effort should be expended to keep them on the
job an long as possible, so that they can transfer experience from one
project into the other and thus help to develop and improve proper

methods of implementation over extended periods,

I would 1like to sum up, as follows: Supcess requires a realistie
concept implemented by extraordinary people who know the importance
of theoretical analysis and paperwork and have & thorough underpstanding
of the hardware and never forget that paperwork and hardware must go

together.



