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WELCOMMING ADDRESS:

Mr. Henry Pohl

Director of Engineering

Lyndon B. Johnson Space Center

Houston, Texas

SIS

Henry Pohl is the Director of Engineering at JSC. All pyrotechnic activities at JSC fall under his
directorate. Prior to becoming the director of engineering, he was Chief, Propulsion and Power Division,
and before that was Chief of the Auxiliary Propulsion and Pyrotechnics Branch. His association with
pyrotechnics spans over 20 years of service at JSC.

Good morning. On behalf of Aaron
Cohen and P. J. Weitz it’s my honor and
privilege to welcome you to the Johnson
Space Center and to the first ever Aerospace
Pyrotechnics System Conference. I hope
you found your accommodations good last
night, found your way down here and you
didn’t have too much difficulty finding this
building this morning. I hope you arrived
here early enough to find a parking place.
It seems like all of our parking places are
out in the back forty but with as much space
as we have around here we still don’t have
enough parking. This is Building 30 and
right across the hall over here is the Mission
Control Center. The Mission Control Cen-
ter is the place that put NASA on the map
with the statement to Houston that the Eagle
has landed back during the Apollo days.
It’s also the area that you see most often
when flights are going on. You either see
-the Kennedy Space Flight Center with the
Shuttle lifting off, or Edward’s AFB when
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it’s landing, or Mission Control in between.
That’s just a very small part of NASA.
NASA is made up of other centers that are
not quite as visible. But this is the part that
you see in front of the public most of the
time. Itis a real pleasure to have you here.
I hope the weather will hold out for you. I
think it will. '

There are some things I don’t ever
fully understand. This is the first Pyrotech-
nic conference that I am aware of, yet I
would say that in the past year we probably
had twenty conferences on software, and
probably another twenty conferences on
avionics. Both of these are multi-billion
dollar industries in this day and time. We
could take the entire NASA budget put it in
software or avionics and it probably would
not affect the direction of this very much in
this day and time. Yet there’s nothing that’s
more critical or more important to the Aero-
space community than pyrotechnics. Back



when I first started out in this business,
when we thought of pyrotechnics, we
thought in terms of fail safe, and a fail safe
device was one of those devices that 50% of
the time it didn’t work when you wanted it
to work. You can have a 30 caliber round
in a machine gun, if it duded, you just
pulled it out and threw in another one. It’s
really not until the Apollo program that we
started thinking in terms of fail safe, fail
operational; the device has to work when
you need it to work and it could not operate
prematurely. A lot of activity went into
developing what I'd call safe functional
systems in the 60’s. We then kind of got
out of that business and went through a kind
of stale mate for a long time. It’s really
invigorating to see today that we are be-
ginning to put some activity and some re-
sources into looking at laser initiated devic-
es, looking at new techniques, innovative
new ideas - some of which take advantage of
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the latest avionics or solid state technolo-
gies.

So it is with a pleasure that I have
this opportunity to welcome you here. I
hope you have a successful and productive
two days. If we can be of any assistance to
you in any way, please don’t hesitate to call
on us. I know Barry will be more than
happy to show you around. We do have
some beautiful facilities here for those of
you who haven’t had the opportunity to visit
them. Spend a little time and go through
Mission Control. We have a self guided
tour. Unfortunately most of our displays
are being moved out of the visitor’s center
and being moved into the Space Center
Houston, our antique shop as some people
call it, which is scheduled to open in Octo-
ber. So with that I thank you and have a
good day.
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KEY NOTE ADDRESS:

Dr. Daniel Mulville

Technical Standards Division
NASA Headquarters
Washington, D. C.

Dr. Daniel Mulville is the Director of the Technical Standards Division in the Office of Safety and
Mission Quality at NASA Headquarters. He was formerly the Deputy Director of the Headquarters
Materials and Structures Division and responsible for NASA's Composite Technology Program.

Prior to coming to NASA, Dr. Mulville was the Program Manager for Aircraft and Missile Structures
Technology at the Naval Air Systems Command and was an engineer at the Naval Research
Laboratory responsible for failure analysis of structural components and materials.

Good Morning. It's a pleasure to
have the opportunity to address the
First NASA Aerospace Pyrotechnic
Systems Workshop. As Henry Pohl
mentioned, NASA has a major
investment in software and avionics
systems; yet it is important for us to
consider hardware issues as well, and
that's one of the reasons why we are
here today.

The speaker who was originally
scheduled to give the keynote address
was Mr. George Rodney. He has been
the Associate Administrator for Safety
and Mission Quality since 1986; and,
unfortunately, he was unable to make it,
so I am here as his representative. As
you may know, George is retiring from
the Agency. The new Associate
Administrator for the Office of Safety
and Mission Quality is Colonel Fred
Gregory, an astronaut from JSC. So we
look forward to having a close

association with JSC in the future.
Because of his experience with the
shuttle vehicle and being a pilot, Col.
Gregory is keenly aware of and sensitive
to the true benefits and the necessity to
support pyrotechnic systems.

One of the responsibilities that we
have in the Technical Standard
Division at NASA Headquarters - in
addition to working with technical
standards and the process for
implementing them within the Agency
- is the development of applied
technologies. The Technical Standards
Division is the organization in the
Agency that supports bridge
technologies to transition research and
development activities into actual flight
applications. We have a number of
programs with this objective which are
similar in many respects to the
Pyrotechnics Actuated Systems activity.
We are supporting the development
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and qualification of a solid state
gyroscope, a fiber optic rotation sensor as
a replacement for the mechanical gyros
which have caused a number of
problems in the past. We are also
working on advanced batteries as
replacements for the nickel-cadmium
systems in use today, including super
Ni-Cd batteries and advanced nickel
hydrogen batteries for improved
reliability in space systems. We have a
program on electronic packaging, for
surface mount technology and multi-
chip modules to improve and transition
new packaging technology into
applications.

The objective of the Pyrotechnic
Actuated Systems Program is to develop
new technologies and to integrate them
into flight system applications. As
Henry Pohl mentioned, one of our
major program efforts is focused on the
test and evaluation of laser initiated
ordnance for flight systems. Our new
Pyrotechnic Program is focused on
developing opportunities to enhance
safety and reliability by integrating new
technology into these systems. This is
an opportunity for us to work across the
Agency to bring together not only the
Johnson Space Center, but Langley,
Lewis, Marshall, and other NASA
centers that have an interest in
pyrotechnics and to work with the other
government agencies, particularly the
Department of Defense and the
Department of Energy. We have been
successful in putting into place the
NASA-DOD-DOE Aerospace
Pyrotechnic Systems Steering
Committee which is composed of
representatives from those agencies to
advise us in the development of our
program.

Our recently initiated Pyrotechnic
Actuated Systems Program is a new
activity which was started last year. The
Committee was instrumental in its
initiation and later provided support
through their comments and reviews of
proposed tasks. We see this workshop
as another opportunity to obtain feed
back from industry, as well as the user
community, to identify what we should
be doing to enhance the safety and
reliability of our systems.

I see three major goals of this
workshop. First, this workshop is an
opportunity for you to review the
NASA Pyrotechnic Program and to give
us your honest opinion of the program
goals and direction. Tell us if we're
focused in the right areas. Give us your
direction and guidance in terms of what
we should be doing to improve and
enhance the safety of these systems and
to integrate new technologies into
applications. The second goal, is to
provide an opportunity for technical
interchange, and the third goal is to
provide an oppeortunity for you to work
with us and to identify activities to form
a partnership with NASA. In
partnership, industry and NASA can
bring forth new pyrotechnic devices and
systems and integrate them into all of
our spacecraft applications.

We have had a good track record and
have been very successful in the past in
the application of pyrotechnic systems.
Truly we would not be where we are
today if we did not have safe, reliable
pyrotechnic systems, and we would
certainly never be able to complete some
of the major goals and missions of the
future - the space station activities or the
exploration missions - without safe,



reliable pyrotechnic systems. These
systems are perhaps not as obvious as
other hardware devices. They may not
get quite the visibility or the technical
focus that many other hardware systems
do, but they clearly are important and
certainly are essential to the entire flight
process.

This workshop is a very good
mechanism in the program for bringing
forth new technologies and state-of-the-
art capabilities. There is a full schedule.
You will have a busy two days, and it
will be a good opportunity to compare
the processes and techniques in
development, test, and qualification of
pyrotechnic systems, to look at the new
developments that are coming on the
horizon and opportunities to integrate
new technology into our spacecraft
systems.

xi

So I welcome your participation in
this workshop. I encourage your
involvement and look forward to your
comments and recommendations. I
also look forward to working with you
and with the entire community in
trying to strengthen the NASA
program, to enhance our overall
activities, and to your forming a
partnership with us in the future.

I challenge you to come forth and
give us an assessment and appraisal of
where we are today and to work with us
to go forward together in the future.

Thank you.
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ABSTRACT

The Office of Safety and Mission Quality initiated a Pyrotechnically Actuated
Systems (PAS) Program in FY 92 to address problems experienced with
pyrotechnically actuated systems and devices used both on the ground and in flight.
The PAS Program will provide the technical basis for NASA’s projects to
incorporate new technological developments in operational systems. The program
will accomplish that objective by developing/testing current and new hardware
designs for flight applications and by providing a pyrotechnic data base. This
marks the first applied pyrotechnic technology program funded by NASA to
address pyrotechnic issues. The PAS Program has been structured to address the
results of a survey of pyrotechnic device and system problems with the goal of
alleviating or minimizing their risks. Major program initiatives include the

development of a Laser Initiated Ordnance System, a pyrotechnic systems data
base, NASA Standard Initiator model, a NASA Standard Linear Separation
System, and a NASA Standard Gas Generator. The PAS Program sponsors annual
aerospace pyrotechnic systems workshops. ’

I. BACKGROUND ON INITIATION OF THE PROGRAM

The purpose of this paper is to discuss
NASA’s Pyrotechnically Actuated Systems
(PAS) Program, the primary goal of which is to
enhance the safety and mission success of
NASA'’s programs. One significant objective is
to provide the pyrotechnic technology with firm
principles of science and engineering design and
test.

Situation. Pyrotechnic devices must
accomplish mechanical functions that are critical
to both the success of aerospace programs and

to the safety of those individuals whose lives
may depend upon the device’s proper function
as well as those who handle the devices
(Fig. 1).

Pyrotechnic devices are usually considered
by users, e.g., program managers, to be
mmediately and readily available as off-the-shelf
components. Consequently, little or no pyro-
technic engineering effort is expected from, nor
committed by, program offices, that is, until
problems develop. Since the technology is

Approved for public release; distribution is unlimited.
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PAS Program: L. Background on Program Initiation

“mature,” no pyrotechnic research program
exists. Further, no pyrotechnic technology
developmental program exists.

the explosive device and any hardware which
interfaces with pyrotechnic devices, but to the
ignition system and circuitry as well.

- 4
A}though pyro . AEROSPACE omcsor 1 P'ro.grgm need. A
technic components/— _z PYROTECHNICALLY wiipEnaw 8 significant need,
; TUATED SYSTEMS ; ;
devices/systems are AC therefore, exists in

frequently required to

Introduction — Pyrotechnic Systems

the discipline to sig-

demonstrate near per- nificantly enhance the
fect reliability in both technical understand-
human and robotic ® fl?::‘téttllr:)?‘lz:perform wide variety of mechanlcal ing ofpyrotechnically
vehicle applications, - Sty { actuated systems and
serious problems on - Control flow to provide engineer-
the ground and fail- T ESeae ing tools, such as,
ures in flight have + Mission Critical standard design ap-
occurred. The only  Are required fo have near perfect rellability proaches, specific-
technology efforts |, ° Butfallures continue, some repeatedly ations, guidelines,

performed have been
limited to responses
applied to address
specific program
problems. That
contrasts with the preferred managerial
approach of understanding device function to
prevent problems using sound design and test
principles. We can accomplish the necessary
understanding through an applied pyrotechnic
technology program. Technical understanding
is clearly preferred to the “design and shoot”
approach. The “design and shoot” approach
has resulted in increased program cost for
redesign, and in many instances, requal-
ification, at even greater expense. The
pyrotechnic technology has lacked a
management advocate to rectify this situation.

applications.

Before proceeding, an explanation of the
term, “pyrotechnic,” is important in order to
understand the nature and scope of our activity.
By “pyrotechnic” we refer to those devices
which are operated by the explosive release of
chemical energy to carry out a function (Fig. 2).

These functions include linear shaped charges,
explosive transfer lines, functional components
in systems such as separation bolts, cable
cutters, pin pullers, normally open or closed
valves, escape systems, safe & arm devices,
initiation of a larger device such as a rocket
motor, etc. By “system” we refer to not only

Fig. 1. Introduction to aerospace pyrotechnic systenis

analytical models,
and manufacturing
‘process criteria to
prevent the recurrence

nsn - AEROSPACE
_ﬂ PYROTECHNICALLY

ACTUATED SYSTEMS

OFFICE OF -
SAFETY AND
MISSION QUALITY

Definition

s By example, pyrotechnic devices and systems
include:
~ lgnition devices

—  Explosive charges and trains

lies, e.g., pin pullers, cutters,

p
losive valves, pe sy
& ;

Y e, p t
the int with the envi
waves, eic.

bly, ignition circuitry, plus
t such as structure, radio

N R P A A el
Fig. 2. Definition of pyrotechnics.

of these problems. Funding for the PAS
Program was first provided in FY-91. The
Program was initiated with the fundamental
purpose in mind of enhancing the technology by
applying management attention to
pyrotechnically actuated devices and the
systems in which they are required to operate.
The PAS Program will be of direct assistance to
NASA'’s mainline programs by providing well
defined, standard hardware design approaches
and by maintaining the technology in a state of
currency.
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PAS Program: 1. Background on Program Initiation

The program beginning can be traced to
1986 when the author in the NASA
Headquarters Office of the Chief Engineer
requested Mr. Swain, Director, Systems
Engineering and Operations, Langley Research
Center, Hampton, VA, to investigate
pyrotechnically related problems across NASA
(Fig. 3).

& 3
A SAFETY AND
‘a ACTUATED SYSTEMS | Miovevsun

Failure Survey and Analysis

*  Survey

- Initiated by the Office of the Chief , NASA
1986

ters,

~  Conducted by L. Bement, Langley Research Center
» Purpose
— Determine the extent and causes of pyrotechnic systems fallures
using a survey approach
°  Scope
-~ All explosive and propellant d
—~  Space arid aeronautical flight programs
- Pyro.assembly and system fallures Included, e.g., initiation
Y , cireuits, and al interfaces

R i)

Fig. 3. NASA survey of pyrotechnic failures and
analysis.

The investigation was performed by Mr.
Laurence Bement using a survey technique
since no automated pyrotechnic data base
existed (ref. 1). As a major resource, the
members of the NASA-DoD Aerospace
Pyrotechnic Systems Steering Committee! were
polled for information. By using that process
the Department of Defense’s (DoD) pyrotechnic
data was also included. The Steering
Committee was also instrumental in reviewing
the results of the survey and assisting in the
establishment of the program. Survey results
are published in Pyrotechnic System Failures:
Causes and Prevention, (ref. 2) (Fig. 4).

YO TECHMIGALLY SAPETY 4
A SAFETYAND
ACTUATED SYSTEMS | orovevaum

Survey approach

»  Informal to expedite a more comprehensive review

¢ Members of NASA-DOD Pyrotechnic Systems Steering
Committee, pius others, polled

»  Data sampling technique — not meant to include all failures and
problems
Date and program data
Fail b +

At

of

Cause

®
K .
e lmpacton syste'm and program
.
¢ Resolution

Fig. 4. Pyrotechnic survey approach.

Problem survey. An examination of the
results, in brief, is instructive to determine how
the PAS Program has been organized. In
summary, the survey, which covered a time
frame of 23 years for both NASA’s and DoD’s
programs, revealed 84 significant failures,
including 12 flight failures. In addition, from
the safety perspective, 3 deaths were attributed
to the accidental ignition of a solid rocket motor
(Fig. 5).

f N
H = AEROSPACE OFFICEOF
PYROTECHNICALLY mggfolg'z an
ACTUATED SYSTEMS .
Summary of Survey

e 23 year span covered
#  Failure categories
- Initiation
- Mechanisms
- aft separation sy
- Firing cireuits
s Reviewed by Steering Committee
¢ Report prepared :
~  Bement, L. J., “Pyrotechnic System Faffures: Causes and

Prevention,” NASA Tii 100633, Langley Research Center, Hampton,
VA, June 1988

and tinear

Fig. 5. Summary of survey.

The underlying cause of those failures was
attributed to the lack of a technological base. In
Fig. 6 the number of failures is presented for
each phase of the device’s life cycle. We find
that a large number of problems escape the lot

3



PAS Program: 1 Background on Program Initiation

acceptance testing. That result is indicative
that acceptance test approaches need to be
improved for acceptance testing to become
the dependable filter of defects of
pyrotechnic quality which we require to be
consistent with the high reliability
expectations discussed earlier. That is
clearly an issue which we wish to rectify.

Failures were found in the Langley
survey (ref. 2), more specifically, to occur
from a multitude of causes:

e a lack of technical understanding
of pyrotechnically actuated

mechanisms,

e a deficiency in designs,
‘specifications, quality control, and
procedures,

¢ alack of standardization,

* an inadequate technology base for the

pyrotechnic technology, including
no technical data base,

* alack of resources for pyrotechnic
technology funding, personnel,
and facilities and,

* poor communications among
centers.

The failure distribution by cause is
presented in Fig. 7.

For convenience, we categorized the
failure causes into four groups:

* design approach

* pyrotechnic
documentation

technology and

e communications
*  resources.

Flight

Service evaluation
Flight assembly
Systems test

Lot acceptance test

Manufacture

Fig. 6. Failures experienced during pyrotechnic life
cycles.

from the survey, and the recommendations to

rectify the situation are summarized in Fig. 8.

The findings of the survey for each of the above
_four groups are discussed below.

Specification error

Test procedure errors
Misapplication
Manufacturer's QC
Manufacturing procedures
Design deficiency

Lack of understanding

L) 1 i )
10 15 20 25

Number of occurrences

O
i

Fig. 7. Distribution of failures by cause.

The results of the deficient areas, as determined
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Assessment of Survey Resuits

Deficient Areas

Recommended Tasks

» Design Approaches °
— genetic specification
— standard devices

Design Approaches
— prepare NASA specification handbook
~ selectiverify existing hardware types

s Pyrotechnic Technology °
- research/development technology base
- recognized engineering discipline
— training/education
— test methodology/capabilities
—new standard hardware

Pyrotechnic Technology
— endorse and fund plan’s technology tasks

- fund training and academic efforis
- R&D for new measurement techniques
— develop new h/w for standard applications

» Communications e
- technology exchange

- data bank & lessons learned
— intercenter program support

Communications

~ continue Steering Committee meetings

~ initiate symposia

— establish pyro reporting requirements for NASA PRACA
—perform as a Steering Committee function

* Resources .
—funds
— research/development staff and facilities

Resources
— implement pyrotechnic program plan

Fig. 8. Deficient areas and recommended tasks.

Design Approach

The greatest cause of pyrotechnic failure
was attributed to the lack of a technical
understanding of pyrotechnically-powered
mechanisms. However, a NASA or Air Force
technology developmental and advancement
program for the pyrotechnics discipline that
could pursue device understandings was
nonexistent. Individual pyrotechnically actuated
devices are funded only to meet specific
program needs. If any research and
development activities are accomplished, they
are geared to the narrow bounds of program
requirements, to the program schedule, and, of
course, to the program’s budget priorities.
There- is little opportunity for thorough
investigations of functional mechanisms or for
the development of a basic understanding of
operational parameters. The lack of technically
proven, standardized test methodology was
determined to be a frequent limiting factor in
resolving problems or developing new designs
as well as in problem prevention. Pyrotechnic
modeling has not been developed for aerospace
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pyrotechnic mechanisms; but modeling could be
a key factor in reducing costs, understanding
design margins, and enhancing safety and
reliability. Not only has NASA been so limited,
but so have the contractors.

That situation is resolved by the initiation of
an applied technology program to focus on
pyrotechnic device and system technology.

Pyrotechnic Technology

There was very limited pyrotechnic
technology research and development programs
that would permit the preparation of guidelines
and specifications for pyrotechnic design,
hardware development, qualification, pro-
duction, acceptance testing, and system testing.
Only some generalized military standards exist
in DoD. For example, guidelines are not
available that properly address: the selection of
pyrotechnic approaches - including: the use of
previously qualified hardware, the best means
to accommodate structural interfaces, how to
achieve true redundancy, how to conduct proper
testing, and how to achieve true reliability. The
design of pyrotechnics has been and continues
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to be approached more as an art rather than as a
science. Empirical relationships between
design, operation, and manufacturing controls
have not been established. Flight programs
cannot rely on meaningful statistically derived
component test performance data through
repetitive testing because costs of test programs
become prohibitive.  Good modeling
approaches have not been developed to take
advantage of new analytical tools. There are no
well defined and widely accepted standards for
demonstration of functional margin. Hence,
considerable developmental work that will be
necessary to establish a solid foundation for the
development of meaningful specifications.

A NASA generic pyrotechnic specification
that provides guidance for all of these
considerations benefits programs through expert
guidance. More standardized components with
well-characterized functional performance
characteristics reduce design efforts and design
problems since the standardized hardware
designs incorporate lessons learned and provide
a wide data base. The wide data base from
standard hardware provides Dbetter
understanding of design margins, a key factor
for enhanced safety, reliability, and
performance assurance. A need exists to:
identify key hardware which require enabling
and enhancing pyrotechnic technology, to
develop the identified critical technology, and,
where feasible, to implement use of that
technology by NASA’s programs. This need is
a subject that the PAS Program will continue to
study since pyrotechnic requirements change as
programs change.

One major program goal is to make the
design of pyrotechnically actuated systems a
science. That goal will be aided by the advent
and progress of modeling technology which has
occurred in recent years. The demonstration of
functional margins through an understanding of
the relative importance of system variables is
important to a cost effective means of
characterizing device performance sensitivities.
Prediction of the effects of manufacturing
changes on performance has not been possible.
The effects of tolerance stack-up from variables

within the system can be anticipated to result in
unreliable devices. Modeling can become a key
tool in resolving those deficiencies.

Communications

Intercenter communication, cooperation and
support have been inadequate. Most
pyrotechnic efforts are performed independently
with little intercenter cooperation or sharing of
technical gains, resolution of problems and
failures, and lessons learned. Thus, NASA’s
programs suffer from a lack of exchanging and
application of current pyrotechnic technology
developments. There are no libraries or central
sources for information on this aerospace
technology, particularly no data base of design
information, test data, past problems, and
failures. Indeed, the failure survey was
necessarily conducted by polling the memory of
senior, experienced individuals. Few papers on
pyrotechnic failures are published; and few
programs thoroughly document design
information, functional performance properties,
and physical characteristics in a format
permitting engineers to conduct trade studies for
subsequent programs. Furthermore, there have
been no consistent, high-quality symposia,
tailored to present data in a manner that meets
the overall NASA needs. Thus, the pyrotechnic
work has always been highly individualistic,
program related, rather than a discipline oriented
technology.

Resources

To improve the existing pyrotechnic
devices, as well as to meet future program
technical requirements, NASA needs more
“hands-on,” technology-oriented engineering
personnel and adequate test facilities. Design
and problem solving are accomplished mainly
by subcontractors under the management of
specific individual program offices as needed.
In the end the technology is weakened when
strong oversight and technical management by
the government staff cannot be provided. Very
little formal pyrotechnic training or academic
involvement is available. Thus, without the
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opportunity to gain experience in technology
oriented facilities, government pyrotechnic
personnel, of necessity, have placed a strong
dependence on the manufacturer’s expertise.
The result is an inability to gain a valuable
independent second technical judgment. Similar
funding constraints in industry and product
price competition have prevented industry from
conducting applied pyrotechnic technology
programs.

Not only is the government lacking good
technical understandings of PAS; but, in a
highly competitive business world, the
manufacturer also cannot afford to understand
and characterize hardware commensurate with
the high reliability demands placed upon it.
Hence, the lack of that understanding is
reflected in specifications.

The consequence is, the government has
lost oversight; the manufacturer has lost insight;
and the program risk is increased.

Management Review

On April 13, 1988, the Committee carried
its concerns forward to Mr. George A.
Rodney, Associate Administrator for Safety,
Reliability, Maintainability, and Quality
Assurance (now the Office of Safety and
Mission Quality) at NASA Headquarters, Code
Q. Mr. Rodney requested that the Committee’s
recommended Program Plan be finalized and
endorsed by all participating centers. That was
accomplished. In addition to the problems that
the survey revealed, Mr. Rodney also
expressed concern over the problems that have
been experienced with safe and arm devices
which had not been included as part of the
scope of the original survey. On June 25, 1990
the Code QE Technical Standards Division was
approved by the NASA Administrator as an
office to address both applied technology and
technical standards. The pyrotechnic issues and
failures and the program plan to resolve those
issues were reviewed with the Division
Director, Dr. Daniel Mulville, on January 18,
1991, and the program was subsequently

launched. The NASA PAS Program Plan was
updated from the 1988 draft to reflect new
technology developments, budget changes, and
new program interests. The NASA PAS
Program Plan (ref. 3) was approved by Dr.
Mulville on February 28, 1992.

1 The NASA-DoD Aerospace Pyrotechnic Systems
Steering Committee is comprised of government
pyrotechnic staff with representatives from each of the
NASA centers plus the Air Force, as represented by the
Aerospace Corporation, and the Navy by the Naval
Surface Warfare Center. The Committee was organized
in 1985 to assure channels of communication among the
users of aerospace pyrotechnic technology. In 1991 the
membership was expanded to include the DoE as
represented by the Sandia National Laboratory,
Albuguerque. The Committee is chaired by NASA
Headquarters. It serves in an advisory role to the NASA
Pyrotechnic Program.
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The PAS Program Plan presented in this
section reflects the results of the survey and the
Steering Committee’s suggestions. The PAS
Plan responds to NASA’s most pressing
requirements for pyrotechnic hardware
development.

Goals

This Program’s basic goals are to:

¢ reduce program risk due to pyro-
technically initiated systems and

* improve NASA’s aerospace pyro-
technic systems technology.

We proceed to reduce risk by performing
those activities that will increase mission
success, enhance personnel safety, and improve
equipment safety. To increase the mission
success posture of NASA’s aerospace
pyrotechnic systems technology, the Program
includes projects that will provide NASA with
pyrotechnically actuated devices that are well
characterized and which have higher mass
specific performance. The characterization is to
be reflected in the development of strengthened
specifications. The relationship of the Program
goals to the Program products is depicted in
Fig. 9.

PAS PROGRAM PLAN

These goals will be accomplished by
structuring the PAS technology to produce the
following program products:

1. Engineering Tools. Provide the
engineering tools needed by the NASA

pyrotechnic engineering staff to perform
sound, updated, and advanced technical
design approaches to meet pyrotechnic
system requirements of NASA’s mainline
programs.

2. Standard PAS. Develop standard pyro-
technic devices having well defined
operational characteristics that have been
controlled through proper technical spec-
ifications.

3. Design Standards and Specifications.
Develop well characterized pyrotechnic

system design standards to provide
assurance that consistent, high quality
practices are employed throughout NASA.

4. Operational Guidelines. Provide oper-
ational guidance that will incorporate
lessons learned and which will be applied
during ground processing. Incorparate
guidance that will apply from the
beginning to the conclusion of the
pyrotechnic device’s life cycle.

5. Modeling. Assist manufacturers by better
characterizing the effects of variables
associated with man-

ufacturing processes,

GOALS

Reduce
Program Risks

Provide for Current
Technology

thereby helping to
assure that hardware
meets desired per-
formance specificat-
ions.

6. Experienced Staff.
Foster intercenter col-

Improved
Retliability

Enhanced System
Safety

Characterized PAS
Performance

laboration and provide
for a well trained,

Program to develop and provide for:

experienced hands-on

pyrotechnic techno-

o Design . ) . .
Engineering Standard Standargs and Opgratlpnal Modeling Experienced 1o gy engineering
Tools Specifications Guidelines Staff sta f
Fig. 9. Program goals and products.
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Objectives

This Program provides NASA with a
focused pyrotechnic systems activity to:

~* develop improved design methods,

standards, specification, and
approaches for pyrotechnically
actuated systems,

* make policy recommendations
regarding their use, and

* enhance NASA'’s technical capability
in the application of the technology.

Quality is achieved by the application of strong
standard designs that have been well
authenticated by analysis and verified by
qualification testing to the maximum anticipated
operational level with a well defined and
understood design margin. Quality is also
achieved by designing in margins
commensurate with intrinsic sensitivities of
device performance to manufacturing
tolerances. The attainment of high quality
devices requires an understanding of those
sensitivities to the manufacturing processes and
tolerances. Program goals are met, too, when
confidence is high that the product acceptance
test procedures will adequately validate that the

Objectives

Program requirements

PAS understanding

Timely products

Data base

Space qualified PAS
Test methodologies

Specifications and manuals
New/advanced technology
Trained staff
Technology transfer
Program Reviews

Fig. 10.

PAS technology must be developed into a well-
understood science to provide NASA with the
desired high quality capabilities in this technical
field. In addition, resources must be soundly
established in terms of staff, equipment, and
funding.

- The Program accomplishes its goals by
increasing pyrotechnic device and systems
reliability through quality improvements.

PAS Program objectives.

manufactured hardware is built per design. The
Program’s objectives are presented in Fig. 10.

This Program contains a comprehensive set
of specific objectives to achieve its goals.
These objectives are to:

1. Program Requirements. Analyze
NASA’s future program needs in this
technology to allow the conduct of a well
planned, properly focused program.

2. PAS Understanding. Assist programs
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by assuring that dependable
pyrotechnically actuated components and
systems have been developed,

characterized, and demonstrated for use
with a minimum of risk, i.e., the Program
will undertake projects that:

a. provide for standardization of
components and assemblies,

b. improve current designs through
better understanding of device
internal functions,

c. obtain an understanding of
manufacturing processes and
quantify the influence of key process
parameters on device performance,

d. conduct device modeling to reduce
faults from design and
manufacturing processes, and

e. determine how to properly
incorporate margins and/or
redundancy into device designs and

how to verify margin and
redundancy.
3. Timely Products. Make well
characterized, reliable advanced

pyrotechnic technology hardware designs
available on a timely basis for the benefit
of future NASA programs.

4. Data Base. Develop and maintain a PAS
data base for design and operational aids
and to identify areas in need of technology
support.

5. Space Qualified. Develop techniques
and testing with the required level of rigor

to assure availability of the means to have
proper product control and to provide the
best possible qualification test techniques.

6. Test Methodologies. Improve
specifications and test methodologies as a

means to verify device performance upon
design completion and to verify its quality
conformance to the design upon
manufacture.

7. Specifications and Manuals. Provide
new and updated specifications and

manuals to assist programs in the
implementation of sound pyrotechnic
technology.

8. New/advanced Technology. Develop

new and advanced technologies to support
programs.

9. Trained Staff. Ensure that NASA has a
well-trained, functional hands-on
capability using the latest technology for
design tools, test equipment, and technical
approaches to: ’

a. attain and maintain the technical
expertise for properly managing
technical requirements in NASA’s
contracts, an essential role for safety
and mission success,

b. serve in an independent oversight
function, and

c. ensure that objective, independent
validation testing can be performed
using hands-on capabilities.

10. Technology Transfer. Interact with
industry to provide and transfer updated

technical information.

11. Program Reviews. Conduct analyses
and perform or sponsor independent
technical reviews of pyrotechnic systems

installed on flight and ground programs.

Program Plan Overview

The NASA Aerospace Pyrotechnically
Actuated Systems Program Plan responds to
NASA'’s anticipated needs for high-performance
systems as well as for safe and reliable
pyrotechnically actuated systems, both for the
current program applications and for future
program uses. PAS Program management
reviews will be accomplished periodically to
evaluate status. These reviews will serve to
ensure that the stated goals and objectives are
achieved on a timely basis, to coordinate
interrelated PAS Program efforts, and to
enhance technical communication among the
affected governmental organizations.

The projects in this Plan insure the
development of key PAS technologies and
utilization of the Program’s products. The plan
by which this is to be accomplished is shown in
Fig. 11.
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