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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. is 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 uilding 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 goi on. You either see 

ight Center with the 
Shuttle lifting off, or Edward’s AF 

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. It is 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. 
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out in this business, 

evices that 50% 
the time it didn’t work when you wanted it 

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 

the latest avionics or solid state technolo- 
gies. 

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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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 suppor ts  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 ~ u a ~ ~ ~ ~ c a t i o ~  of a soli 

problems in the 
working on ad 

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 
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 agenc particularly the 
Department of fense and the 
Department of Energy. We have been 
successful in putting into place the 
NASA-DOD-DOE A e r o s p a c e  
Pyrotechnic Systems Steering 
Committee which is composed of 
representatives from those agencies to 
advise us in the development of our 
program. 

initiation and later provided support 
through their co ents and reviews of 
proposed tasks. 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 opportunity 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, 
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yro technic sys tems. These 
systems are perhaps not as obvious as 
other hardware devices. They may not 
get quite the visibility or 
focus that many other hard 
do, but they clearly are i 
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. 

elcome your participation in 

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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Norman R. Schulze 
Program Manager, NASA Aerospace Pyrotechnically Actuated Systems Program 
Chairman, NASA-DoD-DOE Aerospace Pyrotechnic Systems Steering Committee 

NASA, Headquarters 
Washington, DC 

.. ... . . . . . . . . . . . . . 

ABSTRACT 

The Ofice 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 system. The program 
will accomplish that objective by developinghesting 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 fm 
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 
mediately 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 

pprowed for public release; ~ ~ ~ ~ r j ~ u  
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PAS Program: I. Background on Program Initiation 

“mature,” no pyrotechnic research program the explosive device and any hardware which 
exists. Further, no pyrotechnic technology interfaces with pyrotechnic devices, but to the 
developmental program exists. ignition system and circuitry as well. 

Although pyro- 
technic components/- 
devices/systems are 
frequently required to 
demonstrate near per- 
fect reliability in both 
human and robotic 
vehicle applications, 
serious problems on 
the ground and fail- 
ures in flight have 
occurred. The only 
technology efforts 

OFFICE OF 
SAFETYAh’D 

AEROSPACE 
PYROTECHNICALLY I ACTUATED SYSTEMS 

Routinely perform wlde variety of rnechanlcal 
functlons: 
- staabs - Jetllson 
- Control flow 
- Escape - severance 

Are required to have near perfect rellability 
0 But failures contlnue, some repeatedly 

me 1992 

performed have been 

Program need. A 
significant need, 
therefore, exists in 
the discipline to sig- 
nificantly enhance the 
technical understand- 
ing of pyrotechnically 
actuated systems and 
to provide engineer- 
ing tools, such as, 
standard design ap- 
proaches, specific- 
ations, guidelines, 
analytical models, 
and manufacturing limited to responses 

specific program 
applied to address Fig. 1. Introduction to aerospace pyrotechnic SySt€XnS process criteria to 

applications. 
- -  

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. 

efore 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 catry 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 

prevent the recurrence 

Definition 

9 By example, pyrotechnic devices and systems 
include: - Ignition devices 
- Explosive charges and trains - 
- 

I 
Functional component assemblies, e.g., pin pullers, cullers, 
explosive valves, escape systems 
Systems, ir., component assembly, ignition circuitry, plus 
the interactions with the environment such as structure, radio I 
waves, elc. I 

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. 

2 
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The program beginning can be traced to 

pyrotechnically related problems across NASA 

, 
AEROSPACE 

ACTUATEDSYSTEMS 
PYROTECHNICALLY SAFETY AND 

Failure Surrey and Analysis I 
Survey - lnltlated by the OIRce of the Chlef Engineer, NASA Headquarters, 

1966 - 
- 

Conducted by L Bement, Langley Reseach Center 

Determne the extent and causes of pyrotechnic systems fcdlures 
0 Purpose I using a suwey approach 

Scope - - - 
All exploslve and propellant actuated mechanisms 
Space and aeronautlcal fllght programs 
Pyro m y  and system fallurec Included, e.g., lnltldon 
systems, drcults, mechanlsms, and sbuctural Interfaces 

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

The investigation was performed by 
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 Committee1 were 
polled for information. By using that process 
the Department of Defense’s @OD) 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). 

SAFETYAND 
MISSION Q U A m  

P 

Informal to expedite a more comprehensive review 

Committee, plus others, pollad 
Data sampling technique - not meant to include all failures end 
problems 
D a t e  and program data 
Failures subsequent to completion of design 
Impact on system and program 
Cause 
Resolution 

embers of N A S A - 0 0 0  Pyrotechnic Systems Steering 

Fig. 4. Pyrotechnic survey approach. 

Problem survev. An examination of the 
results, in brief, is instructive to determine how 

ram has been organized. In 
survey, which covered a time 

frame of 23 years for both 
programs, revealed 84 significant failures, 
including 12 flight failures. n addition, from 
the safety perspective, 3 deaths were attributed 
to the accidental ignition of a solid rocket motor 
(Fig. 5). 

SAFETYAND 
MISSION Q U A l l n  

Summary of kurvey 

23 year span covered 
* Failure categories - Innlatlon 

- Mechanisms - 
- Rrlng clrcuits 

0 Reviewed by Steering Committee 
0 Report prepared 

Spacecrdt sepadon +ems and llnear exploslves 

- Bemen L J “Pyrotehnlc System Failures: Cawes and 
Prevenion,” h S A  TlVl100533, Langley Research Center, Hampton, 
VA, June 1888 

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. 
that a large number of problems escape the lot 

3 
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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 sewiGe evaluation 
pyrotechnic quality which we require to be 
consistent with the high reliability 
expectations discussed earlier. That is Right assembly 
clearly an issue which we wish to rectify. 

L a lack of technical understanding 
of pyrotechnically actuated Manufacture 
mechanisms, 
a deficiency in designs, cycles. 

specifications, quality control, and 
procedures, 
a lack of standardization, 

pyrotechnic technology, including 
no technical data base, 

technology funding, personnel, 
and facilities and, 
poor communications among 

Fig. 6. Failures experienced during pyrotechnic life 

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 

an inadequate base for the four groups are discussed below. 

a lack of resources for pyrotechnic Specification error 

Test procedure errors 

Misapplication 

centers. Manufactnrer's QC 

The failure distribution by cause is ~ n f a - n g p ~ ~ - +  

presented in Fig. 7. 
Design deficiency -I 

For convenience, we categorized the Lack orunderstanding 

failure causes into four groups: 
0 5 10 15 20 25 30 35 

0 design approach Number of occurrences 

0 pyrotechnic technology and 

communications 
resources. 

documentation Fig. 7. Distribution of failures by cause. 

The results of the deficient areas, as determined 

4 
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- data bank & lessons learned 

12 Fig. 8. Deficient mas and recommended tasks. 



PAS Program: I. Background on Program Initiation 

to be approached more as an art rather than as a 
science. Empirical relationships between 
design, operation, and manufacturing controls 
have not been established. light 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 

s benefits programs through expert 
ore 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  bet ter  
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 
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within the system can be anticipated to result in 
unreliable devices. odeling can become a key 
tool in resolving those deficiencies. 

Intercenter communication, cooperation and 

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. 

support have been inadequate. ost 

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. 

he 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. 

On April 13, 1988, the Committee carried 
its concerns forward to r. George A. 
Rodney, Associate Administrator for 
Reliability, Maintainability, and 
Assurance (now the e of Safety and 
Mission Quality) at NA eadquarters, 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, r. 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 ulville, on January 18, 
1991, and the program was subsequently 
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launched. The NASA. 
updated from the 19 
technology developm 
new program interests. 

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, 
Albuquerque. 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 

lan responds to NASA’s most pressing 
requirements for pyrotechnic hardware 
development. 

oals 

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. 

These goals will be accomplished by 
structuring the PA 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, 
thereby -helping to 
assure that hardware 
meets desired per- 
formance specificat- 
ions. 

6. Experienced Staff. 
Foster intercenter col- 
laboration and provide 
for a well trained, 
experienced hands-on 
pyrotechnic techno- 
logy engineering 
staff. 

Fig. 9. Program goals and products. 
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rogram provides 
technic systems actlvity 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. 

uality 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 w 
understood design margin. 
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 

Fig. 10. PAS Program objectives. 

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. 

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 Reauirements. 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 

9 
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by a s su r ing  tha t  dependab le  
pyrotechnically actuated components and 
systems have been developed,  
characterized, and demonstrated for use 
with a minimum of risk, i.e., the 
will undertake projects that: 

a. 

b. 

C. 

d.  

e. 

provide for standardization of 
components and assemblies, 
improve current designs through 
better understanding of device 
internal functions, 
obtain an understanding of 
manufacturing processes and 
quantify the influence of key process 
parameters on device performance, 
conduct device modeling to reduce 
f a u l t s  f rom d e s i g n  and  
manufacturing processes, and 
determine how to properly 
incorporate  margins  and/or  
redundancy into device designs and 
how to verify margin and 
redundancy. 

3. Timely P r o d u c t s .  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 Oualified. 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 .  Tes t  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. 

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

a. 

b. 

C. 

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

1 1, Program Reviews. Conduct analyses 
and perform or  sponsor independent 
technical reviews of pyrotechnic systems 
installed on flight and ground programs. 

The NASA Aerospace Pyrotechnically 
Actuated System 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. 

10 
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Fig. 11. Plan to assure use of PAS Program products. 

The Program Plan is, therefore, formally 
structured to develop strategic courses of action 
and to address near term needs: 

A. Strategic Plan 
1. Assess NASA’s overall program 

requirements for PAS. 
2. Increase the number of well-characterized, 

standardized devices. 
3. Improve guidelines and specifications for 

all aspects of system design, 
development, qualification testing , check- 
out testing, and acceptance testing. 

4. Plan and implement PAS technology to 
meet future requirements of NASA’s 
mainline programs. 

5. Improve technical communications. 
6.  Expand and maintain an applied 

technology and experience base. 
7. Provide a training and educational base, 

including hands-on experience. 
8 .  Assure use of the technology developed. 

B. Near Term Plan 
1. Identify NASA’s future program 

requirements for PAS. 
2. Complete the Program Implementation 

Plan. 
3. Initiate work on the most technically 

beneficidhigh leverage hardware. 
4. Develop critical policies and 

specifications. 
5. Establish a data base, including: 

current pyrotechnic designs, 
e applications, 
0 results of usage. 

6. Emphasize interagency cooperation in 
sharing technology. 

7. Transfer technology to other government 
agencies and to industry. 

The interrelationships of this Program and its 
projects with the survey results, the NASA 
Program offices, and Code Q are shown in Fig. 
12, the Pyrotechnically Actuated Systems 
Program master flow chart. 

11 
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2. minimize risk 
edicatiins &handbooks 

- Standard designs 

- Manufacturing tools 7. standard pyros development 

Fig. 12. Pyrotechnically Actuated Systems Program master flow chart. 

The figure also presents the plan to ensure that 
the Program Plan is integrated with NASA’s 
mainline program applications and that those 
programs will influence the PAS Program in an 
iterative process. 

Program Content 

The Program is divided into four major 
Program Elements, each of which provides 
appropriate projects to accomplish the Program 
objectives (Fig. 13). 

Fig. 13. Program Elements, NASA Aerospace 
Pyrotechnically Actuated Systems 
Program. 

The projects described below are designed 
to improve both the near and long term 
pyrotechnic technology base-including com- 
ponents and systems - and to work toward the 
resolution of the problems summarized above. 

The Plan focuses upon the following 
specific remedies: design improvements, new 
and/or improved specifications, hardware 
standardization, an improved and expanded 
technology base, and enhancement of 
communications in the pyrotechnic community. 
Fig. 14 provides an overview of the Program 
content. The figure shows how the Program 
supports Code Q’s functional role in NASA 
relative to design, test, and manufacturing. 

12 
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Fig. 14. Relationship of PAS Program to Code Q, QE, and NASA 
program roles. 

Table 1 lists projects recommended by the 
Steering Committee. The text following the 
table describes in broad terms the function of 
each project and the products. 

Funding levels limited the specific projects 
that the Program will be able to undertake 
initially. The programs which fall within the 
NASA approved budget are identified below. 
Program reviews will subsequently establish the 

funding of new projects and those projects that 
are identified herein but which are currently 
unfunded. Projects have been defined which 
will be implemented contingent upon funding 
approval: Training, Hardware System Reviews, 
NASA Standard Detonator testing, N 
Performance, NSGG Model Development, 
NSD Model Development, and Standard 
System Model Developments. An annual 
Program review and report will be prepared. 

13 
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Table 1. Pyrotechnically Actuated Systems Program Elements andojects. 

I----- 4.0 Process Technology 

PAS PROJECTS 
1.1 Future Pyrotechnic Requirements 
1.2 Pyrotechnic Policy Preparation 
1.3 PAS Technical Specification 
1.4 PAS Data Base 
1.5 
1.6 Program Implementation Plan 
1.7 NASA PAS Manual 
1.8 PAS Workshop 
1.9 Trainiig 

2.1 NASA Standard Gas Generator 
2.2 Standard System Designs 
2.3 NASA Standard Detonator 
2.4 

Annual Program Review and Report 

NASA Standard Laser Safe and Arm 
2.5 AdvancedPAS 
3.1 NSGG Performance 
3.2 Standard Systems 
3.3 NSD Performance 
3.4 Safe and Arm Performance 
3.5 Advanced PAS Performance 

4.2 NASA Standard Initiator Model Development 

A general description of the projects in this follows. The organization of the program is 
program element and the major products presented in Fig. 15. 

NASA Pyrotechnically Actuated Systems Program 
Program Manager .......... 

3.0 Test Techniques 
3.1 NSGG Performance-L Bement, LaRC 
32 Standard Systems 
32 1 NASA Std. Lm Sep. Sys -L. Bement, LaRC 
3 4 Safe & Arm Performance-B. Wittschen, JSC 
3 6 Service Lite Ag'hg EVA -L Bement, LaRC 
3 6 1 Shuttle Service Life Aging Eval -L Banent, LaRC 

20 Design Methodology 
2 1 NASA Std Gas Generator-L Bement, LaRC 
2 2 Standard System Devices 
22 1 NASA Std Lm Sep Sys - J B Dam, MSPC 
2 4 NASA Std Laser Safe and Arm-B Wittschen, JSC 
25 Adv PAS Performance 
2 5 1 NASA Std, Laser Detonator B Wittschen, JSC 
25 2 NASA Std, Laser Initiator-TBD 

4.0 Pmcess Technology 
4 2 NASA Standard hitiator Model-R Stubbs, LeRC 

Fig. 15. PAS program organization. 
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This program element implements those New pyrotechnic technology requirements 
projects that are necessary to address the necessary for future missions will be studied. 

aspects of the Program’s Programs are expected to require new 
n this element we particularly pyrotechnic mechanisms to meet more 

emphasize documentation and communications demanding environments and to extend service 
(Fig. 16). requirements further than previously 

OFFICE OF 
SAFETYAND 

AEROSPACE 
PYROTECHNICALLY I ACTUATED SYSTEMS - -  I 

1 .O Program Requirements and Assessments 
Element 

* 

* Emphasize documentatlon and communtatbns 
0 

* Ana ze NASA’s future program requirements and current 

0 Provide computerlzed data base 
* 

Implement projects necessary to address management aspects 
of the Program’s objectives 

Prepare policy and plannlng documents to ensure products 
used 

prob%ms 

Produce documentation related to reviews, proceedlngs, 
analyses, etc. 

accomplished. unctional understanding 
and new computational modeling 
capabilities will enhance PAS performance 
capabilities. The objective of the advanced 
planning is to define the efforts needed to 
improve and to verify the improvements in 
PAS quality. New diagnostic techniques, 
for example, will be evaluated (Fig. 17). 

A report on an analysis of future 
requirements will be provided. The future 
requirements document will be used by the 
PAS Program’s management to make 
revisions in the Program Implementation 
Plan or in the Program Plan. The PAS 
requirements report will be updated every 

Fig. 16. Project 1.0, Program Requirements and two years. 
Assessments Element. 

Policy and planning documents, for example, 
are prepared to ensure that the products of the 
Program will be used. The policy document 
will be in the format of a NASA Management 
Instruction that addresses PAS in a broad 
sense. Analyses of NASA’s future program 
requirements and of current problems will 
enable appropriate revisions to the Program 
Implementation Plan. Problems, and the 
analyses thereof, will also be the subjects for 
final reports and the computer data base that 
will be developed. The Program Element 

S A P B n A N D  
MISSION QUAUTI 

1.1 Future Pyrotechnic Requirements 

Project Mgr: N. Schulze, Headquarters 
Determine new pyrotechnic technology requirements 

- Improve PAS quality 
- Meet more demanding envlmnmente 
- Extend swvlce tequiremmts 

computational modeling capabilities - enhance specitfcations 

- 

0 Define effotts to: 

* Evaluate new diagnostic techniques 
0 Provide efforts to provide for functional understandin using 

0 Produd: 
Report on andysis of future requirements 

includes analysis and design efiorts needed to 
address the overall systems aspects of the Fig. 17. Project 1 . 1 ,  Future Pyrotechnic 
Program and the documentation work that 
produces the reports and presentations 
associated with reviews, proceedings, analyses, 
etc. 

Requirements. 
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A technical specification applicable to 
pyrotechnic design,  development,  
demonstration, environmental qualification, lot 
acceptance testing, and documentation will be 
prepared (Fig. 18). 

SAETYAND 
MISSION QUAUTl 

1.3 PAS Technical Specification 
Project Mgc 8. WHtschen, Johnson Space Center 

Oevelop common procurement speciflcatlons 
Provide conslstent technical referenca for common technologies 
Use shared experlance 
Make eppllcabie to des1 n development demonstratlon, 
envlronmental quaiiflcalob, lot acceptelice testing, and 
documentation 
Assure critlcai concerns addressed using expertise of pyro 
communlly 
Provide common In-process quality assurance measures 

- NASA Handbwk (NHB) 

* 

* 

0 

* Product: 

Fig. 18. PAS Technical Specification. 

The specification will include improvements on 
the means for defining and demonstrating PAS 
functional margin. The specification will fulfill 
a void and will serve as a contractual reference 
document. 

The specification will be prepared as a 
NASA technical standard. 

1.4 PyrotechnicaEly Actuated Systems 
Data Base - l". Seeholzer, LeRG 

This Project will develop and document the 
past and current PAS programs in terms of 
system requirements, designs developed, 
performance achieved, lessons learned, and 
qualification status with sufficient detail to 
provide guidance for users (Fig. 19). 

OFFICE OF 
SAFEWAND 

AEROSPACE 
PYROTECHNICALLY 

ACTUATED SYSTEMS 

P BSB 

. Seehoizer, Lewis Research Center 

Include past and current programs In terms of a hardware 
catalogue, system requlrements, designs developed, 
performance achieved, spectflcatlons, lessons learned, and 
quaiificatlon atatus 
Present sufficient detail to provlde guidance for users 

4 

0 

OFFICE OF 
SAFEWAND I AEROSPACE 

ACTUATED SYSTEMS 
PYROTECHNICALLY M l s ~ l o ~  Q"AarrTI 

Pyrotechnic Catalogue: 
* 
* 

Describe PAS devices used o n  prlor programs 
Make avaliable single data source to provlde Information o n  
applications of pyrotechnic devkes: 
- ihelr requlrements - physlcal envelopes - weights 
- functional perlormance 
- lessons learned 
- envlronmental quallflcation 
- flght history 
Provide complete information on pyrotechnic failures 
Provide method to track and document final resolutions 
Place o n  NASA Pyro Data Base for easy access t o  pyro community 

* 
* 
0 

* Coordlnate with industry 
* Product: 

Develo user friendly computer system, personal work station user 1. ... - caimblkv. and traln users 

Fig. 19 a, b. Pyrotechnically Actuated Systems Data 
Base. 

The data base structure and a user friendly 
interface will also be established. Doc- 
umentation requirements which will support the 
data base will be identified as part of a proposed 
NASA Pyrotechnic Policy document that the 
Program will prepare for review by the Steering 
Committee and ultimate implementation by 
NASA. These requirements will also be 
incorporated into device specifications. The 
data base content includes data, reports, 
specifications, documents, etc. The catalog will 
list all past and presently available pyrotechnic 
devices. This project requires project man- 
agement to interact cooperatively with other 
NASA Centers, various DoD and DOE 
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organizations, and private industry. Funding in 
later years will maintain the data base. 

The data base requirements will be 
established and published, a computer system 
selected, a user-friendly program developed, 
entries made, and training provided for users of 
the system. The catalog portion of the data base 
will be prepared as a NASA Handbook to 
provide designers with options in a single up- 
to-date reference document. This is to be a 
turn-key effort. 

A detailed “how-to” document will be 
prepared providing guidance on all aspects of 
design, development, demonstration, quai- 
ific ation (environmental), acceptance testing , 
and margin demonstrations of pyrotechnically 
actuated devices and systems (Fig. 20). 

s 

chnology exchanges at the national level 
will be achieved through the creation 
separate pyrotechnic dedicated workshop 
2 1).  

AEROSPACE 
PYROTECHNICALLY 

ACTUATED SYSTEMS 
SAFETYAND 

- -  I 

1.8 Pyrotechnically Actuated Systems ~ O ~ ~ h Q ~  

P r o w  Mgr: W. St. Cyr, Stennls Space Cen?er 
Create oppwtunlty for technology exchanges at national level 
Perform planning for revlew by the Steerlng Committee 
Presentations by government and Industry personnel on latest 
developments 

- 
* Informal to facilitate communlcatlons 
* Product 

-Workshop o anization pr amtions, implementation, and preparation 
of pmcJings in a i i m g  manner 

Fig. 21. NASA Pyrotechnically Actuated 
Systems Workshop. 

Presentations by government and industry 
personnel are planned as appropriate. 
Planning of the workshop is reviewed by 
the Steering Committee. 

T h e  workshop organiza t ion ,  
preparations, implementation, and the 
preparation of the proceedings in a timely 
manner are all part of the responsibilities 
and products of this Project. 

Project Mgr: L. Bement, Langley Research Center 
Develop detailed “how-to” document to provide guldance on all 
aspects of design development demonstration qualllcatlon 
(envlronrnental), c’ornrnon test dethods, margln hemonstratlons, 
etc. of pyrotechnically actuated devlces and systems 
Scope: Applies to pyro llfe cycle from creatbn of 
PAWcomponent deslgn to final disposition of device 

0 

0 

0 Product 
- NHB iff relermoe 

Fig. 20. NASA PAS Manual 

The manual’s scope will be from the creation of 2 . 0  
the PASkomponent design to final disposition Element 
of the device to take environmental and safety 
issues into account. The Design Methodology Program Element 

addresses those design deficiencies noted in the 
This manual will be prepared as a NASA survey where the need was expressed to further 

guidelines document that will be used for understand current design limitations and to 
reference. apply advanced design approaches. This 

element develops designs, tests hardware, and 
documents results. The primary Design 
Program Element’s deliverables consist of 
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design specifications or standards ( verification of the accuracy of the specification 

The projects per- 
formed here will 
develop the hardware 
that advances basic 
research conducted 
on PAS into oper- 
ationally demon- 
strated technologies 
fo r  performance 
characterization and 
for flight hardware 
applications. They 
will, therefore, more 
accurately define the 
device's ability to 

OPFICE OF 
SAFETYAND 

AEROSPACE 
PYROTECHNICALLY 

ACTUATED SYSTEMS 

0 Applled technology focus 
* Hardware developed 

e 

0 

Emphasize deslgn standards and analytical techniques 
Decrease chance of failure of new hardware design approaches 
or of proven hardware In new operational regimes 
All aspects of pyrotechnk component and systems applications 
covered 
Provide guidelines, handbooks, and specifications for design 
and development of pyrotechnic components and systems 

function under- an- Fig. 22. Design Methodology Program Element. 
ticipated operational 
environments as well as operations in off- 
nominal conditions. Design limits of the device 
are to be determined. Recommendations for 
new applied technology projects will be 
provided by the gram staff for approval by 
the Director of the Technical Standards 
Division, Code QE. In the Design 

ethodology Program Element, hardware will 
be designed, manufactured, acceptance tested, 
and specifications prepared. Designs developed 
under Element 2.0 are tested under Element 3.0. 
This approach addresses the resolution of a 
major problem area revealed in the survey, 
provides emphasis on the importance of both 
design and test, and identifies separate budgets 
for work breakdown structure purposes. 

Emphasis is placed on design standards and 
analytical techniques. From the work in this 
element, the PAS Program provides the 
fundamental data required to generate the 
guidelines, handbooks, and specifications for 
the design and development of pyrotechnic 
components and systems as required for the 
Program to accomplish its hardware focused 
goals and objectives. The technical content for 
the appropriate documents will be developed for 
all aspects of pyrotechnic component and 
systems applications. The 
conduct the applied technology necessary for 
supporting document preparation including 

values. 

These projects 
are highly beneficial 

grams because flight 
hardware character- 
ization and applied 
technology develop- 
ments will decrease 
the chance of failure 
of new hardware 
design approaches or 
of proven hardware 
applied to new oper- 
ational regimes. 

The NASA Standard Gas Generator will be 
among the first hardware developed. The 
NASA Standard Initiator (NSI) has been 
applied universally to serve both as an initiator 
and a gas generator. This has been found to 
contribute to functional failures. The number of 
applications of the NSI as a gas generator well 
exceeds that as an initiator. The NSGG will be 
flight qualified, but its reliability will not be 
numerically proven due to the large number of 
samples required. The development of a 
NSGG has been assigned a high hardware 
priority since it has the widest pyrotechnic 
application. It is important to safety and 
mission success (Fig. 23). 
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A qualified 
NS will be 
provided. A design 
specification will be 
developed as a 
NASA technical 
standard from data 
provided by the 
project. Test re- 
ports will be 
written. 

hardware is needed. 
Extensive back- 
ground and op- 
erational experience 
will be evaluated 
preceding selections 
of candidates for 
NASA standard 
hardware designs. 
Functional perform- 
ance, the effects of 
system variables, 
and scaling will be 
characterized. Pro- 
cess controls will be 
specified in detail to 
assure consistency 
and reliability for all 
manufacturing lots. 
The systems to be 

SAPETYAND 
AEROSPACE 

PYROTECHNICALLY 
ACTUATED SYSTE 

2.1 

gc L. Bemnt, LangEay Research Center 
Develop where the use of g a s  output is needed Po perform a 
function rather than senrlng a5 Ignitor: 
-%paration nub valves, cutters, switches, pin pullers. thrusters, 

mortars, bok,  etc. 

~ 

ste 

Improved, more reliable, high performance 

* Common NASA GG - 
- Important lor safety 

Based on NSI (NASA Stendard Initletor) io provlde pedigree 

- Saves5,NSI - 

Develop sizes to meet wide range of performance requirements 

Wlde variety of cartridges - lack “pedigree” Inherent aith a 
“Standard“ 

* 
Products: - Qualified NSGO, 
- Deslgn speclllcatlon (NHB) - Testreports 

Fig. 23. NASA Standard Gas Generator. 

AEROSPACE 
PYROTECHNICALLY 

I 
ProJect Mgr: Joe B. Davls. 

e Develop standard llnear sep 
-Improved, more reliable, high perfonnance hardware 
-Lower cost 
Characterize functional 
variables, includlng s c a g  
Spdfy process controls to assure consistency and reliability 

e Quai test for flight 
0 Establish operational functlonal margln 
0 Solicit deslgn approaches from industry 

- Prepare NASA-wide technical specification 

ormance, effects of system 

Fig. 24. NASA Standard Linear Separation 
System. 

The development 
of a NASA Standard 

inear Separation 
System (NSLSS) 
has been assigned a 
high system dev 
elopmental priority 
since these systems 
are expensive and 
have wide, safety1 
reliability-critical ap- 
plications. This pro- 
ject undertakes the 
development of a 
standard linear sep- 
aration system to 
provide improved, 
more reliable, high 
performance hard- 

studied include linear separation systems, pin ware which can be produced at a lower cost 
pullers, etc. Qualified NASA standard system Fig. 24). 
designs and design specifications will be 

data provided by the project. Test reports will 
be written. 

developed as NASA technical standards from Current NASA and industry separation designs 
will be considered to serve as an effective 
standard. Functional performance, as well as 
the effects of system variables, including 
scaling, will be cfkracterized. Process controls 
will be specified in detail to assure consistency 

19 



PAS Program: 11. Program Plan 

and reliability for all manufacturing lots. The 
separation system will be flight qualified and its 
operational functional margin will be 

emonstration of margins is a key 
goal of this project. owever, its reliability will 
not be numerically proven within the funding 
constraints. 

A qualified NASA Standard Linear 
Separation System, including the design 
specification and general procurement 
specification, will be developed from data 
provided by the project. The specification will 
be prepared as a NASA-wide technical 
specification, published by NASA 
Headquarters. Test reports will be written. The 
goal is to qualify more than one supplier to 
build the system. 

A wide variety of complex mechanisms 
currently exist to assure the inadvertent initiation 
of pyrotechnically actuated systems, particularly 
for flight termination systems. Standardized 
solid state approaches for safe and arm 
hardware and their interfaces are anticipated to 
reduce risk considerably while enhancing 
functional reliability (Fig. 25). 

his project undertakes the 
qualification of a solid state laser safe 
and arm for demonstration on the 
Pegasus launch vehicle. The design, 
integration, and operation aspects is 
being funded as a cooperative 
venture with the Small Launch 
Vehicle Program Office at NASA 

The Project will develop, 
qualify, and demonstrate in flight a 
standardizable solid state laser safe 
and arm system. Significant 
improvements are expected in size 
reduction, operational performance, 

eadquarters. 

be a flight performance demonstration and 
guidelines on how design features from this 
work can be incorporated into flight units. A 
design specification for a ASA standard laser 
safe and arm will be generated. Test reports 
will be written. 

This project will define and pursue those 
advanced design concepts that are needed to 
bring NASA programs up to the state-of-the-art 
in pyrotechnic technology and to maintain a 
state of currency (Fig. 26). 

OFFICE OF 
SAFETY AND 

AEROSPACE 
PYROTECHNICALLY I ACTUATEDSYSTEMS MlssIoN Q u A ~ ~  

2.4 NASA Standard Laser Diode Safe and Arm 
Prqect Mgr: 8. Wittschen, Johnson Space Center 

* Develop, qualify, and demonstrate in flight a standardizable solid 
state laser safe and arm system - Flight demonstration - TBD - Joint HQS. actlvlty with JSC 
Determine criteria for  what constitutes an acceptable S&A - Closely involve range safety In the design and testing - Place operational considerations up front in the deslgn 
Enhance safety and reduce risk - Enhance functional reiiablllty 
- SlmplHy deslgn - 
Reduce power, explosive containment, and costs 
Make design more easy to manufacturdcheckout 

- Flight performance demonstration-TED - 

* 

Eiimlnate problems with current electromechanlcai designs 

* 
* Products: 

Guldellnes for lncorporatlng features into flight units 

Power, and explosive containment. 
The latter will reduce hazards from 
debris. The results of this effort will 

Fig. 25. NASA Standard Laser Diode Safe and Arm. 
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AEROSPACE OFFZCE OF 
PYROTECHNICALLY SAFETYAND 

ACTUATED SYSTEMS - -  I 

2.5 Advanced Pyrotechnically Actuated 
Systems (PAS) 

4 Define and pursue advanced deslgn concepts to brln NASA 
programs up to  he state-of-the-art in pyrotechnic t&nology 

Fig. 26. Advanced Pyrotechnically Actuated Systems. 

The first such activity concerns the development 
of a NASA Standard Laser Detonator (partially 
funded). The second activity will be the 
development and qualification of a NASA 
Standard Laser Initiator (partially funded). 
New, flight qualified, standard hardware will be 
built. Specifications will be prepared as NASA 
technical standards. Test reports will be 
written. 

2.5 .1  NASA Stanaa 
Phase I - 
Investigations .. 
J S C  

This project will investigate advancing 
NASA pyrotechnic technology by developing 
and conducting tests of laser detonators, Phase 
I. This project will also support Project 2.4, 
NASA Standard Laser Diode Safe and Arm, by 
the conduct of off-limits testing of 
developmental hardware. If successful, Phase 
II will proceed with the qualification of a NASA 
Standard Laser Detonator and subsequently the 
development and qualification of a NASA 
Standard Laser Initiator (NSLI), Task 2.5.2. 
(Fig. 27) 

The rationale for the development of the 
Laser Standard Detonator is similar to that 
for the NSI. The current NASA Standard 
nitiator (NSI) was developed during 

Apollo and became a standard pyrotechnic 
device for Shuttle. Although it is extremely 
reliable, the NSI is susceptible to 
electromagnetic interference and is not 
suitable for efficient, automated rnan- 
ufacturing. While it is believed that 
enhancements will occur in initiator safety 
and reliability, the greatest gain from laser 
initiated devices is anticipated to be in cost 
savings from more efficient operational 
hardware and vehicle processing. It is, 

AEROSPACE 
PYROTECHNICALLY 

Project Mgr: B. Wittschen, Johnson Spce Center 
Advance pyrotechnic technology - develop laser detonators 
- Supports Project 24, NASA Standard Laser Dlode Safe md Ann - Conduct off-llmlts testlng of developmental hardware 
- Phase II task quallfles a NASA standard Laser Detonator 
Goals include optimizing optical interface between the fiber and 
the pyrotechnic charge, publishing a spectication. and the 
prccurement and test of devices to provide a data base 
Products: Qualified NASA Standard Laser Detonator and 
designnest specification 

0 

Fig. 27. NASA Standard Laser Initiator (NSLI). 

therefore, highly desirable to develop a 
simplified initiator using a non-electric energy 
source of pyrotechnic charge ignition, such as a 
laser pulse. Laser initiators would become the 
initiation source for many pyrotechnic systems 
currently using the NSI. While the principle of 
laser ignition was demonstrated about 25 years 
ago and some devices have been produced, no 
progress is being made toward a standard 
device. The concept of laser initiated ordinance 
appears very attractive, but there is a need for 
data to develop confidence that this technology 
can perform as expected. The goals of this 
project are to optimize the optical interface 
between the fiber and the pyrotechnic charge, to 
publish a device specification, and to procure 
and test devices to initiate a data base. If the 
data appear sufficiently attractive, then a project 
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plan will be 
qualification a 

design and specification will be developed from 
data provided by this project. Test reports will 
be written. 

loped for Phase 

A qualified NASA Standard 

This project will advance NASA 
pyrotechnic technology by developing and 
qualifying a NASA Standard Laser Initiator 
(NSLI). It will be supported through the 
experience gained by Project 2.4, NASA 
Standard Laser Diode Safe and Arm, through 
the conduct of off-limits testing of 
developmental hardware and firing circuits, and 
by the NSLD Task 2.5.1. (Fig.28) 

SAPETYAh'D 
MISSION Qumn 

2.5.2 NASA Standard Laser Initiator 

Project Mgr: - TBD 
e Develop and qualify a NASA Standard Laser Initiator 

- Su ported by NASA Standard Laser Diode Safe and Ann (Prolect 
2.4fand NASA Standard Laser Detonator (Task 2.5.1) 

Goals include optimizing optical interface between the fiber and 
the pyrotechnic charge, publishing a specification, and 
procurement and test of devices to initiate a data base, 
Product: Develop a qualified NASA Standard Laser lnrtiator and 
desigdtest specification 

* 

Fig. 28. NASA Standard Laser Initiator. 

A qualified NASA Standard Laser Initiator 
design and specification will be developed from 
data provided by this project. Test reports will 
be written. 

3 .  st t 

This program element addresses all aspects 
of testing : manufacturing , lot acceptance, 
qualification, margin validation, accelerated life, 
ground checkout, and in-flight checkout. 
Deficiencies will be addressed as noted in the 

survey where a need to improve upon 
pyrotechnic test methods was indicated and 
where it was considered necessary to develop 
test approaches that better characterize 
component and system performance 

AEROSPACE OFFICE OP 
PYROTECHNICALLY SAPETYAND 

ACTUATED SYSTEMS 

a Address all aspects of testlng: manufacturln lot acceptance, 
quallflcatlon, mar In valldatlon, accelereted &e, ground 
Checkout, and ln-ifight checkout 

0 Provide bem characterizatlon of component and system 
performance 

Fig. 29. Test Techniques Program Element. 

Under these projects, the Program will test the 
hardware produced in Element 2.0. This 
Program Element will also develop new, 
improved, and appropriate test techniques to 
assure that the requirements imposed upon 
pyrotechnic devices are producing the specified 
performance required by NASA's programs. 
Of particular concern is the provision for sound 
technical approaches that verify the device's 
energy output and energy output rate. This 
element must provide the means to show that 
operational hardware can consistently meet 
specified design margins in a manner that is 
consistent with the manufacturing and process 
tolerances allowed by the specified man- 
ufacturing control documentation. 

Guidelines, handbooks, manuals, and 
specifications will be produced for proper 
design practices, development, qualification, 
production (manufacture), and acceptance 
testing of pyrotechnic components and systems. 
The above will be developed for all aspects of 
pyrotechnic  component  and system 
applications. This Program Element will em- 
phasize experimental  and analytical  
developments to demonstrate functional 
margins. The technology needed to support the 
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accurate preparation of appropriate documents 
will be developed. 

s 

This Project will qualify the NS 
flight. It will also develop test procedures for 
the NSGG that confirm its intended operation 
and quantify performance relative to the design 
specification (Fig. 30). 

he results of the analysis will be pubi~shed 
ated into the Program planning 
ystem designs will be flight 

ualified, and test reports will be prepared. 
rocess controls will be specified in a detailed 

technical specification to assure consistency and 
reliability for all manufacturing lots. The initial 
system to be qualified will be 
system (Project 2.2.1).3.2.1 

e - E Bement, 
c 

OFFICE OF 
SAFETYAh'D 

AEROSPACE 
PYROTECHNICALLY 

ACTUATEDSYSTEMS 

3.1 NSGG Performance 
Project Mgr: L. Bement, Langley Research Center 

0 

0 Develop test procedures 

0 QuallfyNSGG 
0 

* Products: 

Test to demonstrate NSGG for flight 

Quanttfy performance 

Prepare deslgn and test speclllcatlons 

- Design and test speciflcatlon - NSOG qunllflcatlon test report 

This Project will demonstrate functional 
performance of the NSLSS developed in 
Project 2.2.1. Functional performance 
margins, as well as the effects of system 
variables, including scaling, will be 
demonstrated. It will also develop test 
procedures for the NSLSS that confirm its 
intended operation and quantify perf- 
ormance relative to the design specification, 
Project 2.2.1. Test data will be obtained to 
qualify the NSLSS for flight. The data will 
also be used to update design specifications 
and for publishing test specifications. 
(Fig. 32) 

Fig. 30. NSGG Performance. 

Test data will be obtained to demonstrate the 

update design specifications and for publishing 
NSCG for flight. The data will also be used to PYROTECHNICALLY 

I test specifications. 

The results of the testing will be published 
as a test specification for use by programs. It is 
anticipated that new NASA standards will be 
developed as a result. A NSGC qualification 
test report will be prepared. 

I 3.2 ~ t a n ~ a r ~  

Extensive background and operational 

e Provide Im oved, more reliable, hlgh performance standard 

a 
hardware d&m 
Establish functional performance, effects of system varlables, 
scatlng 
Prlorltlzed selection of candldate hardware to become 
"standards" 
Products: - 
- 

System designs flight qualified and repom 
Process controls specified in a technical specification 

experience will be obtained during qGalification 
of standard designs selected for development in Fig. 31. Project 3.2, Standard Systems Designs. 

Project 2.2. Functional performance-and the 
effects of system variables, including scaling, 
will be characterized (Fig. 31). 

23 



PAS Program: 11. Program Plan 

OFFICE OF 
SAFETYAND 

AEROSPACE 
PYROTECHNICALLY 

ACTUATED SYSTEMS 

0 Demonshate lunctlonal performance of the NSLSS developed In 
P r o W  2.2.1. 

0 

0 

Deielop test procedures for the NSLSS that m f l r m  Its intended 
operatlon 
Quantlfy performance output and update deslgn specMcatlons 
Products: - *stem design@) flight qualified - - Comprehensive final report 

Process controls speoified in a technical speciflcallon 

Fig. 32. Project 3.2.1, NSLSS Performance. 

A comprehensive final report on the results 
will be published. System designs will be flight 
qualified and individual test reports prepared as 
testing is completed. Critical process controls 
will be identified in detail to permit preparations 
of a NSLSS technical specification. That 
specification will provide the information 
necessary to assure NSLSS consistency and 
reliability for all manufacturing lots. 

3 .  user rm 
e r ~ o r ~  e 

Test procedures for the safe and ann devices 
will be developed that confirm intended 
operation and quantify performance relative to 
the design specification (Fig. 33). 

Test data will be produced to demonstrate 
range safety aspects required of safe and 
arm devices for flight use. The data will 
also be used to update design specifications 
and for test specifications. 

Test reports will be prepared. Test 
results will be entered into the PAS Data 
Base and will be incorporated into the safe 
and arm design and test specifications. 

3. 

This project will test the performance of 

SAFETYAND 
AEROSPACE 

PYROTECHNICALLY I ACTUATED SYSTEMS " -  I 

3.4 Laser Diode Safelarm Performance 
Project Mgr: B. Wlttschen, Johnson Space Center 

0 Develop test procedures - Quantify performance 
* Contlrm specnlcatlon performance . 
0 

* Products: 

Demonstrate satelarm devices tor tilght 
Update design and test speciticatlons 

- 
- Prepare qualllicatlon report 

Publish test specificatim for use by programs 

Fig. 33. Laser Diode Safe and Arm Performance. 

advanced pyrotechnic devices and systems. 
Highly relevant measurement approaches will 
be used to define device outputs and system 
functions. The data will also be used to update 
device specifications and to prepare man- 
ufacturing test specifications. 

The results of the testing accomplished will 
be published. as a test specification for use by 
programs. New NASA standards will be dev- 
eloped. Qualification reports will be prepared. 

3. 

The effects of aging on pyrotechnic devices 
and any degradation incurred as a result of 
storage and service in the intended operational 
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environments will be evaluated controlled conditions. ( 

elationships bet- 
ween storage en- 
vironments and 
device shelf life will 
be determined. App- 
roaches to accelerated 
life testing will be 
evaluated to find 
performance char- 
acteristics that can be 
measured during 
qualification to en- 
sure that function and 
margins are not 
impaired by long 
periods of storage and 

AEROSPACE OFFICE OF 
SAFETYAND PYROTECHNI CAL MISSION QUAL117 

ACTUATED SYSTE 

3.6 Se 

Project Nlgr: L. Bement, Langley Research Center 
* Evaluate effects of aging on pyrotechnic devices and 

degradation from storage In the intended operational 
envfronments 
Determine relationships betwaen storage envlronments and 
devlce sheif life 
Evaluate accelerated llfe tegt approaches 

qual FhdP ication to ensure that function and margtns are not 
Impaired by long periods of storage 
Product: - 

* 

e 

e ormance characteristics that can be measured during 

Guidelines for estimating setvice life 

Fig. 34. Service life aging evaluations. 

service. The first activity under this project will 
use Space Transportation System (STS) 
pyrotechnic devices removed during major 
overhaul of Columbia. 

Guidelines will be provided for estimating 
device service life capability based on data 
obtained from test methods that measure 
performance after actual or accelerated storage 
conditions. Test reports will be prepared. 

3.6.1 Service Life ~ v a ~ u a t i o ~ s  - 
Shuttle ~ l i g h ~  

t, C 

Using current LaRC developed techniques, 
this project will determine effects of aging on 
Shuttle pyrotechnic devices, and any 
degradation incurred as a result of exposure to 
the operational environments. Relationships 
between service environments and device shelf 
life will be determined. Accelerated life testing 
will be evaluated to ensure that function and 
margins are not impaired by long periods of 
storage. The project will provide the technical 
data for permitting the extension of Shuttle 
pyrotechnic devices, thereby potentially saving 
NASA millions of dollars and other savings that 
will result from more efficient operations. The 
Shuttle hardware offers the first opportunity to 
compare actual space flight hardware with older 
hardware that has remained on the ground under 

comparison of the 
effects on device 
performance that can 
be attributed to the 
combined effects of 
ground processing, 
space launc h/en try/ 
landing dynamics, 
and in-space flight 
operational expos- 
ures can be deter- 
mined, 

The effects of 
service life will be 

OFFICE OF 
SAFETYAM) I AEROSPACE 

PYROTECHNICALLY oLIALIT) I ACTUATED SYSTEMS - -  I 

3.6.1 Service Ufe Evaluations - 
Shuttle Flight Hardware 

Profect Mgr: L. Bement, Langley Research Center 
* Determine effects of aglng on Shuttle flight pyrotechnlc devices - 

- 42unitstested 
Compare actual space 111 ht hardware with older hardware 
stored on the ground un& controlled conditions 

- 

Ensure that function and margins not impaired by long periods of 
storage 

0 

* Test phase recently completed 
Results lookgood. Five year extension. 

Fig. 35. Service Life Evaluation of Shuttle hardware. 

determined for Shuttle TBI (Through Bulkhead 
Initiator) - 4 units, FCDC (Flexible Confined 
Detonating Cord) - 12 units, window cutting 
assemblies - 2 units and SMDC (Shielded Mild 
Detonating Cord) - 24 units. Service 
extensions will be based on data obtained using 
proven test methods that measure performance 
after exposure of the actual flight hardware 
exposed to flight operational environments. 
The test phase of this project has been recently 
completed. 
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AEROSPACE OFFICE OF 
PYROTECHNICALLY SAFETYAND 

ACTUATED SYSTEMS 

t 

Put science into design and analysis of pyros 
Develop approaches for analytically characterizing device 
performance sensitivities to manufacturing tolerances and 
“faults,” or deviations, in component ingredients 
Perform tests that verify analysis 
Address problems caused by inadequately controlled 
specifications or introduction of unanticipated substances into 
manufacturing process 
Establish proper degree of controls for assuring product quality 
and reliability 
Emphasize process understanding and controls to assure that 
specified hardware performance is realized during 
manufacturing processes 
Support product inspection criteria and acceptance testing 
criteria 

0 

e 

0 

* 

0 

e 

Fig. 36. Modeling - Process Technology Program Element. 

It is necessary to develop test techniques that 
verify the analysis (Element 3.0). This program 
element will address the problems caused by 
inadequately controlled specifications or by the 
unexpected introduction of substances into the 
manufacturing process. This element is 
expected to establish the proper degree of 
controls for assuring product quality and 
reliability. 

during manufacturing processes. The Program 
will conduct the necessary technology 
developments that support manufacturing 
processes. The means to validate that the 
critical manufacturing steps are all in place 
(product inspection) and that the delivered 
product performs per specification (acceptance 
testing) is of equal importance to understanding 
and adequately controlling processes. This 
relationship is shown in Fig. 37: 
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ACCEPTANCE TESTING 

Fig. 37. Interrelationships between PAS Program and product reliability. 

This project will provide a better 
understanding of the effects of process 
variables on the NSI’s performance. It 
will be accomplished through the 
development of a model, the fidelity of 
which will be verified by testing. This 
Project will present the technical details 
needed to control the device’s function 
to a consistently high reliability level of 
performance (Fig. 38). 

A user friendly NSI model will be 
developed, and a report will be 
published describing the modeling in 
specification format for use by 
programs. 

AEROSPACE OFFTCE OF 
PYROTECHNICALLY SAFETYAND I ACTUATEDSYSTEMS 

4.2 NSI Model Development 
Project Mgr: R. Stubbs, Lewis Research Center 

9 Provide better understanding of NSl’s sensitivities to the effects 
of process variables on performance 

0 Develop model - Contract with Dr. J. Powers and Or. I(. Gonthier, Unlversily of Notre 
Dil2lB2 

* Verify by testing 
0 Present necessary technical details to control device’s function 

provldlng consistently hlgh rellabllity level of pefformance 
Products: - Validated model - Report describing model In speclflcatlan format 

Fig. 38. Project 4.2, NSI Model Development. 
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Fig. 39. PAS Program schedule. 
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PAS Program: In. Summary 

The NASA A lan identifies the goals and the 
Actuated Systems bjectives which define how those 
technology program, ha itiated to goals are to be accomplished. The 
enhance the reliability, safety, and performance will improve NASA’s capabilities to design, 
of pyrotechnically actuated systems. This develop, manufacture, and test pyrotechnically 
Program has been planned to help resolve actuated systems for NASA’s programs. 
concerns raised by the NASA-DoD Aerospace Program benefits include the following: 
Pyrotechnic Steering Committee and by senior 
NASA management. This Plan reflects key 
efforts needed in PAS technology (Fig. 40). 

AEROSPACE OFFICE OF 

111. Summary 

* A modest well thought-out program has been developed to 
address 6ast problem areas 
Goal Is to reduce rlsks on future programs 
Plan received excellent senior management attention support 
and endorsement at Headquarters as well as from NASA cendr 
management 
Advocacy ai NASA Headquarters now being provlded for 
pyrotechnlcs technology 

0 

Fig. 40. PAS Program Summary. 

* Improved safety and mission 
success for NASA’s flight 
programs, 

* Advanced pyrotechnic systems 
technology developed for NASA 
programs , 

* Hands-on pyrotechnic systems 
expertise, 

* Quick response capability to 
investigate and resolve 
pyrotechnic problems, 

* Enhanced communications and 
intercenter support among the 
technical staff, and 

0 Government-industry PAS 
technical interchange. 
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PAS Program: Definitions 

Goal 
The top level purpose of the program. 

Near term 

Objective 

Activities having the highest urgency plus those required as a 
foundation for the strategic elements. This period of time is - 2-3 
years. 

Detailed focused activities to support the accomplishment of the 
program’s goals. 

Includes pyrotechnic devices and interfacing elements that could 
cause the pyrotechnic device itself to malfunction or for the 
pyrotechnics to influence an otherwise unwanted effect. 

Pyrotechnically Actuated System ( 

Pyrotechnic device 

Qualification testing 

Comprises explosive and propellant-actuated mechanisms excluding 
propulsion systems. 

Testing conducted to verify that factory manufactured hardware, 
when built to specification drawings and control documents, will 
meet specified performance requirements in the intended operational 
environment. The number of units tested will be sufficient to 
provide a representative sampling of the manufactured hardware. 

Reliability testing 
Testing conducted on the number of samples that is required in order 
to verify that factory manufactured hardware, when built to 
specification drawings and control documents, will meet specified 
failure rate requirements and performance requirements in the 
intended operational environment. 

Specific performance 
A higher level of output per unit input. In the case of pyrotechnics, it 
is the energy produced per unit mass. 

. Strategic 
Long, 10-year, general purpose program plan to provide guidance 
for the properly directed development of the program in the future. 
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PAS Program: Acronyms 

DOE 
FCDC 
LaRC 
LeRC 
MSFC 
NSD 
NSGG 
NSI 
NSLD 
NSLI 
NSLSS 
PAS 
PIP 
smc 
SSC 
TBI 

Department of Energy 
Flexible Confined Detonating Cord 
Langley Research Center 
Lewis Research Center 
Marshall Space Flight Center 
NASA Standard Detonator 
NASA Standard Gas Generator 
NASA Standard Initiator 
NASA Standard Laser Detonator 
NASA Standard Laser Initiator 
NASA Standard Linear Separation System 
Pyrotechnically Actuated Systems 
Program Implementation Plan 
Shielded Mild Detonating Cord 
Stennis Space Center 
Through Bulkhead Initiator 

1. NASA survey entitled, “Solicitation of Interest in a Coordinated Pyrotechnic Technology Effort 
Among Centers,” performed by the Langley Research Center, May 15, 1986. 

2. Bement, L. J., “Pyrotechnic System Failures: Causes and Prevention,” NASA T 
Langley Research Center, Hampton, VA, June 1988. 

3. “NASA Pyrotechnically Actuated Systems Program,” prepared by Norman R. Schulze, 
approved by Daniel Mulville, NASA Headquarters, Washington, DC, February 1992. 
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effects of 

lthough pyrotec nic devices accomplish critical mechanical 
unctions in aer space systems, little effort has been 
applied to understand how well they perform (their functional 
 margin)^ These devices are single-shot and costly, so the 

f component tests (development, qualification and lot 
ce) and the number of system-level functional tests 
mized. Fur there are few generally accepted 

margin tests to ass hancing this understandinq, 
Consequently, many enter flight operations with only 
a lngo/no-gotv def ini yrotechnic performance; that is, 
in testing the devic ly data collected were that the 
device either function. This lack of testing 

as led to costly failures on two 
rcos astronomy satellite utilized 
to ignite a rocket to achieve a 

circular orbit. Failures of the initiators left the 
satellite in an eccentric orbit, which reduced the 
effectiveness of the mission (references 1 and 2). The Tri- 
Services stealth missile utilizes pyrotechnic devices ‘“to 
blow the cover off the radar-evading missile when it8s 
dropped from a bomb r, allowing its wings to unfold and its 
engine to startr8@ ( eference 3). These devices have 
contributed to thre flight failures, and have delayed 
funding on the $15 billion program, (references 3 and 4). 
The purpose of the effort described in this paper was to 
improve the of understanding how pyrotechnic devices work by 
demonstrating a method for measuring the performance margin 
of a pyrotechnically actuated in puller for use on the 

alogen Occultation Experiment ( LOE) instrument I 

hich is on an orbital spacecraft. 
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out of the port t 
The shear pin fai 
Redundant O-rings 
and lubricated wi 
deep-drawn, 0 e 15- 
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impact into the 
pin/piston and p 
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LOE Pin Puller 

electrodeposited nickel/Teflon coatinq as a dry lubricant. 

installation and the pin/piston assembly was stroked six 

o assure lubrication of both the o-rinqs and the pin/piston 
ores, the O-rings were generously lubricated before 

hrough its limits in the body, followed by a force 
ment to verify low friction levels. An O-ring was 

sed to seal the cap to allow reusability. The units were 
isassembled and cleaned after each firing. The cap was 

d to allow a larger volume to accommodate the 
a1 for blowby and gaseous compression in the stroke of 
ton. The energy absorbing cup height was increased to 
nch to provide a greater energy absorbing capability 

an that in the Viking pin puller. 

TEST APPARATUS 

uller was evaluated in three basic test 
configurations~ tests to determine the energy required to 
stroke, tests to measure and compare N S I  output, and 
functional tests. 

Energy Required to Stroke 

To determine the energy required to stroke, a drop test rig 
was employed to drop 1, 2 or 3-pound steel weights onto the 
vertically oriented pin puller. The total energy input was 
determined by multi lying the drop weight by the drop height 
to obtain a value in inch-pounds. The rebound height of the 
drop weight was monitored and found to be negligible, less 
than 2 percent. Small weights and large drop heights were 
selected to simulate the dynamics of an actual firing. Drop 
tests completed the stroke in 2 milliseconds, while an actual 
firing required 0.5 millisecond. 
required to stroke the pin puller are conservative, because 

The measured energies 



Functional Test 

spaceflight hardware and interfaces, (a system test). 

PROCEDURE 

The approach used in this effort was to compile the history 
of this pin puller design from its application on the Viking 
program to Magellan failures, through a HALOE-sponsored 
failure investigation, to the HALOE redesign, functional 
evaluation, and requalification. 

Viking History 

The records for the Viking mission were studied to document 
the approach for development, including functional 
demonstration, qualification and system testing, 

Magellan Selection/Failures 

The records of the agellan project's experience with the 
Viking pin puller design were compiled. Fortunately, the 
same prime contractor, Martin Marietta, developed both the 
Viking and Magellan spacecraft, allowing technical continuity 
to be maintained. 

HALOE Failure Investigation 

The HALOE project office had chosen to use residual Viking 
pin pullers from the original manufactured lot in their 
system. 
resolved, prior to incorporating the Vikinq pin puller into 
the HALOE instrument. The approach for this failure 
investigation was to e amine pin pullers that had been 
functioned in past tests, determine the functional parameters 
that affected performance, and determine functional margin of 

It was imperative that the Maqellan failures be 



energy delivery data were analyzed to determine the pin 
pullerps functional margin, 



was assume 



Evaluation of functional parameters - This test series 
included input energy drop tests and honeycomb crush energy 
output tests. 

Drop tests conducted with well-lubricated O-rings indicated 
that approximately 2 5  inch-pounds were required to fail the 
shear pin (5 inch-pounds), stroke the piston/pin (static 
friction forces of 3 to 5 pounds) and lock it by slightly 

nergy absorbing cu 
uired over 100 inc 
of 50 pounds). T 

axes and had chun 

e results of drop tests to determine 
characteristics of the energy absorbing cups are summarized 

re 4 .  The amount of crush increa gd linearly with 
e initial (I series) 0.150 and a ew procurement of 
nch deep cups (DC series). 

The results of the cartridge output series are shown in table 
I (reference 8 ) -  The N S I  ot XPJ produced the highest and 
most consistent energy out ut, averaging 127 inch-pounds, 
ith a standard deviation f 20 inch-pounds~ The VSI with 99 
and 21 inch-pounds, respectively, was the second highest and 
consistent. However, the NSI lot XDB exhibited a low and 
highly erratic output; the average was 53 inch-pounds with a 
standard deviation of 4 9  inch-pounds. The maximum was 137 
inch-pounds and the minimum was 19. 

The performance enhancement tests, table 11, indicate 
considerably improved performance. The epoxy nozzles 
produced a 100 inch-pound increase in energy output in both 



bore. The molybdenum disulfide coating had also likely wiped 
off of the pin and deposited on the pressure side of the 
pints o-rinq interface, preventing sealing. The previous 
drop test likely further aggravated these conditions. 

In summary, the aluminum-bodied test series r vealed that a 
considerable increase in energy required to s roke could be 
expected with less lubrication on o-rinq inte faces. 
chemical chromate and molybdenum disulfide coatings reduced 
the sealing reliability of O-ring interfaces. The aluminum 
body had a sensitivity to deformation. The steel-bodied test 
series revealed considerable output variation among VSI and 
NSI lots and that the combustion efficiency of all lots could 
be significantly enhanced by using an epoxy nozzle and an 
external BKN03 booster charge. Also, the steel body 
exhibited none of the sensitivities to sealing or metal 
deformation. Finally, the use of a steel body met the 
requirement that the NSI enerqy output (127 inch-pounds for 
lot XPJ) was at least three times the energy required to 
stroke (25 inch-pounds). 

The 

LOE Redesig /Functional Evaluation/Re~uali~~cation 

Based on the results of the failure investigation, the 
project office decision was to proceed with a steel-bodied 
configuration. 

Enersv rewired to stroke tests - Drop tests revealed that 
the 25 inch-pound energy requirement to stroke and lock the 
piston and the cup crush characteristics were the same 
between pin puller designs. 

Enersv delivered & the NSI tests - The energies measured in 
all functional tests of the HALOE pin puller are shown in 
table 111. Energy delivery measurements were obtained in 
each firing by measuring the amount of crush occuring in the 
energy absorbing cups. 
input versus cup crush (figure 4) was obtained from drop 
tests. Note that for tests 1 through 9, using the 0.154-inch 

The cup crush calibration of energy 



erage energy produced by the 
under test conditions that are 
nfiguration. 

gy required to function 
tests with flight 

is a ratio of he energy in 
omplish the r unction to 
the f~nctio~. For the 

Functional = 5.6 
2 5  

The average energy deliverable by th SIs in the system 
tests was 165 inch- ounds, The ener uired to stroke the 
piston was dete d to be 25 inch- e drop tests. 

D RECO 

The conclusions and recommendations in egard to the two 
questions raised in the introduction ar 

1. How could devices t assed qualification fail to 
perform? 



2. 

at the changes mad 
y using steel 
ry coating on the 
ctional perfo 
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13-32275, 

0500 
0500 
0300 
0300088 
0500452 
0500665 
0500732 
0500716 
0500683 
0500745 

Average 
Std Dev 

Percent of Avg 

85 
95 
119 
92 
89 
110 
104 
74 
78 - 143 

= 99 
= 21 
= 21% 

NASA Standard Initiator, Lot XPJ, Mfd in 1985 

0384 107 
0385 135 
0398 143 
0393 113 
0392 122 
0400 121 
0414 165 
0394 - 110 

Average = 127 
Std Dev = 20 

Percent of Avg = 16% 

NASA Standard Initiator, Lot XDB, Mfd in 1988 

0147 26 
0144 19 
0150 137 
0149 31 
0138 - 54 

Average = 53 
Std Dev = 49 

Percent of Avg = 92% 



0500695 207 
0500380 271 
0500727 189 
0500755 210 
0500690 - 202 

Avg 216 
Std Dev 32 

% of Avg 15 

N S I  l o t  XDB with epoxy nozzle 

0121 111 
0154 257 
0152 128 
0118 192 
0148 - 144 
Avg 166 

Std Dev 59 
% of Avg 36 

BKN03 charge bonded t o  VSI output closure 

0300009 
0300139 
0500685 
0500750 
0500389 
0500398 
0500698 
0500693 

>270 
>280 
310 
370 
392 
359 
320 
190 

40.5 milligrams 
19.3 
20.1 Two honeycomb cubes 
20.1 stacked to double the 
20.0 measuring capability; 
20.1 O-rings still vented, 
20.0 due to inadequate length 
10.0 of piston bore. 

Dual 

0500684 >360 
0500718 

VSI firing 

Simultaneous initiation with 
420 pound-strength honeycomb 

4 



10 
11 
12 
13 
14 
15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

04 - 124 189 
0720 .138 210 
0476 a 126 192 
0489 .123 188 
0479 e 130 198 
0480 e 118 - 180 

Avg = 193 
Std Dev = 10 

% of Avg = 5 

sorbing Cup Size - 0.250 Inch 
(Environmentally Exposed Pin Pullers, Non-System Tests) 

0454 

0444/0446 
0450 
0453 
0449 
0455 
0451 
0448 
0452 

.lo2 156 

.167 >254 
183 >278 
.120 183 
e 117 179 
.128 195 
e 138 210 
.llO 168 
.lo7 164 
.135 206 

**Avg = 183 
Std Dev = 22 

percent of Avg = 12 

Energy Absorbing Cup Size - 0.250 Inch 
(System Tests) 

0491 .115 176 
0456 e 096 147 
0445 .089 136 
0396 e 115 176 
0390 .124 - 189 

Avg = 165 
Std Dev = 22 

percent of avg = 13 

*Wrong second cartridge installed. **Excluding tests 17, 18. 
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Small ICBM 
Laser Firing Unit (LF 

By Jim Aloise 
and 

Larry Snarr 
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SER TO INITIATOR 

4 

sure to a nuclear e n v i ~ ~ e n t .  
and shock e n v l ~ o ~ e n t s  8 

lfied to be greater than .999 
a monthly bulP in test 

ntinuity from the laser to each 



S 

MARGIN ABOVE ALL-FIR E > 3OX SINGLE EVENTS 

5 

The LFU has 11 operational events that occurred in a known order and with a ~~~~n In 
nd. Size and weight are as shown. There were 2 s i m u ~ a n ~ s  

8. Simultaneity was accomplished using a slngle beamspl 
In front of the optical fiber. All flight tests were conducted 

optical splitting approach. The optical splrtting 
Margin above all-flre level Is approximatel 

event) for a slngle event and 15 times for the deleted dual events. During a nuclear event marg~n 
drops significantfy. 

later dropped during t 
times under best cas8 



LASERS, 1 LFU 

6 

LFU performed all ope 
. A slngle LFU has two 

al f ~ n ~ ~ n s  of the missile except release and lnit~tion of the 
ant sldes which resulted In a single Initiation event being 
n 2 discrete optical fibers to 2 discrete initiators. 
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laser enters the input facet of the sequencing rhombokl and after 
It exits at the -me angle It entered. The beam Is brought to focus 

the fiber face. Placing the fiber slightly displaced from 

travels uninhibited Into the 
pped to the next location and the - 

slty at the fiber face which reduces damage. 
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cDonnell Douglas PanY ( SC) has developed a 
Laser Ignition Subsystem (LIS) for Air-to-Air missile applications. The MD 
subsystem is designed to activate batteries, unlock fins, and sequence propulsion 
system events. The subsystem includes Pyro Zirconium Pump (PZP) lasers, 
mechanical Safe & Arm, fiber-optic distribution system, and optically activated 
pyrotechnic devices (initiators, detonators and thermal batteries). The LIS design has 
incorporated testability features for the laser modules, drive electronics, fiber-optics, 
and pyrotechnics. Several of the LIS have been fabricated; and have supported 
thermal battery testing, integral rocket ramjet testing, and have been integrated into 
integral rocket ramjet flight test vehicles as part of the flight control subsystem. 

lntrod uct ion 
McDonnell Douglas Missile Systems Company, with Hercules/Allegany 

Ballistics Laboratory, SAFT America, and Hi Shear has demonstrated the use of laser- 
initiated pyrotechnics to sequence events in the Advanced Air-to-Air Missile (AAAM) 
D&V program. The Laser Ignition Subsystem (LIS) uses six Pyro-Zirconium Pump 
(PZP) lasers to initiate the thirteen pyrotechnics, controlling the activation of the Fin 
Unlock, Battery Activate, and Integral Rocket Ramjet functions. Two distinct initiators 
and a detonator were developed for the LIS, along with a unique activation train within 
the thermal batteries. The lasers and associated control and test functions were 
housed within two modules, which are form/fit compatible with the AAAM application. 
Each of the six laser modules require Arm and Fire signals for activation, and feature a 
mechanical Safe/Arm device to preclude inadvertent firing of the lasers and 
pyrotechnics. The fiber optic harness incorporates multiple strands of 200 pm and 400 
pm fibers routed to each pyrotechnic. Built-In Test features of the system include 
optical integrity checks from laser rod to pyrotechnic, lamp module status 
(firedhnfired), and fire function monitor. 

The LIS has proven to be reliable, and has been successfully used in the 
development of the thermal batteries, booster and ramjet sustainer. It has been 
subjected to strenuous environmental tests and retained operational capability. 
Several have been installed the the AAAM Air Vehicles in preparation for flight 
demonstration. 

The Integral Rocket Ramjet (IRR) system concept applied to the AAAM program 
is outlined in Figure 1. The Flight Controls regulates all activity in the system. It 
transmits Arm and Fire commands to the LIS to activate the thermal batteries, unlock 
the fins, and sequence the booster and sustainer functions. The Flight Controls also 
commands fin position and manages the fuel flow to control vehicle flight. 

commands from the Flight Controls. The first event is the activation of the two thermal 
batteries, which is performed using aircraft power prior to launch. The second laser is 

There are six laser modules in the LIS, which are fired in response to 
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FIGURE 1. Integral amjet System Concept 

used to unlock the four fins simultaneously. The remaining four lasers are used to 
sequence the propulsion events, which use a total of seven pyrotechnic devices. Each 
of the six lasers is fired only once, activating a total of 13 pyrotechnics. 

I!. The LIS Contr I Assemblies 
The lasers, Safe/Arm devices, and associated electronics are packaged in two 

housings, as shown in Figure 2. The port assembly consists of the laser modules for 
the Battery Activate and Fin Unlock, and has the Optical BIT detector circuitry for all 
laser functions. The starboard assembly contains the laser modules for the propulsion 
events. 

The segregation of the events in this manner is not merely for convenience. 
Only the battery power is routed to the starboard control assembly, significantly 
reducing the risk of an inadvertent firing before launch. The port assembly requires a 
single Arm command to arm both lasers, and a distinct fire command to activate the 
specific lasers. For safety purposes, the starboard assembly requires two Arm 
commands to arm all four lasers, and then the distinct fire commands to activate the 
specific lasers. Neither starboard Arm command is shared by the port assembly, and 



the two commands are generated by separate sources to further preclude a failure- 
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The laser sources are based on a PZP system. Five flashlamps are used to 
excite the Neodynium-Glass laser rod, which generates.a 2 Joule pulse at 1060 nm. 
As shown in Figure 3, this energy passes through a focusing lens to reduce the beam 
size for the fiber optic cable. In the Safe mode, a shutter interrupts the optical path, 
using a dichroic-coated window to block the laser energy. When Armed, the window is 
mechanically removed from the beam path, permitting the laser energy to pass into the 
fiber optics. A short length of 1000 pm fiber is used as an environmental seal for the 
control assemblies. When the fiber optic cable is connected, the laser energy is 
transmitted through the cable to the pyrotechnic device. 
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The laser modules are grouped in pairs, and share a rotary solenoid for the 
Safe/Arm function. In the Safe mode, the rotary solenoid shorts the flashlamps to 
ground, and positions the shutter to interrupt the optical path. 
flashlamps are connected to the fire circuit, and the shutter is 
path. Figure 4 shows a pair of laser modules with the common Safe/Arm device. 

metalized film wrapped around the flashlamps to determine flashlamp integrity. 
the flashlamps are fired, the metalized film melts, changing a low-impedance p 
high impedance. Sensing the impedance flags expended laser modules. The second 
test checks the fire circuitry. When the fire circuit is activated, the Optical BIT function is 
inhibited. A failed Optical BIT during a fire command, hen preceded and succeeded 
by a passing Optical BIT, verifies the performance of the fire circuits. 

The third BIT function is Optical BIT. The integrity of the optical path, from laser 
rod to pyrotechnic is verified by this function. The Optical BIT concept is shown in 
Figure 3. An LED is positioned behind the lsser rod. The 880 nanometer radiation 
propagates through the laser rod and focusing lens. The position of the shutter does 
not seriously impact the function, since the dichroic passes greater than 90% of the BIT 
energy, and is out of the path when armed. The BIT energy passes out of the control 
assemblies, through the fiber optic cables, to the pyrotechnics. The dichroic element 

en armed, the 
oved from the optical 

There are three Built-in Test (BIT) functions in the LIS. The first uses a 



in the pyrotechnic is reflective to the 880 nm energy. A single fiber, dedicated to 
Optical BIT, originating at the pyrotechnic termination, collects the reflected BIT energy 
and transmits it back to a detector in the control assembly. The detectors are 

to assess the status of the optical path. 

The LIS uses six initiator and and detonator designs for the Integral Rocket 
Ramjet concept. The basic, or “standard” initiator, is shown in Figure 5. The fiber optic 
termination uses a conventional SMA connector. The pin seats on the outer rim of the 
receptacle, and is polished to a tightly controlled length to maintain a minimal air gap 
between the pin and the window. The glass window is tapered to provide a seating 
surface, and has a dichroic coating on the inner surface (adjacent to the propellant). 
This dichroic coating passes the laser energy, but reflects the Optical BIT energy back 
into the fiber optic for detection. The propellant consists of a Zirconium Potassium 
Perchlorate (ZPP) donor charge, and BKN03 as the primary propellant. A spacer 
occupies the extra volume, holding the propellant in position. 
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There are three variations of this initiator. Two differ only in the amount of 
propellant, since two different output pressures were needed. The third does not use 
the SMA optical interface. This third device is the Fin Unlock Initiator, which is 
installed in the removable fins. The fiber optic is terminated in the fin control actuator, 
and is spring-loaded to maintain contact with the initiator when a fin is installed. The 
Fin Unlock Initiator looks like the standard initiator with the SMA connection removed, 
as shown in Figure 6 .  To accept the blind mate of the fiber optic pin to the initiator, the 
receptacle is chamfered. 

WINDOW 

RECEP 

PROPELLANT SPACER 



The detonator design is al initiator. The optical 
interface is the same, however th 
to accept the laser energy. lnste 

the detonator ignites a dono 
explosive charge. The deton 

charge cavity is utiliz 
The remaining 

booster. The booster igniter must operate radially in the b 
axial output like the standard initiator. The approach use 
pellets embedded in the booster port. The initiator is placed in the bag of pellets, 
which is then installed in the booster port and foamed in place. Since this device is 
installed as part of the booster manufacturing and is not directly accessible, a fiber 
optic lead is required as part of the delivered booster. Figure 7 shows the 
configuration of the booster initiator. 

mall amount of ZPP is used 
propellant of the initiator, the 
h in turn ignites the primary 

he spacer, since the entire 

o initiators are unique devices. The first is use 

OPTICAL FIBER WINDOW 

BULKHEAD CONNECTOR PROPELLANT 

~ ~ U R E  7. Booster I itiator C o ~ ~ ~ g ~ r a t ~ Q f l  

The bulkhead connector interface is the standard SMA contact. The bundle of 
optical fibers lead from the bulkhead connector to the initiator, and are terminated at 
the glass window. Like the other devices, the window has a dichroic on the second 
surface to reflect the Optical BIT energy, and pass the laser energy. The propellant 
consists of a small donor charge of ZPP, with a primary charge of BKN03. The body of 
the initiator is nylon which is sealed with epoxy, permitting the propellant to rupture it 
easily to activate the booster igniter. 

The final initiator type is built into the thermal batteries. The configuration is 
illustrated in Figure 8. The receptacle is a standard SMA connection, and the glass 
window is the same as that used for the standard initiator, including the dichroic 
coating. The donor charge is again ZPP. The ZPP ignites the fuze, which extends 
through the core of the battery. The fuze then activates the cells in the battery stack. 

Note that the dichroic window on each of the devices is on the inside of the 
device. This was done for two reasons. First, it provides a gap between the polished 
pin and the reflective surface, which is needed to scatter the Optical BIT energy from 
the transmit fibers to the single return fiber. Second, it is burned off when the device is 
activated, which will cause Optical BIT to fail, flagging an expended device. 
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The fiber optics are used to transmit the Optical BIT and laser energy to the 
pyrotechnic devices, and return the reflected Optical BIT energy to the detectors. Each 
fiber optic has multiple transmit fibers and a single return fiber routed to each 
pyrotechnic device. The most complicated is the Fin Unlock, which is shown in Figure 
9. 

fibers. The number nineteen is significant because it produces a stable pattern, with 
one in the center, an inner ring of six, and an outer ring of twelve fibers. These 
nineteen fibers are divided between the four fin unlocks. The primary consideration is 
the power density of the laser beam, which is highest in the center, and falls off rapidly 
at the outside of the beam. The four groups of fibers are selected such that each fin 
unlock will receive approximately the same laser power. 

The Fin Unlock fiber optic cable starts at the Control Assembly with nineteen 

I 4 5  
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The four groups of fibe 
routed to the four fin unlocks. 
fibers, the other has only four. 
now seven: the center fiber and the ring of six surro 
always the Optical BIT return fiber, so that it can coll 
adjacent fibers. Since none of the four fin unlock te 
assigned, fi l l  fibers are inserted to complete the sta 
in the cable just outsi e of the pin, and serve no pur 

The individual Optical BIT return fibers are ro 
where all the BIT detectors are located. The port c 
of seven pins (one pin is unused) for the BIT return 
assigned position, then all are 

The five remaining fiber 
considerations. The cables w 
the transmit fibers instead of the 200 micron, since 
the same energy, and the energy division problem 
fiber is used, the stable patterns used are seven a 

e separated into i n ~ i v i ~ u a l  cable 
that three of the fin unlocks have five transmit 
e fin unlock terminations, the stabie pattern size is 

IT energy from all 
all seven fibers 

These fibers are cut off 

are designed using the same 
wo or less devices use 400 micron fiber for 

on fibers can carry 
en the 400 micron 

fiber bundles. 

The LIS has been subjected to ion and shock testing using the 
AAAM environments. The dynamic environments are reasonably severe. Operation 
has been demonstrated during and after 19 Grms vibration, and after 42 G shock. The 
temperature environments are not as severe; operation has been demonstrated during 
and after +16O"F and -65°F soaks. 

The LIS has also been used to develop other systems for the Integral Rocket 
Ramjet. The thermal batteries, fin unlocks, booster and ramjet sustainer functions 
have all been demonstrated. This testing has shown the fiber optics to be unreliable 
after repeated use. hen firing the laser through the fiber optic bundles, some of the 
laser energy is abso ed by the epoxy between the fibers. This localized heating 
causes the epoxy to boil, which results in contamination bein 
polished fiber optic surface. Attempt to re-use the fiber optic, 
polishing to clean the surface, results in attenuation which c evere enough that 
the energy reaching the pyrotechnic is belo the all-fire level. This condition is 
detectable by Optical BIT, however BIT ot used for the develop'ment tests. Also 
note that this condition does not impact a deployed system, here the fiber optics are 
only used once. 

A laser ignition system has been developed and demonstrated for the Integral 
Rocket Ramjet concept applicable to Air-to-Air missiles. The design has been used to 
support development and testing of other subsystems. Several of the LIS have been 
installed in air vehicles. 
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objective of this style of igniter is to provide a specific energy flux or pulse without 
controlling the tion of the energy output. 

Figure 1 depicts the original design for the bag igniter. The design is as follows: 

velos tat bag which encases 

o ~ p o n ~ n ~  of#l are encas 
pellets. 

a second velostat bag which contains 2) 

3) The components of #2 are encased in a third velostat bag which contains 
propellent, 

gnition sequence begins with the Safe 
shock cord mnsfers pyrotechnic 

ignites the granules, which ignites the 
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is designed to operate in a remote mode only. The user has 
commands from a remote location. A local and remote voltage control of the 

feedback is provided to monitor the capacitor network internal to the unit. The front panel 
power indicator will function in remote mode and is also useful for voltage monitoring 
purposes. 

The PLDFU front panel contains a key switch interlock, interlocking remote 
indicator to identify PLDFU power. The front panel is described 
gure 7 for reference. 

e enable key switch is used to control external primary 
are available: OFF and ON. In the OFF position 

connected from internal circuitry. In the ON position 
The ON position is the normal position when the 

to turning the system ON, the user must turn the key 
position. The correct method of powering down 
the ON position to the OFF position. The key can 

power lamp will illuminate when external power has been 
rovided and the interlock key switch is in the on position. 

s dud laser diode outputs, a power 
conn~tor, volt 
reference. 

connector. Refer to figure 7 for 

must be provided to this input. The required 
is connector is voltage feedback used for is 

te 
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aser diode output 2 provides the laser 
output used for event initiation. The Energy Transfer System (ETS) connects to this 
output. 

Energy Transfer Syste 

The ETS is an optical harness that transfers laser power from the P L D ~  to the igniter 
squib. The components of the ETS are: 

1) Reinforced fiber optic lines 

2) PLDFU and squib harness optic connectors 

The ETS interfaces to the PLDFU with a 
assembled directly to the reinforced fiber optic lines as a subassembly. 

-C-38999 Series N connector. The squib is 

The fiber optic connector is a 
contacts. The contact used to 

-C-38999 Series 
nate the fiber op 

optic contact, Iike its electrical cou 
fiber optic core is assembled into the connector using a crimp, epoxy 

and polish process that holds 

8 is a schematic of a fiber optic connector. 

losses to less than 1 interface. 
electrical c contact can be placed in any nsert that accepts 16 

f 
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The LIS assembly is shown in Figure 10. The initiator body is 0.25 inches in diameter 
and 1.25 inches long. The body material is polycarbonate. Two 0.35 inch diameter 
bushings and bonded to the body to center it within the tube in the igniter assembly. The 
body is configured with four equally spaced holes to provide radial pyrotechnic output. A 
polycarbonate plug is threaded into the end of the body to prevent axial pyrotechnic output. 
The body contains a cavity for two pyrotechnic charges- 25 milligrams of borodred lead as 
the first fire mix and 45 milligrams of Zirconium/potassium perchlorate as the output mix. 
The first fire mix is pressed directly against the face of the 400 micron diameter optical fiber 
which is secured within a polycarbonate fiber ferrule threaded and epoxied into the initiator 
body. The output mix is pressed directly on top of the first fire charge. The optical fiber 
pigtail is 25 feet long and is terminated on the input end by a SMA-type optical fiber 
connector. 

The initiator was designed to interface with the Aerojet P/N 3802019 IgGter Assembly - 48 
Inch Motor. All major components of the initiator are machined from polycarbonate to 
ensure their consumption during the motor firing. The initiator was designed to be 
 function^ b 
472 and 145 

fire. 

Firing Unit and has .999/95% all-fire and no-fire powers of 
ctively. Adequate system margin is assured as the anticipated 

eived from the Laser Diode Firing Unit will be approximately 2.5 times the all- 







line devices utilized 200 micron diameter optical fiber, development 
cted with this new device to determine its all-fhe and no-fire power 
ere was sufficient power margin in the system for reliable 

Two series of six firings each were conducted with generic design plastic housings to 
obtain baseline data on the all-fire power of boron/red lead when mated to a 400 micron 

sults of this limited testing indicated that the 50% power (1/2 fue, 1/2 no-fire) 
was in the area of 400 milliwatts. As improvement on this number was expected when the 
actual hardware was utilized and more data was generated in a formal test, work proceeded 
on the basic design. 

lot of fifteen initiators was manufactured to preliminary processing 
on. The purpose of this lot was twofold. It served to provide units for formal 

development testing and also checked out the preliminary manufacturing and inspection 
procedures. Ten assemblies were expended in a formal Langlie analysis for all-fire and no- 
fire powder level determination. The raw test data is shown in figure 11. With a normal 

med, the calculated all-fire power at .999 reliability and 95% confidence 
tts. The calculated no-fire power at identical reliability and confidence 

levels was 145 milliwatts. Radial output was achieved in all instances and no fragmenting 
of the initiator occurrd. The function time curve of Figure 12 is based upon limited timing 
data that was obtained during the Langlie test. At the anticipate system power input, a 
function time of under 4 milliseconds should be achieved. 

One assembly from this lot was rejected on x-ray and was functioned in a test to 
demonstrate the radial output. In this firing, the initiator was centered within a 1 inch 
diameter cardbard tube. When fixed with a laser diode, the initiator's radial output left 
four equally spaced signatures on the inside diameter of the tube. 

One assembly from this lot was fired to determine if its output was sufficient to rupture the 
cellulose acetate buterate tube in the P/N 3802019 igniter. When this requirement became 

design was modified to incorporate the two bushings on the outside of 
ter it within the tube and to direct and confine the radial output against 

the tube wall. When functioned in this test, the initiator output was sufficient to rupture the 
wall of the tube. 
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The following preliminary failure modes were established at the time of the functional 
failure: 

1) 
2) 

3)  

Insufficient or no output form the firng unit 
Frozen condensation at the optical fiber interface resulting in high loss and 
insufficient power to the initiator 
Initiator defect (broken fiber, foreign material at fiber/pyrotechic interface) 

The firing unit was checked out immediately following the failure and prior to resuming 
testing. The output was found to be at the required level. Subsequent examination 
revealed no defects in the firing unit, Le., loose wires, etc. The fuing unit was eliminated 
as the cause of the failure. 

In the first test, the optical fiber connection between the initiator and trunkline was made 
outdoors. In addition, the connector ends were cleaned with methanol outdoors 
immediately before the connection was made. It was thought that water in the methanol 
might have frozen in the cold temperam and subsequently attenuated the power at the 
connector interface. Examination of the methanol used showed that less than 0.05% water 
was present. This was eliminated as a failure cause. 

As further test of the above two failure modes, the failed initiator was set up for firing 
under controlled laboratory conditions. It again failed to fire. 

The failed initiator was re-x-rayed to determine if any internal defects were present. None 
were found. It was then subjected to a teardown analysis. The body was cut at the radial 
output holes to e x p e  the inner seal over the powder charge. The rear bushing was then 
removed. Both charges could be seen gh the clear body and had been loaded in the 
correct locations. The output end of the body was soaked in acetone to soften 
epoxy seal. The seal was then removed,, exposing the output charge. Both c 
then removed via an ultrasonically-activated water soak; all nesidual material 
When all pyrotechnic was removed, the optical fiber was checked for loss. 
0.45 Db, it was found to be at 0.59 dB which showed it to be intact. This 
is reasonable as no attempt at special dean 
be noted that the acceptance criteria was 0 
eliminated as a cause of the failure. The E . This object, 388 microns in diameter 
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s of 
and in fact were adhering to the fiber 
to the machining operation and had not 

sence of a polycarbonate 
wer from re&~in.g the first 

fire charge. The following corrective actions were instituted for the manufacture of the 
deliverable units; 

1) 

2) 

3) 

All plastic parts were cleaned with compressed air to remove residual 
plastic shavings. 
A QC visual inspection point was added to the manufacturing lot traveler 
to check for contamination at the fiber face just prior to loading. 
A second fiber loss check was included at the subassembly level after 
the housing and fiber ferrule were mated 

est or 

Qd~ction facility. 

e laser initiators were next integrated into the 48-inch motor test program. First it was 
onstrated that the system worked by firing 1 squib by itself at the igniter production 

facility. The Bag Igniter was redesigned to accommodate the laser initiator as depicted in 
s demonstrated in an R&D firing. With the 
bag igniter, full confidence in the system 

had been achieved and lot production of the igniter assemblies was reinstated. Two lots of 
Igniter assemblies with laser initiators were built and successfully completed Lot 
Acceptance Testing 

Laser InitiatQr irst Firing at Test Facility (MSFC). 

Laser initiation of 
demonstration of 

including 4 igniter firings. 

tailed sequencing p testing ch~kout  and live operation at the test facility 
were prepared and rewe n the procedures were approved the PLDFU and ETS 
was installed at the test f a c i ~ ~ .  The laser energy sensor meter was attached to the ETS. 
Full motor firing sequencing was demonstra~ and verification of the laser system 
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his video presentation provided a description of a thirty-two (32) 
nit being developed for the Phillips Laboratory 
he unit is capable of i 

events and twenty si ultaneous events. full built-~n test 
capability is included that measures the energy produced by the 
laser and verifies the transmissivity of each of the thirty-two fiber 
optic lines. 

iating twelve single 
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. Stoltz and 

c ignition systems is becoming a major concern 
enty years the stray electromagnetic fields have stea 

increased during peacetime training missions and have dramatically increased 
for battlefield missions. Almost all of the ordnance systems in use today 
depend on an electrical bridgewire for ignition. Unfortunately the bridgewire 
is the cause of the majority of failure modes. The common failure modes 
include: broken bridgewires , transient RF power inducing bridgewire heating, 
and cold temperatures contracting the explosive mix away from the bridg 
Finding solutions for these failure modes is driving the costs of pyrote 
systems up. For example, analyses are performed to verify the system in the 
environment will not see more energy than 20dB below the "No-Fire" level. 

are performed to determine the operational, storag 
F environments. Cryogenic tests are performed to v 

bridgewire to mix interface. 
installation", "continuity checks after installation" and rotating safety devices 
to "interrupt the explosive train". As an alternative 
new approach b upon our enabling laser diode te 

icrolaser initi ordnance offers a unique solution to 
concerns. 

System requirements call for I' 

For this presentation, we will address, from a system safety viewpoint, the 
safety design and the test requirements for a Microlaser ordnance 

DOD-83578A, and what additional requirements are needed. 
also review how this system could be compliant to MIL-S 
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Y 
Jerry Callaghan and Scot Tindol 

Hi-Shear Technology, Corp. (HSTC) has designed and built a Laser equivalent N ~ S ~  Standard 
Initiator (LNSI). Langlie tests with a laser diode output initiating ave been conducted as 
a part of this effort. The test parameters include time to first p , laser power density 
requirements and ignition time. The data from these laser tests o 

INTRODUCTION 

This paper describes a part of an effort conducted by HSTC to design and build a Laser 
equivalent NASA Standard Initiator (L SI). There is a need to establish a data base on the 
interaction between laser energy and pyrotechnic mixtures commonly used in aerospace 
applications. One of the standard pyrotechnic mixtures being initiated via a laser system is ZPP. 
The ZPP used in this study has been manufactured by HSTC STC P/N 939321-003) since 
1964 for use in the NSI. 

There have been many efforts and studies using solid-state laser systems (Nd:glass, Nd:YAG, 
RUBY and others) as initiation sources. A steady increase in technology relating to high power 
laser diodes has resulted in the production of laser diodes with sufficient output power for 
initiation of explosive materials. One drawback in the technology of laser initiation is the lack 
of published data regarding experimental procedures and test results. ublication of this type 
of information in proper format would greatly help designers of new and existing systems in the 
selection and incorporation of lasers as an initiation source. 

Laser initiation systems offer many desirable features not found in current ordnance systems. 
These features include the virtual elimination of inadvertent initiation by stray voltages, 
electromagnetic radiation (EMR) and electrostatic discharge (ESD). The inherent safety of a 
laser initiation system allows for the installation of the ordnance during the assembly of ordnance 
functioned devices resulting in less time required during installation or integration of the final 
assembly. 

This paper will describe the experimental procedure used to obtain specific statistical data on 
laser diode initiation of ZPP. This testing was performed under laboratory conditions at 
and was funded under IR&D program number 97001 1. 

lic release: distributioa is 
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The laser diode used for these tests was manu e, Inc. This diode operates 
at 820nm nominal and has an output of 75 erical Aperture (MA), 100 
micron core fiber optic. This fiber optic cable is a hermetic integral pigtail installed by the 
manufacturer. The fiber optic cable was terminated at HSTC with an ST-type connector. The 
laser diode output was controlled by a Spectra Diode Lab Model 822 laser diode driver. The 
test setup is shown in Figure 1. 

As the primary objective of this testing is to provide specific data on the initiation of ZPP with 
a laser diode, the spot size must be a constant. This was accomplished by pressing the ZPP 
directly on the fiber optic which holds the spot size constant at 100 microns. This test method 
also allows for the energy output to be measured directly at the pyrotechnic interface. To 
preserve the laser diode pigtail from damage when the ZPP initiated and allow for easy loading 
of the test initiators, an interface fiber optic cable assembly was used. This interface cable was 
terminated on one end with an ST-type connector for mating with the laser diode and an SMA 
connector for attaching the test cartridge on the other. The test initiator is shown in Figure 2. 

The ST-type connector is a precision fiber optic connector which minimizes the interconnect 
losses. Both the test initiator and the energy meter accept the SMA connector. An O-ring is 
included in the SMA to provide a pressure seal when the test initiator is functioned. The 
interface cables were labeled and calibrated before the Langlie was begun to insure the 
repeatability of the interconnect loss through several mate/de-mate cycles. The actual loss due 
to this interconnect was not a concern for this series of tests. The calibration of the interface 
cables was to insure the losses were repeatable (within measurement error) over multiple 
mate/de-mates with the laser diode pigtail. 

As stated above, the ZPP was consolidated directly onto the fiber optic face. A nominal 120 
milligrams of pyrotechnic was loaded into the cartridge in two equal increments. After several 
pre-test firings it was found the cartridge function characteristics were not affected by the 
deletion of a closure. The omission of the closure during loading allowed for quicker testing. 

The energy levels were monitored by a Photodyne Model 66XLA optical powedenergy meter 
with a Model 350 integrating detector head. This detector head has adapters to allow any style 
of fiber optic connector to be accurately placed into the head, including a bare, unterminated 
fiber optic. The values calculated during the Langlie testing were measured at the SMA 
connector before installation into the test initiator. The various output values were obtained by 
varying the current supplied to the laser diode. The test initiator: was then attached to the SMA 
connector and the ZPP loaded. 
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The test initiator was instal 
monitor pressure and functi 

total of 30 trials were used in the te 
ioned. This even split between fire 
pical pressure verses time curve is 

shown in Figure 4. The output monitor from the laser diode driver was used to trigger the 
O’scope and is used to find the function time. 

TEST RESULTS 

The Langlie statistical approach has an advantage over other test methods used in determining 
the function characteristics of ordnance devices. The Langlie method finds both the mean and 
standard deviation efficiently without requiring a detailed test procedure as does a Bruceton. An 
upper and lower limit of the mean firing point are chosen and the Langlie testing begins halfway 
between these two points. As the test continues the next level selected is calculated on the 
response of the previous firings - fire or no-fire. The statistical results from the Langlie test are 
shown in Table 1. 

For information purposes the test initiators that did not function at the Langlie stimulus were 
fired at the calculated 99.9% at 95% confidence point. All 16 test initiators functioned. 

The function time of an NSI when fired with 3.5 Amps constant current is 1.0 mSecond 
minimum and 6.0 mSeconds maximum. The maximum jitter in a test series is 3.5 mSeconds. 
The 1.0 mSecond minimum time is based on a NASA study which followed the function times 
of NSI lots over several years. No NSI’s were found to function less than 1.0 mSecond when 
fired with 3.5 Amps. The LNSI function times ranged from 0.39 mSeconds to 2.5 mSeconds. 
This discrepancy in the minimum function time is not a true comparison to the NSI as the LNSI 
does not have a bridgewire. 

CONCLUSIONS 

The use of laser diodes as the ignition source of ZPP is a viable approach. Conventional testing 
of these devices produces repeatable results. The current laser diode technology can supply 
twice the all-fire energy into a 100 micron core fiber optic cable. 

Additional studies planned by WSTC include the environmental dependance (temperature, shock 
and vibration) on the all-fire energy level. Other analysis includes a Taguchi test on the 
assembly process/procedures involved in the manufacture of the LNSI. Testing is planned on 
other pyrotechnic materials as well as secondary explosive materials. 
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ENERGY DENSITY 

NO-FIRE POI 
0.1% 
0.1% 
0.1% 

99.9% 
99.9% 
99.9% 

TABLE 1 
LANGLIE TEST RESULTS 

1.24 mJoules 
0.12doules 

CONFIDENCE 
90 % 
95 % 
99 % 

90% 
95 % 
99 % 

E 
0.27 doules 
0.23 mJoules 
0.18 mJoules 

ENERGY 
5.65 mJoules 
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8.65 mJoules 
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SPECTRA DIODE LA 

DEVICE TYPE : SOLS9 14 1-67. SERIAL NUMBER: RL499 
DATE: 1 APRIL 92 TIME: 13:56 

PARAMETER PULSED UNITS 
THRESHOLD * 3 4  A 
OIFF. Q .  E .  51 x 
SLOPE EFF. .78 W / A  
U AT 1 A  1.9 VOLTS 
RESISTANCE .216 OHMS 
I AT 1.0 W 1 . 6 3  A 
V AT 1.0 W 1.99 V 
PULSE: WIDTH = 10000 usee, RATE = 10 Hz , TEST TEMP = 25 C 
MONITOR GAIN: .6 m A / W  

DRIUE CURRENT, F1 

+++++*+**+ SHIPMENT CHE L I S T  
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SERIAL NUMBERS 
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Aerospace Company (EBAC) has over ten years of experience in the design and 

development of laser ordnance systems. Recent efforts have focused on the development of laser 

diode ordnance systems for space applications. Because the laser initiate detonators contain 

only insensitive secondary explosives, a high degree of system safety is achieved. Typical 

performance characteristics of a laser diode initiated detonator are described in this paper, 

including all-fire level, no-fire level, function time, and output. finite difference model used at 

EBAC to predict detonator performance, is described and calculated results are compared to 

experimental data. Finally, the use of statistically designed experiments to evalute perlormance 

of laser initiated detonators is discussed. 

VJork on all-secondary explosive laser initiated detonators began at Ensign Bickford Aerospace 

Company (EBAC) in the early 1980’s. Although initial efforts ere based on soli 

laser initiation, the more recent emphasis has been in the area of laser diode initiated detonators. 

The feasibility of laser diode initiation is due largely to dramatic improvements in diode output 

power and, to a lesser extent, improvements in powder blending technology for laser grade 

explosives. 

Because they have relatively low autoignition temperatures, secondary explosives such as RDX 

and HMX are excellent candidates for laser diode initiation. Since the optical absorption of these 

materials at typical laser diode wavelengths is relatively poor (Ref. 1) additives such as graphite, 

carbon black, and boron are used to enhance powder absorptivity and, therefore, lower detonator 



initiation ap~lications~ The temperature cyclin 

uctor bridge (SCB) initiation. 
are not unique to laser initiation, 

such as hot bri 

t have also been reported ith other forms of thermal ignition, 

Initial detonator designs at EBAC were based on the concept of flying plate initiation (Ref. 2). In 

this approach, a confined donor explosive charge is ignited by the laser pulse and burns until 

sufficient pressure has been built up to rupture a confinement disc. The ruptured disc, or flying 

plate, is then propelled down a barrel by the high pressure gases produced by the donor charge 

at a velocity in excess of 1 kmhec. The velocity of the flying plate is sufficient to shock initiate 

a secondary explosive acceptor charge at the end of the barrel. 

More recent efforts relative to laser initiated detonators have been based on the principle of 

deflagration-to-detonation transition (DDT). As with the flying plate detonator, a confined 

secondary explosive donor charge is ignited by the laser pulse, causing it to deflagrate and 

rupture the confining disc. In this type of device, however, the "barrel" contains a relatively long 

column of secondary explosive termed the "transition charge". As the high pressure gases and 

the ruptured disc drive into the transition charge, the reaction transitions into a high order 

detonation. 

Confinement is an extremely important parameter in all-secondary explosive laser initiated 

detonators. As a general rule of thumb, the more insensitive the explosive, the higher the degree 

of confinement needed for reliable function. 

Important design requirements for laser diode initiated detonators include all-fire and no-fire 

levels, output, function time, and environmental ruggedness. Typical environmental requirements 

include hot and cold temperature function, as well as temperature cycling, thermal shock, 

vibration, and pyrotechnic shock. For DDT detonators, run-to-detonation distance is also an 

important parameter, since it directly related to detonator size and weight, as well as margin. 



predict i~nition-relat 

parameters, such as article size, and column diameter. 

Important performance characteristics of laser diode ignited detonators include all-fire level, no-fire 

level, function time, and output. All-fire and no-fire levels are determined by performing sensitivity 

tests, such as Bruceton, Langlie, or Neyer (Ref. 3) and are conducted at a fixed laser diode pulse 

width. The data reported in this paper are based on a pulse width of 20 ms. Detonator all-fire and 

no-fire tests are normally conducted at "worst case" temperature levels, which are typically -54°C 

and 74"C, respectively. 

Twenty (20) each all-secondary explosive laser diode initiated detonators were used to determine 

all-fire and no-fire levels. As was noted above, the laser diode pulse width was 20 ms. The 

detonators were coupled to the laser diodes via a 200 pm diameter optical fiber. The .999/95% 

all-fire level was found to be 478 mW at -54°C. The .001/95% no-fire level, at 74OC, was 116 mW. 

It should be noted that these tests were performed with a single SMA type fiber optic connector 

between the laser diode and detonator. The all-fire and no-fire level, therefore, are actually for the 

detonator plus one connector. 

For electro-explosive devices (EED's) no-fire testing is normally conducted using a 5 minute 

duration constant current pulse as a worse case scenario rather than the actual firing pulse, which 

may be only tens of milliseconds in duration. This requirement stems from concerns relative to 

potential sources of RF energy in proximity to EED's, where the firing circuit can act as an 

antennae and induce an electrical current in the bridgewire. In general, a 5 minute no-fire 

requirement may not be applicable to laser initiated detonators, however, it certainly represents 

a conservative approach to no-fire testing. 

2 4 9  



one connector 

that there is only a 15% decrease in the no-fire level 

minutes. This is utable to the small spot size achieved by coupling the fiber directly to the 

hich minimi~es the effective thermal mass. 

As with all thermally ignited devices, function time of a laser diode initiated detonator varies 

inversely with the applied power. Twenty additional detonators were fabricated to assess the 

effect of laser diode power on detonator function time. Two detonators each were fired at levels 

to 1.2 watts, in increments of 100 m . The tests were conducted at ambient 

temperature using a 20 ms laser diode pulse and a 200 pm diameter optical fiber. A graph of 

function time versus diode power is shown in Figure 1. The line drawn through the data points 

in Figure 1 is a least squares fit of the form y=a+b/x2. As before, note that the data is based on 

A connector be een the laser diode and detonator. 

The final performance characteristic of laser diode initited detonators to be discussed is output. 

etonators include a one grain HNS-IA out ut charge housed in a -005 inch 

thick stainless steel cup and pressed at 32,000 psi. In tests at ambient temperature with steel 

witness blocks, the average dent produced by the laser initiated detohators was -012 inches. 

Because of their axial symmetry, typical laser diode initiated detonators are excellent candidates 

for finite difference modeling techniques. In reference 4, the author presented a laser diode 

ignition model based on a one-dimensional finite difference solution of the governing time- 

dependent heat conduction equation. An improved two-dimensional model has since been 

developed and used to predict the performance of EBAC laser diode initiated detonators. The 

general heat conduction equation is shown in equation (1) below. Note that a cylindrical 

coordinate system has been chosen and that a heat generation term has been included. 

2 



here: 

t = time 

z = axial coordinate 

r = radial coordinate 

4 = angular coordinate 
q = heat generation rate 

k = thermal conductivity 

a = thermal diffusivity 

For an axially symmetric system, as is the case with typical laser diode initiated detonators, 

equation (1) reduces to: 

Optical absorption of the incident laser radiation by the donor charge is handled by.the heat 

generation term, which may be written as follows: 

where: a = absorptivity of first fire mix 

p = incident power density 

As first order approximations, it may be assumed that thermal conductivity and heat capacity are 

constant and do not vary with temperature. Also, as a first order approximation, the model does 

not include a self-heating term for decomposition of the explosive material, but instead assumes 

a constant autoignition temperature. 



nven tional finite ifference techni ues. Due to the I 

y model a laser initiate detonator, a com 

to model the laser diode ignition characteristics of a 

Black blend. Figure 2 shows the predicted function time as a function 

of laser diode power assuming a 100 pm diameter spot size. Calculated results are shown for the 

two-dimensional model described by equation (2) and also for a one-dimensional (axial only) 

model. Also noted in Figure 2 for reference, are a pair of experimental data points for fine particle 

HMWcarbon black (Ref. 1). 

I I 
F i g u r e  2 

Comparison o f  1 - D  and  2-D F i n i t e  D i f f e r e n c e  C a l c u l a t i o n s  

Note that the two-dimensional model predictions are in excellent agreement with the experimental 

data points. In addition, note that the function times predicted by the one-dimensional and two- 

dimensional models converge as the diode power increases. At relatively high power levels, the 

one-dimensional results are also in reasonably good agreement with the experimental data, 

however, at lower power levels the one-dimensional model underestimates the diode power 

required for ignition because radial heat losses are not accounted for. 
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s limitation of the one-dimension is its i n a ~ i l i t ~  to accu~ately 

Cfeds. The laser 

assumes that initiation is a function 

the diameter raised to the 1.6 power. The effect of varying the laser diode pulse duration has also 

been studied using the finite difference model. Figure 3 shows the predicted ignition threshold as 
a function of spot size for laser diode pulse widths of 10 and 20 ms. 
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Due to the larger thermal mass associated with a larger spot size, the penalty of a higher ignition 

threshold is reduced by using a longer pulse duration. 

Finally, the finite difference model has been used to predict the effect of temperature on ignition 

threshold. Figure 4 shows the predicted ignition threshold as a function of spot size for 

temperatures of -54"C, 22"C, and 74°C. A 20 ms laser diode pulse was used as the basis for 

these calculations. 
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Figure 4 
Effect  of Temperature on Ignition Threshold 

The finite difference mo eling discussed above addressed only the ignition characteristics of laser 

detonators. Design parameters affecting the ignition characteristics can be 

optimized with the aid of the heat transfer model, however, testing is obviously required in order 

to verify the model 

In addition, the 

detonators also 

sign of laser diode initiated deflagration-to-detonation transition (DDT) 

ation of those parameters affecting the transition from burning to 

high order detonatio 

experimental design techniques have been used to investigate the effects 

of parameters such as transition charge diameter, loading density, specific surface area, and 

confinement disc thickness on the run distance to detonation and function time of laser initiated 

detonators. Although the tests were conducted using a pulsed Nd:YAG laser source, the run 

distance to detonation data is applicable to laser diode initiated detonators, as well. Although 



ecific ~aramete~ values test results to be com 

f the results is 

experiment, a tot 

ch of the four ~arame~ers 

levels. From the results, an o 

configurat~on was established via statistical analysis. In addition, a trend analyse 

to evaluate the effect of each parameter on the run distance to detonation. Figure 5 shows the 

combined effect of charge density and specific surface area on run distance to detonation. 
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ABSTRACT 

Testing and analysis of shock wave characteristics such as 
detonators and ground shock propagation frequently require a 
method of measuring velocity and displacement of the surface of 
interest. One method of measurement is doppler interferometry. 
The VISAR (Velocity Interferometer System for Any Reflector) uses 
doppler interferometry and has gained wide acceptance as the 
preferred tool for shock measurement. An important asset of 
VISAR is that it measures velocity and displacement 
nonintrusively. 

The conventional VISAR is not well suited for portability because 
of its sensitive components, large power and cooling 
requirements, and hazardous laser beam. A new VISAR using the 
latest technology in solid state lasers and detectors has.been 
developed and tested. To further enhance this system's 
versatility, the unit is fiber optic coupled which allows remote 
testing, allowing the VISAR to be over a kiloineter away from the 
target being measured. Since the laser light is contained in the 
fiber optic, operation of the system around personnel is far less 
hazardous. 
developed for use with a personal computer. These new advances 
have produced a very versatile system with full portability which 
can be totally powered by batteries or a small generator. 

A software package for data reduction has been 

This paper describes the solid state VISAR and its peripheral 
components, fiber optic coupling methods and the fiber optic 
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the interferometer cavity. 

The detectors used to convert optical power to electrical power 
are solid state Schottky silicon photodetectors. Silicon based 
detectors are preferred because their sensitivity is peaked for 
the wavelength of the laser. Various alignments and beam 
manipulation is difficult with an invisible beam. A simple 
solution is using a fiber optic splitter in reverse. A visible 
diode laser (680 nm wavelength) is injected into the fiber optic 
and routed through the optics at the target area. 
visible laser is routed through the same fiber optic as the VISAR 
laser and the wavelength is not appreciably different and the 
insertion loss is only . 5  decibels (db) per laser. This system 
enables the user to do the alignment without the use of infra-red 
imaging devices. 

Since the 

DIODE PUMPED Nd:YLF LASER BASED VISAR 

Although diode laser light has a fairly low loss in fiber optics, 
there are situations where minimal attenuation 'and maximum 
bandwidth are critical. Dispersion is a major concern in 
maximizing bandwidth. There is a point where dispersion 
approaches zero at a particular wavelength when light is 
propagating in a typical silica fiber optic (figure 7). A diode 
pumped Nd:YLF laser with an output wavelength of 1319 nanometers 

of 160 milliwatt is used in conjunction with 
ectors. This VIS is capable of operation with 
fiber optics. 

DESIGN CONSIDERATIONS 

Although these two types of lasers are quite different in their 
lasing mechanisms, they share many of the same traits that must 
be considered when designing a solid state VISAR. 
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e target. ~onversly~ 
into the return fiber 

laser has low attenuation and dispersion in fiber optics compared 
to the argon-ion laser, The Nd:YLF laser operating at 1319 nm 
wavelength has much lower attenuation than the diode laser and 
has the lowest dispersion of any laser operating outside the 1300 
nm wavelength. This is due to several modes of dispersion 
cancelling out each other. 

DETECTORS 

For most uses, PIN, Schottky and APD are the three most common 
types of high speed solid state photodetectors. APD (avalanche 
photodiode) has an internal gain when biased near its threshold. 
Its disadvantages are that it must have a very well regulated 
high voltage power supply and they also ve fairly long transit 
times for the hole carriers. PIN diodes ave fairly high 
parasitic resistance which reduces the o rating bandwidth. 
Schottky diodes are the preferred choice because'they have 
parasitic resistance allowing a high bandwidth while retain 
larger active area than APD or PIN photodiodes, 
areas are essential for ease of alignment since the light must be 

diameter). 

Large active 

ocused completely into the active area of the detector (some 
igh speed detectors have active areas of only lOOum in 
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During t h e  l a s t  decade t h e r e  has been inc reas ing  i n t e r e s t  i n  t h e  
use o f  l a s e r s  i n  p lace  o f  e l e c t r i c a l  systems t o  i g n i t e  var ious  
pyro techn ic  and exp los i ve  mater i  a1 s The p r i n c i p a l  d r i v i n g  f o r c e  
f o r  t h i s  work has been t h e  requirement f o r  s a f e r  energet ic  
components which would be i n s e n s i t i v e  t o  e l e c t r o s t a t i c  and 
e lect romagnet ic  r a d i a t i o n .  I n  t h e  l a s t  few years t h i s  research has 
accelerated s ince  t h e  bas ic  concepts have been proven v i a b l e .  A t  
the  present  t ime i t  i s  appropr ia te  t o  s h i f t  t he  research emphasis 
i n  l a s e r  i n i t i a t i o n  from t h e  s c i e n t i f i c  arena o r  whether i t  can be 
done t o  t h e  engineer ing realm o r  how i t  can be p u t  i n t o  ac tua l  
p r a c t i c e  i n  t h e  f i e l d .  

Laser i n i t i a t i o n  research and development a t  EG&G Mound has been i n  
th ree  p r i n c i p a l  areas: 1 )  l ase r /ene rge t i c  m a t e r i a l  i n t e r a c t i o n s ,  
2 )  development o f  novel processing techniques f r f a b r i c a t i n g  
hermet ic (he l ium leak  r a t e  o f  l e s s  than I x IO3 cm3/s) l a s e r  
components, and 3)  eva lua t i on  and t e s t i n g  o f  l a s e r - i g n i t e 2  
components. Research i n  these th ree  areas has r e s u l t e d  i n  t h e  
development o f  h i g h  q u a l i t y ,  hermet ic,  l a s e r  i n i t i a t e d  components. 
Examples are  presented whi ch demonstrate t h e  p r a c t i c a l  i t y  o f  
f a b r i c a t i n g  hermet ic ,  l a s e r  i n i t i a t e d  exp los i ve  o r  pyro techn ic  
components t h a t  can be used i n  t he  nex t  genera t ion  o f  i g n i t o r s ,  
ac tua tors ,  and detonators .  
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Present-day ex l o s i v e  and pyro techn ic  devices,  which i nc lude  
detonators ,  i g n i t o r s ,  and actuators ,  a re  func t i oned  by app ly ing  an 
e l e c t r i c a l  s igna l  t o  one o r  several  b r i dgew i res  [ 1 , 2 ] ,  Th is  i s  
accomplished by sending t h e  s igna l  through t h e  metal p i n ( s )  (which 
are  e l e c t r i c a l l y  i s o l a t e d  from each o the r  and t h e  metal s h e l l  by an 
i nsu l  a t i  ng mater i  a1 usual 1 y a cerami cI g lass,  o r  g l  ass-cerami c )  t o  
t h e  br idgewi re .  The energy t r a n s f e r r e d  v i a  t h e  b r idgew i re  i s  used 
t o  i g n i t e  t h e  energet ic  m a t e r i a l .  I n  o rde r  f o r  t h e  component t o  
f u n c t i o n  success fu l l y ,  t h e  se lec ted  i n s u l a t i n g  m a t e r i a l  must form 
a h i g h - q u a l i t y  seal  w i t h  t h e  p i n ( s )  and w i t h  t h e  s h e l l  [3-41. I n  
many a p p l i c a t i o n s ,  t e s a1 must be l e a k t i g h t  o r  hermet ic (hel ium 
leak  r a t e  o f  <1 x 10' cm'/s) and o f  s u f f i c i e n t  s t r e n g t h  t o  ensure 
successfu l  f u n c t i o n i n g  o f  t h e  component. 

Over t h e  years b r i dgew i re  devices have been employed i n  systems 
desp i te  having several  i nhe ren t  s a f e t y  l i m i t a t i o n s .  These safety  
concerns are  based on t h e  f a c t  t h a t  t h e  exp los i ve  o r  pyrotechnic  
m a t e r i a l  i s  no t  t r u l y  i s o l a t e d  from i t s  surroundings, making these 
components suscep t ib le  t o  t h e  e f f e c t  o f  o u t s i d e  e lect romagnet ic  
r a d i a t i o n .  Th is  sa fe ty  cons ide ra t i on  has been t h e  d r i v i n g  f o r c e  
f o r  t h e  design o f  a new f a m i l y  o f  l a s e r - i g n i t e d  components t h a t  
would be i mpervi ous t o  spur i  ous 1 eve1 s o f  e l  ectromagneti c 
r a d i a t i o n .  I t  i s  envis ioned t h a t  l a s e r  components, which are  
i n s e n s i t i v e  t o  var ious  h i g h - r i s k  environments, w i l l  even tua l l y  
rep1 ace c l  ass i  c a l  b r i  dgewi r e  components i n many appl  i ca t ions .  

Past research on t h e  1 aser i n i  t i  a t i  on o f  energet i  c mater i  a1 s has 
centered p r i m a r i l y  on understanding o r  measuring t h e  i n t e r a c t i o n  
between l a s e r s  and these ma te r ia l s  [5-81. Th is  work success fu l l y  
demonstrated t h a t  l a s e r  i g n i t i o n  o f  ene rge t i c  m a t e r i a l s  i s  f e a s i b l e  
and, most impor tan t l y ,  r e l i a b l e .  Over t h e  pas t  few years research 
i n  t h i s  d i s c i p l i n e  has s h i f t e d  from a s c i e n t i f i c  emphasis t o  one o f  
engineer ing centered on t h e  development o f  ac tua l  hermet ic,  l ase r -  
i g n i t e d  components [9-141.  These components can be functioned, by 
a v a r i e t y  of lasers ,  i n c l u d i n g  l a s e r  diodes, which produce a 
s u f f i c i e n t  ou tpu t  energy through an o p t i c a l  f i b e r  t o  i g n i t e  the  
energe t i c  mater i  a1 . These sa fer  1 aser components requi  r e  t h e  
f a b r i c a t i o n  o f  h igh-st rength,  hermet ic sea ls  w i t h  small-diameter 
o p t i c a l  f i b e r s  o r  t ransparent  windows. The emphasis o f  t h i s  paper 
i s  t o  demonstrate t h e  f e a s i b i l i t y  o f  f a b r i c a t i n g  hermetic, l a s e r -  
i g n i t e d ,  exp los ive  o r  pyrotechnic  devices t h a t  c o u l d  be used i n  the  
next  generat ion o f  i g n i t o r s ,  ac tua tors ,  and de tonators .  
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Three p r i  nc i  p a l  desi gn conf  i gura t  i ons ( F i  gure 1 ) a re  under 
development f o r  f a b r i c a t i n g  l a s e r  i n i t i a t e d  components: 1 )  D i r e c t  
F ibe r  Placement, 2 )  F iber  P in ,  and 3 )  Transparent Windows. Each o f  
these approaches has c e r t a i n  i d e n t i f i a b l e  s t reng ths  and weaknesses 
depending on t h e  requi  red appl i c a t i  on Thi  s paper w i  11 present  
examples o f  each t ype  o f  component and some i 1 l u s t r a t i o n s  o f  f i r i  ng 
r e s u l t s  which have been obta ined.  

D i  r e c t  Fi  ber PI acement Compone 

A s  shown i n  F igure  1, D i r e c t  F ibe r  Placement components c o n t a i n  a 
l e n g t h  of o p t i c a l  f i b e r  h e r m e t i c a l l y  sealed w i t h i n  t h e  component. 
I n  these devices, one end o f  t h e  o p t i c a l  f i b e r  i s  l oca ted  a t  t h e  
former " b r i  dgewi r e  surface, '' whi l e  t h e  o t h e r  end " p i g t a i  1 s" ou t  o f  
t he  dev ice f o r  severa l  cent imeters o r  meters which then cou ld  be 
used f o r  connect ing t o  a l a s e r  o r  t o  another connector. The 
p r i n c i p a l  advantages o f  t h i s  type  o f  des ign are:  1 )  t h e  number o f  
connect ions between t h e  component and t h e  l a s e r  i s  reduced, which 
minimizes losses due t o  i n t e r f a c i a l  r e f l e c t i o n s ,  2 )  t he  o p t i c a l  
f i b e r  i s  sealed w i t h i n  t h e  device,  thus  e l i m i n a t i n g  al ignment 
problems, and 3 )  c lose  to le rances  can be ob ta ined s ince  t h e  f i b e r  
i s  i n  f i n a l  p o s i t i o n  p r i o r  t o  sea l i ng .  

The p r i n c i p a l  d i f f i c u l t y  i n  t h e  f a b r i c a t i o n  o f  D i r e c t  F ibe r  
Placement components has been i n  develop ing process ing techniques 
which r e s u l t  i n  a hermet ic g lass  seal  between t h e  o p t i c a l  f i b e r  and 

CHARGE CAVW 
\ 

L 

CHARGE CAVITY CHARGE CAVW 

\ 
FIBER PIN 

Figure  1 - Comparison o f  t h e  t h r e e  p r i n c i p a l  design c o n f i g u r a t i o n s  
under consi  d e r a t i  on f o r  1 ase r - i  gni  t e d  components: ( A )  D i  r e c t  F i  ber  
Placement, ( B )  F i b e r  Pin, and ( C )  Transparent Window. 
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t h e  s e a l i n g  g lass  and between t h e  s e a l i n g  g lass and t h e  s t r u c t u r a l  
member o r  she1 1 a This  i s  d i f f i c u l t  t o  accompl i s h  w i thou t  c rack ing  
the  o p t i c a l  f i b e r  due t o  t h e  l a r g e  c o e f f i c i e n t  o f  thermal expansion 
m i  smatch (a1 ph ) between t y p i c a l  fused s i l i c a  o i c a l  f i b e r s  
(a lpha -8 x 'IO- t e r i a l  such 
as a s t a i n l e s s  s t e e l  (a lpha -170 x 10- cm/cm/'CC, 25 t o  400'C). 
However, t h e  D i  r e c t  F iber  Placement component shown i n  F igure  2 was 
success fu l l y  f a b r i c a t e d  us ing  one o f  several  F ibe r  I n s e r t i o n  
Processing techniques which have been developed [ 1 5 ] .  These 
components were f a b r i c a t e d  us ing  a S A 906 alumina f e r r u l e  
connector obta ined from Op t i ca l  F i b e r  Technologies, I n c .  I 

B i l l e r i c a ,  A )  as t h e  s h e l l  m a t e r i a l .  The connector was mod i f i ed  
t o  accept a g lass  preform, which was used t o  form t h e  hermet ic seal 
w i t h  a stepped index, 100-micron co re  o t i c a l  f i b e r .  A f t e r  seal  
format ion,  a standard alumina f e r r u l e  S A connector was g lued t o  
t h e  unsealed end o f  t he  o p t i c a l  f i b e r  and bo th  connectors were 
po l i shed  us ing  standard techniques. 

cm/cm/'C, 25 t o  400'C) an9 t h e  s h e l l  

F igure  2 - An example o f  a " f u l l - u p "  D i r e c t  F ibe r  Placement Device 
( t o p ) ,  assembled from a loaded s h e l l  (bottom l e f t )  and a sealed 
D i  r e c t  F iber  Placement component (bottom r i g h t ) .  

Several o f  t h e  D i r e c t  F ibe r  Placement t e s t  components were loaded 
w i t h  e i t h e r  T i  /KC104 o r  C P  (2 - (5 -cyanote t razo la to )  pentaamine 
c o b a l t  I11 pe rch lo ra te )  doped w i t h  carbon. b lack .  The CP/carbon 
b lack  u n i t s  were loaded w i t h  77.0 mg o f  powder pressed t o  a d e n s i t y  
o f  1.7 g/cm3, w h i l e  t h e  Ti/KC104 u n i t s  were loaded w i t h  20 .0  mg o f  
powder t o  a d e n s i t y  o f  2 . 0  g/cm . The components were ready f o r  
f i r i n g  a f t e r  a c losu re  d i s c  was welded on to  t h e  ou tpu t  end o f  t he  
u n i t .  F i r i n g  t e s t s  were performed us ing  t h e  t e s t  setup shown i n  
F igure  3 .  The components were i g n i t e d  us ing  a 5 0 0 - m W a  10-ms ( 5 . 0 -  
m J )  l a s e r  diode pulse.  A l l  o f  t h e  components func t ioned and the  
t e s t  r e s u l t s  f o r  two o f  these components a re  shown i n  F igure  4 .  
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Figure 3 - Test setup used i n  de termin ing  t h e  f u n c t i o n  t imes o f  t h e  
f a b r i c a t e d  devices.  

F igure 4 ( B )  was ob ta ined on a CP/carbon b lack  loaded component, and 
shows a very sho r t  f u n c t i o n  t ime  o f  -0.2-0.4 ms. F igure  4(C) was 
obtained on a Ti/KC104 loaded dev ice and i t  e x h i b i t e d  a longer  
f u n c t i o n  t i m e  o f  -1-ms. The r e s u l t s  obta ined on t h e  components 
were encouraging s ince  the  u n i t s  func t ioned du r ing  t h e  i n i  t i  a1 p a r t  
o f  t h e  l a s e r  d iode pulse.  The d i f f e r e n c e  between t h e  f u n c t i o n  
t imes obtained on these two components i s  r e l a t e d  t o  CP/carbon 
b lack having a lower l a s e r  i g n i t i o n  th resho ld  va lue  than Ti/KC104. 
An energet ic  material 's l a s e r  i g n i t i o n  th resho ld  va lue i s  a f u n c t i o n  
o f  i t s  heat capac i ty ,  thermal c o n d u c t i v i t y ,  and several  o the r  
phys ica l  and chemical p r o p e r t i e s  * 

F igure 4 - Traces o f  t h e  l a s e r  d iode pu lse  ( A ) ,  t h e  photodetector  
s i  gnal ob ta i  ned f rom a herrnet i c CP/carbon b l  ack-1 oaded, D i  r e c t  
F iber  Placement component ( B ) ,  and from a hermet ic,  Ti/KC104- 
loaded, D i r e c t  F i b e r  Placement component (C).  



e r  Go tS 

F ibe r  P i n  components (F igu re  1 )  are f a b r i c a t e d  us ing  sho r t  l eng ths  
o f  o p t i c a l  f i b e r s  o r  l lp in(s) , "  which are  meant t o  f u n c t i o n  i n  t h e  
same general manner as t h e  metal p i n s  they rep lace.  Some 
advantages o f  F i b e r  P in  dev ices are:  1 )  t h e  " p i n ( s ) "  are o p t i c a l  
f i b e r s ,  which mean they a c t  as waveguides, 2 )  t h e r e  i s  no f i b e r  
p i g t a i l  t h a t  may be damaged du r ing  handl ing,  and 3 )  these dev ices 
can be designed t o  w i ths tand h igh  pressures.  The l a t t e r  i s  t r u e  
s ince t h e  pressure sp ike  app l i ed  t o  t h e  " o p t i c a l  p i n "  d u r i n g  
f u n c t i o n i n g  i s  low due t o  t h e  f i b e r ' s  small  c ross-sec t iona l  area. 
The main disadvantage o f  these components i s  t h a t  they must be 
mated w i t h  an ex te rna l  connect ion t o  t h e  energy source. T h i s  i s  
no t  t r i v i a l  s ince  t h e  al ignment o f  two small diameter o p t i c a l  
f i b e r s  ( t y p i c a l l y  l e s s  than 200 microns) may be d i f f i c u l t ,  
e s p e c i a l l y  when one o f  t h e  f i b e r s  i s  sealed w i t h i n  a dev ice.  
Connecti ons o f  t h i  s type  a1 so t y p i c a l  1 y r e s u l t  i n  i nherent s i g n a l  
losses due t o  angular and a x i a l  f i b e r  misal ignments and 
r e f l e c t i o n s .  

An example o f  a h igh -s t reng th  F iber  P i n  device i s  shown i n  F igure  
5 .  Th is  component was f a b r i c a t e d  by f i r s t  f i x t u r i n g ,  a s t a i n l e s s  
s t e e l  s h e l l ,  a g lass preform, and an o p t i c a l  f i b e r .  A f t e r  
f i x t u r i n g ,  hermet ic  sea ls  between t h e  g lass  and t h e  s h e l l  and 
between t h e  g lass  and t h e  o p t i c a l  f i b e r  were formed by hea t ing  i n  
a furnace t o  t h e  approp r ia te  temperature. The main d i f f i c u l t y  i n  
f a b r i c a t i n g  these components i s  o b t a i n i n g  c rack- f ree ,  hermet ic  
sea ls  due t o  t h e  l a r g e  mismatch i n  t h e  c o e f f i c i e n t s  o f  thermal 
expansion between t h e  s t a i n l e s s  s t e e l  s h e l l  and t h e  o p t i c a l  f i b e r .  
The format ion o f  c rack- f ree ,  l e a k t i g h t  seals  i s  made poss ib le  o n l y  
by the  c a r e f u l  s e l e c t i o n  o f  t h e  s e a l i n g  g lass and by t h e  p r e c i s e  
c o n t r o l  o f  t h e  t ime-temperature furnace parameters. 

F igure  5 - F ibe r  P in dev ice  (maximum O.D. -1.27-mm) t h a t  was 
f a b r i c a t e d  w i t h  a sho r t  l e n g t h  o f  o p t i c a l  f i b e r  (smal l  spot i n  t h e  
g lass)  ins tead o f  a metal p i n .  



Fiber  P i n  components have been prepared by l oad ing  w i t h  -93 mg of 
TiH1,65/MC104 powder pressed t o  a d e n s i t y  o f  2 ,2  g/cm3. These 
components were des i  gned t o  be h i  gh-strength devices capa 
w i  t hs tand i  ng t h e  h i g h  pressures produced d u r i  ng t h e  i g n i t i o n  of t h e  
pyrotechnic  w i t h o u t  s e l f - d e s t r u c t i n g .  Th is  t y p e  of f u n c t i o n  
t e s t i n g  has been designated as Zero Volume F i r i n g .  Zero Volume 
F i r i n g  i s  an extreme o v e r t e s t  performed by th read ing  t h e  component 
i n t o  a pressure b l o c k  t h a t  con ta ins  a c a l i b r a t e d  t ransducer .  
F igure  6 shows t h e  t e s t  setup used i n  t h e  Zero Volume F i r i n g  t e s t s ,  
which were performed by d r i v i n g  t h e  l a s e r  diode ou tpu t  t o  '700-800 
m\Y f o r  a pu lse  l e n g t h  o f  10-ms (7-8 m J ) .  F igu re  7 shows t h e  
r e s u l t s  o f  a Zero Volume F i r i n g  t e s t  obta ined on one of t h e  loaded 
F iber  P i n  components. The t o p  t r a c e  i n  F igure  7 shows t h e  t ime  
du ra t i on  o f  t h e  l a s e r  diode pu lse  (10-ms), w h i l e  on t h e  bottom i s  
the  pressure t r a c e .  The maximum pressure obta ined w i t h  t h i s  

F igure 6 - Test setup used i n  determin ing t h e  pressure ou tpu t  o f  
f a b r i c a t e d  h i  gh-st rength t e s t  components. 

F igure  7 - Traces o f  t h e  l a s e r  diode pulse ( t o p )  and o f  t h e  
t ransducer ou tpu t  (bottom) obta ined on a TiH1,65/KC104 loaded, 
hermeti c ,  F i  ber  P i  n devi ce . 
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s t a i n l e s s  s t e e l  dev ice  was -550 Pa ( -80,000 p s i  ) . The t r a c e  shows 
t h a t  t h e  component success fu l l y  he ld  t h e  pressure w i thou t  f a i l u r e .  
The s l i g h t  decrease i n  t h e  pressure t r a c e  a s  a f u n c t i o n  o f  t i m e  i s  
due t o  t h e  c o o l i n g  o f  t h e  r e a c t i o n  products and n o t  due t o  any 
pressure re lease by t h e  component. 

CS S 

Transparent indow components (F igure  1)  a re  c l a s s i f i e d  as 
components t h a t  eonta i  n a t ransparent  w i  ndow sealed w i  t h i  n t h e  
s t r u c t u r a l  member o r  she1 1 .  The window has t y p i c a l l y  been 
f a b r i c a t e d  ou t  o f  e i t h e r  sapphire o r  g lass.  The s e l e c t i o n  o f  t h e  
window ma+erial  i s  based on a number o f  cons idera t ions  i n c l u d i n g :  
1) t h e  index o f  r e f r a c t i o n  o f  t h e  window m a t e r i a l ,  2 )  t h e  r e q u i r e d  
s t reng th  o f  t h e  component, and 3)  t h e  thermal expansion 
r e l a t i o n s h i p  between t h e  window and t h e  s h e l l .  

Window components have one very s i g n i f i c a n t  c h a r a c t e r i s t i c  which 
makes them ve ry  a t t r a c t i v e  f o r  a p p l i c a t i o n  i n  l a s e r - i g n i t e d  
components. T h i s  advantage i s  t h a t  t h e  window diameter i s  many 
t imes l a r g e r  than t h a t  o f  t h e  connect ing o p t i c a l  f i b e r .  Therefore,  
t h e r e  a r e  m i  n i  mal concerns about a1 i gni ng t h e  connect i  ng o p t i c a l  
f i b e r  t o  t h e  window. Th is  e l im ina tes  s igna l  losses due t o  
misal ignment.  However, window components have b a s i c a l l y  t h e  same 
1 i m i  t a t i o n s  as F i b e r  P in  devices i n  t h a t  they have inhe ren t  losses 
due t o  r e f l e c t i o n s  a t  t h e  f iber- to-window i n t e r f a c e .  I n  a d d i t i o n ,  
window components have t h e  added disadvantage i n  t h a t  t h e  window 
does no t  a c t  as a waveguide; hence, t h e  i n c i d e n t  l i g h t  w i l l  d i ve rge  
as i t  t r a v e l s  through t h e  th ickness  o f  t h e  window. The magnitude 
o f  t h e  divergence i s  a f u n c t i o n  o f  window th ickness  (which 
determines t h e  s t r e n g t h  o f  t h e  window) and t h e  window’s index o f  
r e f r a c t i o n .  Therefore,  t h e  design engineer must accept a t r a d e - o f f  
between t h e  amount of beam divergence t h a t  i s  acceptable t o  i n s u r e  
t h e  f u n c t i o n i n g  o f  t h e  component and i t s  requ i red  s t reng th .  

An example o f  a window component t h a t  has been developed j o i n t l y  
w i t h  t h e  U . S .  Navy i s  shown i n  F igure  8.  Th i s  component i s  a 
hermet ic,  stand-alone, l a s e r - i g n i t e d  de f l ag ra t i on - to -de tona t ion  
t r a n s i t i o n  (DDT) detonator  which was o r i g i n a l l y  designed f o r  use 
w i t h  t h e  Navy’s Laser I n i t i a t e d  Transfer  Energy Subsystem (LITES) 
[ 16-48]  . The detonator  uses t h e  secondary exp los ive  HMX doped w i t h  
3% carbon b lack  as the  i g n i t i o n  charge and undoped HMX as t h e  
t r a n s i t i o n  charge. I n  a l l  o f  t h e  development t e s t s  conducted t h e  
detonator  has s u c c e s s f u l l y  func t ioned as designed and has remai ned 
completely i n t a c t  a f t e r  de tonat ion .  These t e s t s  were accompl ished 
us ing  a pu lse  f rom a Nd:YAG l a s e r  through a 1-mm o p t i c a l  f i b e r ,  
even though o the r  o p t i c a l  f i b e r / l a s e r  combinations cou ld  be 
u t i l i z e d .  As designed, t h e  detonator has been determined t o  be 
capable o f  s u c c e s s f u l l y  e f f e c t i n g  de tonat ion  t r a n s f e r  i n  a number 
o f  c o n f i g u r a t i o n s  a f t e r  be ing  i n i t i a t e d  from a l a s e r  source. 



F i  gure 8 - Hermetic, w i  ndow, 1 aser - i  gn i  t e d  a1 1 -HMX DDT de tonator .  

I t  has been demonstrated t h a t  t h e  f a b r i c a t i o n  o f  hermet ic,  l a s e r  
i g n i t e d ,  py ro techn ic  and exp los ive  components i s  poss ib le .  Th i s  
new technology based on a l a s e r / o p t i c a l  f i b e r  o r  window combination 
i n  p lace  o f  b r i dgew i re (s )  and p i n ( s )  can r e a d i l y  be adapted t o  
var ious  eng ineer ing  requirements. Several novel  process ing 
techniques have been developed f o r  f a b r i c a t i n g  these devices t h a t  
have been shown t o  e x h i b i t  t h e  requ i red  s t r e n g t h  and h e r m e t i c i t y  t o  
ensure t h e  successfu l  f u n c t i o n i n g  o f  t h e  dev ice.  Examples o f  
several  types o f  l a s e r - i g n i t e d  devices have been f a b r i c a t e d  and 
t e s t e d  u s i  ng a v a r i  e t y  o f  pyro techn ic  and expl  o s i  ve mater i  a1 s.  
These f u n c t i o n  t e s t s  have conf i rmed t h a t  re1 i a b l e ,  h igh-s t rength  
devices can be produced. The r e s u l t s  i l l u s t r a t e  t h a t  t h e r e  a re  no 
fundamental reasons why l a s e r  i g n i t e d  components should n o t  be 
considered f o r  f u t u r e  designs o f  pyro techn ic  and exp los ive  
components. 

The authors would l i k e  t o  thank the  many people a t  Mound i n  t h e  
Ceramic Machine Shop, t h e  Welding Group, and t h e  Nondestruct ive 
Eva1 u a t i  on Group whose support  and ass is tance made t h i s  research 
poss ib le .  The au thors  would a l so  l i k e  t o  thank Tom Blachowski, 
Naval Surface Warfare Center, I nd ian  Head, f o r  a l l  o f  h i s  support  
and ass i  stance. 
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This paper 
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Recent data 
targets wit 
requirement 
components a 

The Department of Energy's (DOE) nuclear weapon systems 
continually decreased in size, Today's relatively small 
weapons require the design of much more efficient, lighter, and 
smaller explosive components because fragments, air shocks, and 
pyro-shocks associated with the function of these components 
can damage electrical and other sensitive components located 
nearby. The DOE requirements for PLSC's are listed in Table 1. 
Therefore, linear shaped charge (LSC) components for weapon 
systems can no longer be emperically or experimentally designed 
for a given application. Many of today's designs require 
severing concentric cylinders, for example, where the LSC jet 
is designed to sever only one of the two cylinders as was the 
case for the B90/Nuclear Depth Strike Bomb, Therefore, code 
modeling and simulation technology must be utilized to obtain a 
better understanding of the LSC jet hydrodynamic penetration, 
fracture, shear and spa11 mechanisms associated with the 
severance of metallic as well as composite targets. 

The design of a LSC involves the numerous variables 
and listed in Figure 1. Because LSC design methods 
hardware fabrication methods from existing suppliers in the 
U . S .  were not adequate for DOE weapon component requirements, 
Sandia has designed and developed the PLSC. Sandia's PLSC 
related capabilities are listed in Table 2. PLSC components 
have 
recently been designed and developed for the programs listed in 
Table 3. The PLSC explosive loading (GPF), target, and jet 
penetration are also listed in Table 3 .  

LSC suppliers (Explosive Technology, Teledyne McCormich Self, 
Dupont, Jet Research, Ensign Bickford, etc.) in the U . S .  all 
use the similar technology for the last 40 years of initially 
loading an explosive powder in a tube that is then swage- 
formed, drawn or shaped into the conventional chevron or wedge 
configuration as shown in Figure 2 This process does not 
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theoretical maximum density for some components in recent 
years, This relatively high loading density can also make the 
initiation of the explosive more difficult, The end result of 
fabricating or producing a LSC by these conventional methods is 
a relatively inefficient and non-reproducible jet penetration 
in any target. This non-reproducibility of conventional LSC's 
does not allow the designer to take full advantage of the 
fracture or secondary severance mechanism associated with the 
jet penetration of metallic targets. For conventional LSC's, 
the explosive is first loaded into a tube which then becomes 
the material for the liner or wedge and tamper, Therfore, the 
disadvantages of conventional LSC's are listed in Table 4 .  

PRECISION LINEAR SHAPED CHARGES 

The goal and optimum parameters desired for a PLSC design are 
listed in Table 5. With PLSC technology, the liner or wedge, 
tamper, and explosive are fabricated or produced separately or 
independantly. The liner and tamper materials can be different 
as indicated in Figures 5 and 6. Therefore, the most important 
part of the LSC, the liner, can be designed with precise, 
unique properties for the jet required to penetrate a given 
target. The liner material, geometry, and microstructure can 
be designed independant of the tamper material. The liner, 
tamper and explosive materials can be selected and fabricated 
to geometries that are optimized with the use of analytical 
codes. The tamper material, usually, but not always, is 
fabricated from high density material. The explosive can be 
machined, cast, buttered or extruded between the liner and 
tamper materials as indicated in Figure 7. PLSC explosive 
loading methods have been developed at Ensign Bickford and at 
the Pantex Plant. The explosive is added or assembled last 
rather than first as is done with conventional LSC's. With 
PLSC designs, the liner, explosive and tamper parts can be 
inspected prior to assembly. The independant fabrication of 
the PLSC parts is the major reason PLSC components are more 
efficient (less explosive weight, less total component weight 
and less volume for a given target) and much more reproducible 
for a given test and from test to test than conventional LSC's. 

PLSC liners have been fabricated from copper, aluminum, nickel, 
tantzilum, gold-plated aluminum, and gold-plated copper, PLSC 
components have been designed to sever aluminum, steel, 
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e 
10 for a constant standoff (PLSC at a standoff of 0.100 inches 
over the 8 inch length of the target). The jet penetration 
versus standoff are compared for a PLSC (Figure 11) and 
conventional LSC in Figure 12. The 25 grain/foot explosive 
loading and aluminum liner were the same for both charges. 
PLSC design was loaded with LX-13 explosive which is composed 
of 80% PETN and 20% inert Sylgard binder, Therefore, the 
actual explosive loading was only 16 grain/foot. The 
conventional LSC was loaded with HNS I1 explosive. The 
reproducibility of the jet penetration into an aluminum target 
for two different tests illustrated in Table 6 ,  The maximum 
deviation for the two tests is within 4%. The PLSC advantages 
over conventional LSC's are listed in Table 7. 

The 

RECENT SANDIA PLSC COMPONENTS 

PLSC's recently developed at Sandia National Laboratories have 
been designed to sever aluminum, steel, Kevlar, titanium and 
Graphite-Epoxy targets. Table 3 lists the programs for which 
PLSC components have been designed and developed. 
explosive loading, target material, and severance thickness are 
listed in Table 3 .  The explosive used in most of these 
components was LX-13 or XTX-8003 which is 80% PETN explosive 
and 20% inert Sylgard binder. Therefore, for all LX-13 tests, 
the actual explosive ( H . E . )  grain per foot (GPF) loading is 80% 
of the PLSC loading. 

The PLSC 

The Trident II/DS component was designed to sever the graphite- 
epoxy missile case (Stage separation component). One 
B90/Nuclear Depth Strike Bomb (NDSB) PLSC component was 
designed to sever an aluminum cylinder to release the parachute 
on target approach. The other B90/NDSB component was designed 
to sever 8 Kevlar parachute suspension lines to jettison the 
parachute after water impact. The Operational Deployment 
Experiment Simulator (O.D.E.S.) PLSC component was designed as 
a flight termination system and the annular PLSC cuts 4 inch 
diameter holes in each of two steel spheres containing the 
propulsion fuel for the third stage. The hypergolic fuel from 
the two spheres mixes and burns to terminate the flight. 

The Special Forces PLSC was designed for Picatinny Arsenal. 
This PLSC was unique in that three short segments can sever a 
1.0 inch thick "I" beam without subjecting friendly troops to 
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conventional LSC available from suppliers in the U . S ,  

Sandia has recently developed the Linear Explosive Shaped 
Charge Analysis (LESCA, old name was LSCAP) code6- 
modeling and designing linear shaped charges. The code 
modeling features are listed in Table 8 .  The LSC cross- 
sections are assumed symmetrical and a typical modeling cross- 
section is shown in Figure 13. The graphical modeling 
capabilities are illustrated in Figures 14 - 16. The jet 
formation and explosive product gas expansion of the LSC sheath 
material is illustrated in Figures 14 and 15 for two different 
times. The code graphics for jet penetration, jet envelope 
angle (theta) and jet particle angle (alpha) are shown in 
Figure 16. The experimental and code predicted data are 
compared in this figure. The LESCA code predicted alpha and 
beta angles have compared favorably with experimental data as 
that shown in Figure 17. The LESCA code predicted jet 
penetration versus standoff are compared to experimental data 
in Figures 18 - 20 for the PLSCG, PLSC7 and PLSCS designs, 
respectively. 

SANDIA PLSC SEVERANCE OF GRAPHITE-EPOXY TARGETS 

Sandia has recently conducted a study to extend the PLSC data 
for severing graphite-epoxy panels or targets. Data for PLSC 
severance of graphite-epoxy panels are listed in Table 9 for 
six tests. All tests were conducted using graphite-epoxy 
panels available from the Trident II/D5 program. The density 
of the graphite-epoxy was about 1.55 g/cc. Existing PLSC 
hardware with parameters as listed in Table 10 and from the 
previous programs listed in Table 3 were used in the tests 
listed in Table 9. The PLSC explosive plus inert binder (GPF), 
tamping (TAMP.) material, and standoff (S.O.) are listed in 
Table 9. The graphite-epoxy target number of panels, 
thickness, panels severed, and severed thickness are also 
listed in Table 9. All tests were conducted with the PLSC at a 
constant standoff (S.O.) from the graphite-epoxy panels as 
shown in Figure 21. An aluminum witness plate was located 
0 . 0 6 0  inches from the back side of the graphite-epoxy panels to 
measure any residual jet penetration. 
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sections (cut and polished) are shown in Figure 25. The PLSC7 
liner is shown on the right in this figure (magnified 16 
times). PLSC jet severance versus PLSC explosive loading data 
are summarized in Figure 26. PLSC jet severance data for 
graphite-epoxy and aluminum targets are compared in Figure 27. 
The aluminum data includes only jet penetration and no fracture 
since the target was very thick. 
designs, the fracture can result in doubling the total 
severance thickness (jet penetration plus fracture). 
Therefore, if fracture were included in the data of Figure 27, 
the aluminum and graphite-expoxy data would be very similar. 
However, since the aluminum density of 2.77 g/cc is about twice 
the graphite-epoxy density of 1.55 g/cc, the graphite-epoxy 
material is clearly the more jet resistant material. 

Typically for these PLSC 

DISCUSSION AND SUMMARY 

The data listed in Table 9 shows the PLSC4 (16 grain/foot) will 
sever one graphite-epoxy panel 0.175 inches thick with no 
residual jet penetration (Tests Number 1 and 2). The PLSCG (30 
grain/foot) will sever two panels 0.350 inches total thickness 
with no residual jet penetration (Tests Number 3 and 4 ) .  The 
PLSC7 (68 grain/foot) will sever three panels 0.525 inches 
total thickness with no residual jet penetration (Test Number 
6 ) .  The PLSC7 will sever two panels 0.350 inches total 
thickness with a 0.025 inch residual jet penetration in the 
aluminum witness plate. 

Sandia has expertise in the design of explosive shaped charges, 
in-house developed analytical (SCAP, LESCA, etc.) and two and 
three-dimensional hydrocodes (CSQ, CTH, etc.), test facilities 
including state-of-the-art diagnostics, and local hardware 
fabrication sources for PLSC components. Smaller DOE weapon 
systems have dictated or required the design and development of 
more efficient and more reproducible linear shaped charge 
components. The same PLSC technology developed for the weapon 
programs can be applied to stage separation, flight termination 
systems, disablement devices, canopy release pilot ejection 
systems, conventional weapons, etc. required by commercial, 
DOD, and NASA programs 
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missile contractors have yet to require LSC's wit 
attributes of a PLSC and therefore private industry is allowed 
to supply components based on 40 year old fabrication 
technology by oversizing or over-killing the design, 
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Abstract 

Acceptance testing of explosive components requires a reliable 
and simple to use testi g method that can discern less than 
optimal performance. r hot-wire detonators, traditional 
techniques use dent blocks or photographic diagnostic methods. 
More complicated approaches are avoided because of their inherent 
problems with setup and maintenance. recently developed tester 
is based on using a laser interferometer to measure the velocity 
of flying plates accelerated by explosively actuated detonators. 
Unlike ordinary interferometers that monitor displacement of the 
test article, this device measures velocity directly and is 
commonly used with non-spectral surfaces. 

Most often referred to as the VISAR tech ique (Velocity 
Interferometer System for Any Reflecting Surfa ) ,it has become 
the most widely-accepted choice for accurate measurement of 
velocity in the range greater than 1 / p s .  Traditional VIS= 
devices require extensive setup and adjustment and therefore are 
unacceptable in a production-testing environment. This paper 
describes a new VISAR approach which requires virtually no 
adjustments, yet provides data with accuracy comparable to the 
more complicated systems. The device, termed the Fixed-Cavity 
VISAR, is currently b veloped to serve as a product 
verification tool for e detonators slappers. An 
extensive data acquisit analysis compu code has also 
been created to automate the manipulatio ata into final 
results a 

e; 3 



Laser velocity interferometry is based on the Doppler principle 
that light reflected from a moving object has a shift in 
frequency related to the velocity of that surface. This shift in 
frequency is superimposed on the original frequency of the light. 
The shift is detected by dividing the light returned from the 
target into two or more paths that appear equal (the optical 
length), but in fact have appreciably different delay times 
(transit time). The delay is accomplished by placing one or more 
etalons into one path. The apparent position of the mirror in 
the delay leg is closer to the beamsplitter by the amount: 

x = h(1-l/n) (1) 

where h is the length of the etalon and n is the index of 
refraction of the material. The corresponding delay time is 
given by: 

7 = (2x/c) 

where c is the velocity of light in free space. The factor of 
two in the equation is caused by the fact that the light passes 
through the etalon a total of two times, once before and then 
after reflection from the mirror. 

In a single-leg VISAR, the incident light returned from the 
target is split by a beam splitter (BS) into two paths, each 
terminated by a mirror. A quarter wave plate in the delay path 
causes the P portion of the light to be retarded by a phase angle 
of 90" with respect to the S component. The light passes through 
the etalon once before reflection from the mirror and then a 
second time before returning to the BS. The light in the 
reference path travels a shorter distance because the etalon is 
not in position. The components are aligned so that the two 
returned beams are recombined on a different portion of the BS 
than where the initial separation took place. The BS splits the 
recombined light into two separate beams that are 180" out of 
phase. Either or both of the recombined beams can be used to 
detect the interference caused by the phase shift in the incident 
beam. 



(P) e The signals contain the same interference information as 
the first path, but opposite in phase. The signal from each of 

tubes in one leg is inverted electronically and added to 
the corresponding signal from the other leg. Thus, Data-1 is 
added to the inverse of Data-1' and Data-2 is combined with the 
inverse of Data-2'. This eliminates spurious common mode signals 
such as self-light, which are equally added components in both PM 
tube signals. The signal amplitude of the combined output is 
twice that of a single PM tube. 

A PZAT (piezoelectric angular translator) is used in Path 1 to 
mount the mirror, allowing minute changes in the path length to 
be induced by applying a corresponding electrical signal. This 
feature allows target motion to be simulated during setup to 
check the output of the detecting devices. A second purpose is 
that the light level at the start of the experiment can be set to 
cause the output of the S-component detector to be at the full- 
dark (minimum output) level. This simplifies the trigger level 
setting on the digitizers used to record the output of the PM 
tubes. Thirdly, minor adjustment to the parallelism of the 
mirrors can be done by applying a different voltage to each of 
the three segments of the PZAT. 

The recorded output from the combined signals is used to 
determine the target velocity in accordance with the following 
equation: 

4(t) 1 
27 (1 i- A v / v )  1 i- 6 u =  ( 3 )  

where x is the wavelength of the laser, 4(t) is the instantaneous 
phase angle between Data-1 and Data-2, A v / v  is a correction for 
shock-induced changes in the index of refraction of a window, and 
6 is the correction for the etalon index of refraction dependence 
with the doppler-shifted wavelength. The correction factor 6 is 
0.0339 for the fused silica typically employed as etalon 
material. The correction factor A V / U  is zero unless a clear 
8vwindow" is placed against the rear surface of the target. From 
the definition of the velocity-per-fringe (VPF) constant, 
equation 3 can be rearranged to yield: 
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entered about 
e of the two 
instantaneous 
circle plot 

where # ( O )  is the initial phase angle at time 0. Various factors 
can contribute to imbalance of the two signals with resulting 
distortion or displacement of the circle plot, Variations in 
amplitude or vertical shift of the raw data cause relatively 
small uncertainties in the final result, but specification of the 
center of the plot is important because it serves as the 
reference point for the phase angle determinations using equation 
5. 

In some instances, the acceleration of the target is so great 
that the fringe frequency (number of fringes produced per unit 
time interval) exceeds the capability of the electronics. In 
this instance, it is said that fringe information is q110stg8 and 
the standard data reduction will result in an abnormally low 
velocity, (The same le applies for rapid decelerations 
except that the resulting velocity will be higher than the actual 
value.) Simply stated, the phase angle calculated from the data 
points before and after the loss region represents only the 
fractional part of the lost information, but not the integer 
number of fringes. Thus, the data analysis technique for these 
situations requires specification of the time when the loss 
occurred and the integer number of missing fringes, This process 
results in ambiguity because the number of fringes specified 
directly affects the value of all subsequent velocity values. 
Resolution of this issue is provided by the use of a dual-delay- 
leg VISAR as described in a later paragraph. 

Dual-Delav-Lea VISAR 

The ambiguity caused by ra get acceleration is resolved by 
means of a dual-delay-leg This system consists of two 
separate VIS units monitorin e same target motion. The key 
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records from each system are 
compared. When fringes are added to the data of the one system, 
the resultant velocity must agree with the value obtained by a 
similar process for the other system. Because the VPF's are 
significantly dissimilar (typically at least 20% different) , the 
fringe addition process will result in only a few combinations 
that provide agreement between the results from the two different 
systems. For example, assume system 1 has a VPF of 0.7, while 
system 2 is 1.0. Adding three fringes to the former results in 
a velocity change of 2.1 mm/ps .  The obvious operation is then to 
add two fringes to system 2 to give an additional 2.0 m m / p s .  
Exact agreement between the two multiples is not required at this 
point because the final result is dependent on the fraction-of-a- 
fringe portion that is also available from the actual records. 
The accuracy of the fringe addition process is determined 
visually by comparing the resulting velocity profiles to judge 
the correspondence in the results. 

Note that the ambiguity in the above example is not completely 
resolved because equivalent agreement could be attained by a 
simple multiple of the fringe addition. In other words, the 
fringe addition could as well have been six and four for system 1 
and system 2, respectively. The determination would then have to 
be if these operations result in clearly unrealistic velocity 
values. For typical explosive components such as detonators or 
slappers that have terminal velocities on the order of 2.5 to 4.5 
m m / p s ,  selecting VPF constants similar to thos? in the example 
will yield only one realistic set of velocity records through 
fringe addition operations. 

Fixed-Cavitv VISAR Component Acceptance Tester 

The fixed-cavity VISAR (FCV) was developed with the objective of 
simplifying the operation of the more traditional table-type 
system. To this end, the goal was to replace most of the optical 
components with a system that does not require operator 
adjustment for proper operation. In the systems mentioned above, 
most of the components are mounted in laboratory fixtures that 
permit virtually endless adjustment. This capability is not 
desirable in a production-testing environment because of the high 
level of expertise required and the potential for compromising 
the results. After several years of development, the FCV has now 
been implemented into a production tester. 
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transmitted is reflected from a small front-surface mirror 
mounted on a PZAT. The fraction of the light reflected from the 
BS passes back through the delay bar to an 1/8-wave plate. The 
plate is mirrored on the rear surface to cause the light to pass 
back through to create a total delay of 1/4-wave (90"). The two 
beams are recombined at the delay bar/BS interface, with one 
portion passing out the front of the delay bar where it is 
reflected from a small mirror adjacent to the PZAT. The second 
portion of the recombined beam travels through the delay bar and 
out the rear surface. 

The FCV module contains PM tubes and the VIS= cavity. Each of 
the PM tube fixtures has two tubes and a BS to split the light 
into S and P components. The PM tubes each have a high voltage 
input and a coaxial cable output. Light is transmitted from the 
target by a fiber optic cable, where it is expanded and 
collimated by a lens assembly on the FCV module. Adjustments are 
only required during the initial assembly for the position of the 
PM tube fixtures and the alignment of the collimating lens 
assembly. The entire module is placed in a closed box to prevent 
damage to the components. 

A second module is used to direct the laser beam into the target 
chamber and collect the light returned from the target's surface 
(Module D). The open light beam from the laser source to the 
target is contained within a light-tight enclosure to prevent 
accidental exposure. The beam is reflected by'two small mirrors 
so as to pass through a hole in the large collection mirror. The 
beam is focused onto the target placed in an explosive chamber by 
a lens (225 to 325 mm focal length). The target is placed on a 
fixture that allows three directions of motion through servo 
motor drives. The diffuse light returned from the target is 
collimated by the focusing lens and collected by the large mirror 
arrangement. Because the beam is expanded at this point, most of 
the light is reflected from the large collection mirror. A 
dichroic mirror deflects approximately 90% of the laser light 
into the telescope and fiber coupler where it is transmitted to 
Module A. The remaining 10% of the laser light and all of the 
broadband light is viewed by a standard TV camera that allows 
active viewing of the beam to target alignment. Only a minor 
portion of the return beam is lost by passing through the small 
drilled hole in the large collection mirror. The small turning 
mirrors are positioned so that this portion of the returned light 
does not enter into the laser cavity. 
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@8fringespv from the combined PM tube outputs. The tester verifies 
that the fringe patterns are of the correct frequency and phase 
relationship. It also calculates the positive and negative 
amplitudes to insure that the PM tubes are f8balanced1g. Any 
signal loss or degradation in any of the light paths will cause 
the program to halt processing and warn the operator. 

During a normal shot sequence, the operator is instructed to 
perform certain actions, such as supply the component serial 
number, verify bridgewire resistance, and actuate the firing 
button. Data reduction is fully automated to produce plots of 
the firing pulse current and voltage waveforms, shot statistics 
(i.e. function time, flyer velocity, standoff distance, etc.), 
and a determination of whether the unit passed or failed (based 
on preset specifications supplied by the component engineer). 
The program accumulates the test data and performs calculations 
to determine lot reliability and uncertainty parameters that are 
required by the Department of Energy. It then stores all of the 
information onto a removable hard disk cartridge for permanent 
retention. 
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(805) 734-8232 ext 69751 
(FAX) 734-8232 ext 58030 

Vandenberg AFB, CA 93437-6021 

Commander, U.S. Army 
White Sands Missle Range 
STEWS-NR-CE (A. Lechuga) 
White Sands Missle Range, NM 88002-51 3' 
(505) 678-41 26 (FAX) 678-3795 

UTC/Chemical Systems Division 
K. S. Lai 
P.O. Box 49028 
San Jose, CA 95161-9028 
(408) 776-4327 (FAX) 776-4444 

Vitro Corporation 
William C. Wells 
Suite 300W 
600 Maryland Ave., S.W. 
Washington, DC 20024 

Whittaker Ordnance 
Michael C. Todd 
2751 San Juan Road 
Hollister, CA 95023 
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is no different than 
ecoupling and therefore 

there are engineering solutions. 
ut the threshold may degrade post 

environmental test, especially temper- 
ature cycling. Are there plans to 
perform any test? 

Dr. Richard Craig (Spectra Diode Labs) 

As you develop a standard laser diode 
safe and arm: 

Mr. Barry Wittschen (NASA/JSC) 

1 ) The word "standard", as applied 
to a laser safe and arm may be a 
misnomer. What we are going to 
attempt to do is identify major criteria 
for system configuration, methods for 

1) How do you get input from system 
and component manufacturers? 

2) How will you distribute your con- 
cepts to the community? 

implementing inhibits, methods for 
qualifying the S&A and acceptance 
test requirements. 

2) The most critical application for 
the S&A is in flight termination sys- 
tems (FTS). FTS requirements are 
established by the range safety orga- 
nizations. The primary input will 
therefore develop through dialogue 
with the ranges and then be distribut- 
ed by the ranges in the form of revi- 
sions to their own safety require- 
ments. Additional distribution will be 
through future NASA and AlAA con- 
ferences. 

Dr. Lien C. Yang (TRW) Mr. Larry Bement (NASA/LaRC) 

Is it possible to re-adopt AS1 (Apollo No possibility exists to change the 
Standard Initiator) output charge output charge in the NSI, as it is now 
design using TiH,/KeLO, composition qualified. The TiH,/KeLO, may be 
for increasing the gaseous output? some benefit for the NASA Standard 
AS1 was extensively tested in 1960's. Gas Generator, but the ignition and 
Large performance data base exists. primary charge must remain Zr/KeLO,. 
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