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Postfire Short Circuit Phenomena of Electroexplosive Initiators

Lien C. Yang*
TRW Systems and Information Technology Group, San Bernardino, California 92408

Recent postfire electrical short circuiting of initiators in two launch vehicles has highlighted a potential problem
area for all users of electrically initiated pyrotechnic devices. A high-level firing current continues to flow during
the entire firing command (0.045-2 s), long after the initiator has functioned and the bridgewire has burned out.
This phenomenon may introduce several undesirable side effects and failure modes. A preliminary assessment has
identified a number of parameters that can affect postfire short circuiting: 1) conductivity of the burning propellant
and gases; 2) conductive, unburned fuel and residue; 3) the presence of a slurry mix on the bridgewire; 4) the
presence of a Viton binder in the propellant; 5) higher voltage levels in firing circuits; and 6) small initial volumes
in mechanisms into which initiators are fired. A compilation is presented of the data collected on this phenomenon,
and approaches are recommended to accommodate postfire short circuiting and to conduct additional diagnostic
testing for possible corrective actions.

Nomenclature
/ = firing current or current drawn by the initiator(s), A
/ = time from beginning of application of current to the

bridgewire(s) of initiator(s), s

Introduction

POSTFIRE short circuiting of direct current, electrically actu-
ated initiators has long been recognized as a potential problem

area in launch vehicle and spacecraft applications. Specifications
have been generated for both electrical initiators and firing systems
to help reduce the occurrence of this phenomenon. However, data
collected on past NASA standard initiator (NSI) qualifications, an
NSI-derived cartridge, and NSI equivalents on two recent launch
vehicles indicate that postfire short circuiting remains an impor-
tant issue.

Postfire electrical short circuiting occurs in direct-current firing
systems, when the level of current remains constant or increases
after the propellant within an initiator has ignited and burned. This
level of current is sustained throughout the duration of the elec-
tronically timed firing pulse, which has been set in launch vehicles
from as little as 0.045 s to as much as 2 s. The cross-sectional view
of the NSI in Fig. 1 shows the path of the electrical firing signal.
The current enters one electrical pin, passes through the bridgewire
[a 0.0051-cm- (0.002-in.-) diam stainless-steel wire], and goes out
the second electrical pin. A 5-A direct-current input to the NSI typ-
ically ignites the propellant adjacent to the bridgewire within 1 ms.
The bridgewire burns within that time period, and the current soon
decreases to zero. However, postfire short circuiting allows this 5-A
current draw to be sustained, which can introduce several deleterious
side effects.

1) The time frame for initiating multiple initiators in parallel elec-
trical circuits can be increased. If the current draw remains high in
one initiator after functioning, that current cannot be transferred to
parallel initiators to accomplish more rapid initiation of the remain-
ing units.

2) The electrical batteries can be depleted more than necessary.
The greatest influence occurs with batteries that are shared in a
common bus with other subsequent usages.

3) The electrical pins through the initiator body can melt and
allow internal hot gases to vent, which could lead to failure of rocket
motors and mechanisms.
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4) A number of electrical system failure modes can be introduced.
High-current draws on electrical circuits can damage resistors and
batteries, as well as overload and weld mechanical contacts or stress
solid-state relays.

MIL-STD-1512 (Ref. 1), the specification applied in the 1960s,
required the initiator to exhibit a postfire open circuit (less than
0.05 A at 28-V dc). However, this standard has been superseded
by MIL-STD-1576 (Ref. 2), DoD-E-83578A (Ref. 3), and AFR
127-1 (Ref. 4), which eliminate this requirement and allow relays,
fuses, or current-limiting resistors to protect the firing systems. The
NSI specification5 still contains a requirement for a postfire 0.05-A
electrical current limitation. Although some manufacturers strictly
adhere to NSI manufacturing procedures for NSI equivalents, others
have made changes based on customer requests, the relaxation of
postfire electrical inspections, and the interest of economy. Also,
because drawings and assembly procedures are usually not part
of procurement packages, much of this information is considered
proprietary.

NSIs and NSI equivalents were created to provide the electrical
ignition interface for a wide variety of pyrotechnic applications.
Prior to the Apollo program, NASA, recognizing the myriad prob-
lems being encountered with initiators, decided to create and uti-
lize an NSI. The NSI was derived from the dual bridgewire Apollo
standard initiator (ASI) and the single bridgewire Apollo standard
initiator (SBASI). NASA Johnson Space Center (JSC) has the man-
agement responsibility for production and distribution of the NSI to
all government agencies and their contractors. Each manufacturing
lot of NSIs is certified to meet a -251°C (-420°F) functional re-
quirement; without this certification and rigorous quality assurance
documentation, no other initiator can be an NSI. NASA policy re-
stricts the sale or transfer of Government property for private use or
exposure of the Government to a shared liability for the success of
a commercial project. Therefore, commercial launch vehicle man-
agers requested NSI equivalents, which were subsequently accepted
for U.S. Air Force sponsored programs. The intent was that the NSI
equivalents met the same form, fit, and function, including the same
output charge, as the NSI, and were thus interchangeable. However,
a number of postfire short circuits have occurred with the use of NSI
equivalents in several recent launches. Because the initiator firing
circuits in these vehicles were designed with current-limiting resis-
tors or could accommodate heavy current loads, the phenomenon
did not cause electrical system failures. The phenomenon was rarely
observed in ground-test firings because the complete electrical sys-
tem and explosive devices were not used in these tests.

The purpose of the effort described in this paper is to provide infor-
mation on experiences of postfire and electrical short circuit anoma-
lies, to consider the causes, and to recommend corrective actions to
reduce the opportunity of such occurrences. The approach for the ef-
fort was to compile and analyze the direct-current firing data for the

586



YANG 587

ELECTRICAL
PIN

PROPELLANT
SLURRY

M9mm-1.Omm THREAD
(3/8 in-24)

EPOXY
WASHER, INSULATING

-CUP, CLOSURE

-DISK, INSULATING

-DISK, INSULATING

-BRIDGEWIRE
DISK, SEALING

EPOXY SEAL
BOTH PINS,

BODY ASSY-/ /
Zr/KC104 PROPELLANT /

114 • 4 may
(2 INCREMENTS)
1.49-1.51 cm REF —•

(.586 - .596 in)

Fig. 1 Cross-sectional view of NSI.

NSI, the NSI-derived gas-generating cartridge (NGGC) (a cartridge
with the NSI electrical interface), and NSI equivalents, which are
used on the U.S. Air Force sponsored Multi-Service Launch System
(MSLS) and Atlas Centaur launch vehicles.

Description of Initiators and Applications
This section describes the initiators evaluated in this study: the

NSI, the NGGC, and the NSI equivalents with their applications.
Common to all these initiators/cartridges is the closed-bomb test

used for lot acceptance. The initiator is fired into a 10-cm3, cylindri-
cal, closed volume (approximately 1.9 cm in diameter and 3.2 cm
long). This volume is at least an order of magnitude larger than
those normally found in pyrotechnically actuated devices. Prior to
the 1980s, a second closed bomb with a 0.5-cm3 volume test was re-
quired for the NSI. As given in Sec. 1.3.3, Output Pressure/Function,
of Ref. 5, the initiator shall be designed to produce the following
pressures and/or function time under the following conditions.

1) A pressure of 4.48 x 106 ±0.85 x 106 Pa (650 ± 125 psig)
in a 10-cm3 volume within a temperature range from —162.2 to
+ 148.9°C (-260 to +300°F) should be produced.

2) Time to reach 3.62 x 106 Pa (525 psig) in a 10-cm3 volume
shall not exceed 0.01 s from -162.2 to + 148.9°C (-260 to +300°F)
as measured from application of the current (5-22 A dc from — 162.2
to -54.4°C, 3.5-22 A from -54.4 to +148.9°C, or with capacitor
ignition circuits).

3)Priorto 1992, a minimum pressure of 3.45 x 107 Pa (5000 psi)
is required in a 0.5-cm3 volume at a pressure of 10~6 torr from
-162.2 to + 148.9°C (-260 to +300°F). (This requirement has
been deleted.)

Unfortunately, as described in Ref. 6, closed-bomb tests do not
represent the conditions encountered in pyrotechnically actuated
mechanical devices, such as small initial free volume and piston
stroke. The combination of small and changing free volume, de-
creasing pressure and expanding surface area to increase heat sinks
has a dramatic effect7 on the combustion process of the propellant.

Three additional differences in the application of NSIs and NSI
equivalents should be highlighted: 1) NSIs on the Space Shuttle use
capacitor firing circuits, in which postfire electrical short circuiting
would not occur due to the short-duration pulse. 2) The NASA JSC
managers of the NSI recommend that the NSI not be used as the sole
energy source for pyrotechnic mechanisms, as are NSI equivalents.
Thus, in the Space Shuttle, NSIs are fired into large (0.5-10 cm3 or
larger) volumes or into booster charges, whereas the NSI equivalents
are applied directly to mechanisms that contain volumes that are
much less than 0.5 cm3. 3) In most NASA applications, parallel
firing of multiple initiators is prohibited.

NSI
The NSI, as shown in Fig. 1, is the unit of choice for NASA

and some Department of Defense programs, required for the Space

Shuttle vehicle, and the recommended unit for Shuttle payloads. A
0.0051-cm- (0.002-in.-) diam, 304 stainless-steel bridgewire pro-
vides a highly controlled l-£2 resistance for the heat source to
initiate the zirconium/potassium perchlorate propellant. This pro-
pellant, which contains 5% Viton B binder and 1 % carbon, is highly
stable and has a fast reaction rate. Intimate contact between the
bridgewire and propellant is assured through a slurry preparation
process, painted and cured on the bridgewire. The left end of the
housing is a standard electrical connector with a number of key way
configurations to reduce the opportunity for mismatching connec-
tions.

To date, approximately 200,000 units have functioned success-
fully. Special manufacturing procedures provide several advantages.
The size of the production lots are usually large, 1500 units mini-
mum. The numbers of sample units tested for lot acceptance are also
large, 154 units, resulting in more thorough testing. These produc-
tion lots allow dedicated engineering and quality personnel more
time for detailed monitoring of production.

NGGC
The NGGC8 was developed to deliver a greater output than the

NSI. It utilizes the same housing and bridgewire interface as the
NSI, including the slurry mix. However, the output charge consists
of 0.04 g of zirconium/potassium perchlorate and 0.09 g of a gas-
generating propellant. The NGGC is initiated with a direct-current,
200-V power supply; the voltage and current-limiting resistors can
be s$t to provide constant-current inputs at preset levels. The NGGC
as yet has no applications.

NSI Equivalents
Two major launch vehicle programs use standard initiators that

are based primarily on the NSI. The two NSI equivalents in this
study were manufactured by Hi-Shear Technologies. Hi-Shear uses
a company-standard housing, the PC23, which is modified to meet
customer requirements and given a dash number for each configura-
tion. For example, the unit that most closely matches the NSI (with-
out the NASA certification process) is the PC23-23. The Hi-Shear
part numbers for each unit, along with the differences from the NSI,
are described as follows.

PC23 Used on MSLS
This initiator was procured as PC23. No detailed requirements

were made on the electrical initiation interface or the zirconium/
potassium perchlorate propellant formulation. Therefore, because
any PC23 type was acceptable, four or five different available lots,
including different dash numbers, were provided. Two PC23 ini-
tiators are used in each of four 0.95-cm (|-in.) and eight 1.27-
cm (i-in.) separation nuts and one isolation valve for the MSLS.
Also used were separation thrusters that employ PC 178-1 cartridges,
containing dual, l-£2 bridgewires. The applications in the mission
require 3,4, and 6 initiators to be fired in parallel. The working vol-
ume within the 1.27-cm (|-in.) nut is 70% greater than that of the
0.95-cm (|-in.) nut. Each electrical firing circuit employs a 28 ±4
V battery with current limiting resistors to provide 5.5-A, 0.045-s
gated pulse for each bridgewire. The currents drawn in each of the
redundant firing systems on the MSLS were measured during flight
and transmitted to ground recorders.

General Dynamics Standard Initiator Used
on the Atlas Centaur Vehicle

The General Dynamics standard initiator (GDSI), part number
55-07261-1 (Hi Shear PC23-34), is identical to the NSI, except
there is no slurry on the bridgewire, the first increment of propellant
against the bridgewire contains no Viton binder, and the pin con-
figuration in the connector is slightly different. The devices used
on this vehicle are similar to those on the MSLS. Again, a 28-V,
5.5-A, current-limited pulse is provided. However, the gated firing
pulse duration is 2 s. Firing currents were measured in flight and
transmitted to ground recorders.
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Study Procedure
Functional data on the available postfire short circuit phenomena

for the NSI, the NGGC, and each of the NSI equivalents in each
respective application were collected and reviewed. The potential
causes for the observed short circuit phenomena then were analyzed,
based on each particular configuration.

Results
The results of this effort are presented in the order: the NSI, the

NGGC, and the NSI equivalents.

NSI
Direct current, closed-bomb, lot acceptance data on over 1000

firings of ASI and SBASI (predecessors to the NSI),9'10 indicated a
difference in postfunctioning decay of current between firings in 10
and 0.5-cm3 closed bombs. It should be noted that the firing system
used in these tests was a solid-state system, which maintained the
preset current level, as the resistance at the bridgewire interface
changed, until the 50-V limit voltage was exceeded. As shown in
Fig. 2, for the 10-cm3 bomb firings, the current at 3.5 A decreased
exponentially to zero in 0.002 s after bridgewire burnout. The current
in the 22-A firings dropped to zero in 0.0003 s after bridgewire
burnout. However, in the 0.5-cm3 bomb firings (Fig. 3), the current
decays were 0.0077 s for 3.5 A and 0.0097 s for 5 A; the 22-A firing
trace indicated an 8-A current draw at 0.00043 s, at which time it
exceeded the recorder's time limit.

Electrical conductivity between the electrical pins occurs during
the combustion of the zirconium/potassium perchlorate propellant.
The following observations have been made. The burning of the zir-
conium/potassium perchlorate produces a highly conductive plasma
and creates a temporary short circuit between the pins and between
the pins and the initiator body. The level of voltage available in the
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Fig. 2 Single ASI/SBASI firing current traces in 10-cm3 bomb tests.
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firing system has a significant effect; when the bridgewire burns
away, the full voltage of the firing source appears across the pins
to drive an electrical current through the plasma. Conductivity is
further enhanced when two cartridges are fired simultaneously in
redundant devices. As long as the gases remain hot, conductivity
continues. Firing into smaller volumes, as described in the pre-
ceding paragraph, produces higher pressures and requires longer
times for the gases to cool. The products of combustion of a stoi-
chiometric zirconium/potassium perchlorate (ZPP) composition are
nonconductive solids, ZrC>2 and KC1, and gaseous CC>2 (due to the
5% Viton and 1% graphite additives). The ZrO2 and KC1 can only
be gases in the vapor state at thousands of degrees in temperature;
they quickly condense on the cool walls of the containment vol-
ume. However, because the composition is formulated to be fuel
(zirconium) rich, the unburned zirconium is highly conductive.

Fuel-rich mixtures were selected to achieve a fast burn rate. The
dissimilarity in particle size (zirconium 1-8 /zm vs potassium per-
chlorate 15-20 i^m) increases the opportunity for heterogeneity,
reduces physical fuel-to-oxidizer contact, and ultimately yields fuel-
rich residue. Heterogeneity is further exacerbated by the differences
in material density (zirconium is 6.5 g/cm3 and potassium perchlo-
rate is 2.52 g/cm3). The presence of unreacted zirconium is virtually
inevitable. The addition of 5% Viton and 1% carbon slows the burn
rate and enhances the opportunity for more complete combustion.

Ignition, burn rate, and combustion efficiency are dramatically
affected7 by the size and shape of the volume into which the NSI
is fired. The ZPP formulation is very sensitive to ambient pressure
and the thermal conductivity of the housing materials. The higher
the pressure and the lower the thermal losses (as provided by small
initial free volumes), the faster and more completely it burns, an
avalanching effect. Large volumes induce lower ignition and com-
bustion efficiencies, but do allow the burning material to be expelled
from the NSI to reduce the opportunity of zirconium deposits on its
electrical pins.

The presence of a bridgewire slurry mix could have an affect on
postfire short circuiting. The slurry, being the first to ignite, could
assist in the expulsion of the main portion of the propellant load
and the reduction of combustion residue from the electrical pins,
particularly in large initial free volumes.

NGGC
As described in Ref. 8, the NGGC exactly duplicated the electrical

ignition characteristics of the NSI. At higher current levels (15 and
20 A), however, a number of postfire short circuits were observed.
These short circuits can be attributed to the high voltages applied (up
to 200 V) and to firing into devices with small initial free volumes.

PC23intheMSLS
Although the electrical initiation characteristics of the PC23 were

normal (comparable to Fig. 2) during 10-cm3 bomb firings for lot
acceptance testing, actual flight data showed otherwise. In the first
flight of the MSLS, firing circuit A was free of postfire short circuit-
ing, whereas the identical redundant circuit B had severe shorting.
A current trace for the firing of three PC23s in parallel in system A
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Fig. 3 Single ASI/SBASI firing current traces in 0.5-cm3 bomb tests.

Fig. 4 Current drawn in firing three PC23s in parallel in MSLS, flight
1, system A: two PC23s in two 0.95-cm (|-in.) nuts and one PC23 in
an isovalve.
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Fig. 5 Current drawn in firing three PC23s in parallel in MSLS, flight
1, system B: two PC23s in two 0.95-cm (|-in.) nuts and one PC23 in
an isovalve.
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Fig. 6 Total current drawn in three MSLS flight 1 firing circuits:
a, four PC23s in two 0.95-cm (| -in.) and two 1.27-cm (\ -in.) nuts; b, four
PC23s in four 1.27-cm (|-in.) nuts; and c, two PC23s in two 1.27-cm (\-
in.) nuts and four PC178-1 bridgewires.
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Fig. 7 Single GDSI 5-A firing current trace in a 10-cm3 closed-bomb
test.

is shown in Fig. 4, where very little postfire current draw occurred.
All three of the units in system B short circuited (Fig. 5), to draw
5 A each, or a total of 15 A of current. After the initial current
decrease, indicating the bridgewire burnout, the current stayed at a
high level throughout the firing command of 0.045 s. Figure 6 shows
three current draws in three sequential events: Curve a shows the
current drawn for four PC23s in parallel in two 0.95-cm (|-in.) and
two 1.27-cm (|-in.) separation nuts, indicating transient shorting
and finally complete shorting of all four PC23s for the duration of
the 0.045-s gated pulse. Curve b shows no indication of shorting
of four PC23s in four 1.27-cm (|-in.) separation nuts. Curve c has
no indication of shorting of two paralleled PC23s in two 1.27-cm
(^-in.) separation nuts and in one bridgewire each of four PC178-
1-actuated thrusters. Subsequent flights experienced more shorting
in 0.95-cm (|-in.) separation nuts than did the 1.27-cm (^-in.) sep-
aration nuts with the 70% larger internal working volume. Again, it
must be pointed out that several lots of PC23s were used on these
missions; the possibility exists that more than one PC23 type was
used (with and without a slurry and with and without a Viton binder).
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Fig. 8 Total currents drawn in firing three parallel GDSIs in Atlas
Centaur flights.

GDSI in the Atlas Centaur
The GDSI exhibited postfire short circuiting in 10-cm3 closed-

bomb firings in lot acceptance testing, as shown in Fig. 7. The con-
stant current firing circuit used in these tests was a solid-state system
that could control the current level until the voltage source of 28 V
was exceeded. The firing level was set at 5 A for the 0.006-s gated
pulse, but the system was clearly unable to control the level once
the bridgewire burned out and short circuiting occurred. In seven
of the last eight flights, some of these initiators experienced post-
fire short circuiting for the entire 2-s duration of the firing signal.
Figure 8 shows three traces of the currents drawn in flight with
three GDSIs fired in parallel. The first trace indicates all three units
experienced postfire short circuiting to draw 16.5 A shortly after
bridgewire burnout. The second trace indicates intermittent and, fi-
nally, a complete short circuit of all three units. The bottom trace
indicates that only one unit shorted to draw 5.5 A. The lack of Vi-
ton in the GDSI propellant was the likely leading contributor to
short circuiting. This lack of Viton resulted in a composition that
exhibited a higher initiation sensitivity, a faster burn rate, a higher
combustion temperature, and higher electrical conductivity in the
burning material and postcombustion residue.

Conclusions
This study has documented and analyzed the occurrence of post-

fire short circuiting of the electrical initiators used in pyrotechnically
actuated devices. This short circuiting not only can degrade the per-
formance of the pyrotechnic devices but also can affect the electrical
firing circuit itself. Both can potentially degrade the success of flight
programs. The current levels drawn from 28-V firing circuits in two
launch vehicles, utilizing two different NSI equivalents, indicated
that short circuiting occurred frequently. Several parameters affect
postfire short circuiting: 1) Highly conductive plasma and hot gases
are generated during the burning of the zirconium/potassium per-
chlorate propellant, causing conduction between the electrical pins,
as well as between the electrical pins and the initiator body. 2) The
propellant is fuel (zirconium) rich, which leave deposits of conduc-
tive, unburned fuel and residue. 3) The presence of a slurry mix on
the bridgewire apparently assists in jettisoning conductive, unburned
fuel and residue. 4) The presence of a Viton binder in the propellant
enhances combustion and reduces the amount of conductive un-
burned fuel and residue; in contrast, the lack of Viton causes a more
rapid combustion and higher conductivity of the burning gases and
propellant residue. 5) Higher voltage levels in firing circuits force
greater conduction through the plasma and hot gases of burning pro-
pellant. 6) Small initial volumes in mechanisms into which initiators
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are fired induce more vigorous and more complete combustion, as
well as higher, longer duration pressure pulses to prolong conduc-
tivity. Although the electrical interface to the propellant of the NSI
was not totally immune to short circuiting in this evaluation, the two
types of NSI equivalents exhibited a much higher sensitivity to the
listed parameters. The most likely cause is the lack of a slurry mix on
the bridgewire and elimination of the Viton binder. Although there
is apparently a low-frequency occurrence of postfire short circuiting
with the NSI electrical interface (only observed with high-voltage
firing systems), this study can offer no guarantees. The parame-
ters in manufacturing and applications could eventually produce the
conditions that allow postfire short circuiting.

Recommendations from this study fall into two categories: cop-
ing with the potential of postfire short circuiting of initiators and
investigating the opportunities to reduce this phenomenon.

Users of any electrical initiator should be aware of the potential
for experiencing short circuiting and should design and demon-
strate that their systems can accommodate this phenomenon. The
electrical initiation characteristics of initiators should be evaluated
in the actual pyrotechnic mechanisms, using the actual electrical
circuits intended for flight. Capacitor-discharge firing circuits with
short-duration gated pulses will reduce the possibility of current
overloads and long-term conduction.

To reduce the opportunity of postfire short circuiting through
initiator redesign, further investigations are needed to determine the
effects of the six parameters listed here.
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