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A new approach is presented for predicting the mechanical functional reliability of pyrotechnic devices. The
currently accepted approach for predicting the reliability of a particular device requires hundreds or thousands of
consecutive, successful tests of very similar components. Furthermore, because no performance measurements are
made in go/no-go testing, thephysicsof failure for the device are routinely ignored.The presented approach logically
beginswith measuring,understanding,and controllingmechanicalperformancevariableswithin a device. Then the
energy required to accomplish the desired function is compared to that delivered by the pyrotechnic energy source
to determine a mechanical functional margin. Finally, the data collected in establishing this functional margin are
analyzed to predict functional reliability, using small-sample statistics. A careful application of this approach can
provide considerable cost savings and an improved understanding of component and system performance over
that of go/no-go statistics. Evaluating20 or fewer units can de� ne performance and provide reliability predictions.
The application of this approach to a pin puller used on a successful NASA mission is offered as an example.

Introduction

A LTHOUGH pyrotechnics are required to perform critical
aerospace mechanical functions, currently accepted reliabil-

ity predictions are not based on functional performance, nor are
reliability analyses statistically rigorous.

Few guidelines exist for de� ning the functional performance of
pyrotechnics.1 The current approach is to treat these explosive- and
propellant-actuatedmechanisms as black boxes without the ability
to measure and quantify performance. The only quanti� able per-
formance attribute used for statistical analyses is go or no-go; it
either did or did not function as required. Thus, this type of statisti-
cal attribute testing is blind to any and all design variables (as well
as tolerances on these variables), which actually control functional
failures; indeed, these tests are blind to the very existenceof any and
all physics of failure. Furthermore, the generallyaccepted approach
for pyrotechnicfunctionalmargin demonstrations(imposed over 30
years ago on the Gemini program) contributesnothingtoward quan-
tifying reliabilitypredictions.This approach,which requires test � r-
ingswith§15%pyrotechnicloads,was introducedto providea qual-
itative assurance that deviceswould function properly. If the device
still functionedwith an85%load,some functionalmargin is implied.
Or if it functioned without bursting with a 115% load, some struc-
tural containmentmargin is implied. As described in Refs. 2 and 3,
the §15%testingdoesnotquantitativelyde� ne either the relativeef-
fects of system parametersor actual mechanicalfunctionalmargins.
Consequently, when failures occurred4 in pyrotechnic subsystems,
the most frequently cited cause was a lack of understandingof py-
rotechnic component and system functionalmechanisms.

The statistical approach widely used in evaluating the reliability
and con� dence levels of pyrotechnicallyactuated mechanisms uses
only go/no-go functional data. The basis for this approach is simply
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the number of tests conductedon sample components;no functional
measurements or evaluations are made. Table 1 (Ref. 5) shows the
number of consecutivelysuccessfultests required for achieving two
speci� c reliability levels at three speci� c con� dence levels (reliabil-
ity of the desired reliability) no matter what statistical distribution
exists. Clearly, a requirement to increase either reliability or con-
� dence level with this approach demands the testing of larger and
larger quantities.Even at the lower reliabilityand con� dence levels,
such numbers are normally cost prohibitive.

When reliability and con� dence-level requirements are made in
speci� cations, suppliers often � rst contend that the device they are
offering has been quali� ed on another similar application. Then
they justify their ability to meet the reliability/con� dence speci� -
cation by referring to the number of successful tests they propose
to accomplish on the units to be manufactured for this particular
application and on history. The number of units manufactured in a
single, controlled group (lot) of expensive aerospace hardware of-
ten number fewer than 100 units and, therefore, contributes little
to realistic predictions of go/no-go functional reliability. Lists of
previous manufactured lots and applications of this device or sim-
ilar, quali� ed devices are provided, which implies that all previous
hardware contributestoward the determinationof reliabilityat some
con� dence level. Unfortunately,the statisticalobjectiveof using the
same units as those to be used in the desired application has been
violated: 1) The historical samples tested are not from the same
manufacturing lot, 2) previous designs often do not use the same
materials, and 3) previous designs often do not meet the same form,
� t, and function.

As an aside, statistical test methods, such as the Bruceton,6 are
used to determine the reliability of initiating pyrotechnic devices.
The reliability predictions from these tests are frequently and er-
roneously used to imply the ability of the devices to accomplish
intended mechanical functions. The capabilities to initiate and to
accomplisha mechanical function are separate entities in the under-
standing of pyrotechnic performance. Only mechanical functional
evaluations and reliability are addressed in this paper.

The quandaryfor the potentialuser of pyrotechnicsis that there is
no currentlyaccepted,standardprocedurethat providesa functional
understanding of pyrotechnic mechanisms while providing predic-
tions of reliability for speci� c manufacturing lots to be used. Also,
the cost of pyrotechnicdevicespreventsthe use of large numbers for
the accepted statistical standard of go/no-go testing for reliability
predictions.Manufacturing lots often number fewer than 100 units,
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Table 1 Consecutive successes needed
to achieve reliability5

Reliability
Con� dence
level, % 99.9% 99.99%

50 700 7,000
90 2,300 23,000
95 3,000 30,000

sometimes fewer than 20. The purpose of this paper is to provide a
methodology for predicting the reliability of pyrotechnically actu-
ated mechanical functions. The following are speci� c objectives:

1) Use performance-basedevaluation logic to provide an under-
standing of functional mechanisms, variables, and margins and to
determine the most in� uential failure-controllingperformancevari-
able for analysis of reliability.

2) Use 2–20 functionaltests from a manufacturinglot for demon-
stration of mechanical functional reliability.

This paper shows how these purposes and objectives were ac-
complished through the following experienceat the NASA Langley
Research Center: Personnel in the Halogen OccultationExperiment
(HALOE) Project Of� ce at NASA Langley Research Center were
faced with the quandary of how to treat failures2 experienced by
a second user. Two failures to properly stroke occurred in a newly
manufactured lot of pin pullers in a design that the project had se-
lected for use on their mission. This lot of pin pullers was being
manufactured by the same source, using the same drawings, as the
units planned for use on HALOE. An investigationwas conducted,
and a decisionwas made to redesignthe HALOE pin puller, conduct
another quali� cation, determine functional margin, and predict the
functional reliability of the redesigned pin puller.

The approach to predict functional reliability for the HALOE pin
puller was to 1) experimentally measure functional performance
of the pin puller during development, environmental quali� cation,
and � nal system demonstration to determine the most in� uential
failure-inducingvariable (variation in the output of the pyrotechnic
energy source); 2) determine the functionalmargin of the pin puller
in its � ight con� guration; and 3) develop a method to predict the
functional reliability of the pin puller, based on the demonstrated
functional margin.

Hardware Tested
The two componentsevaluated in this programwere the HALOE

pin puller and the NASA Standard Initiator (NSI).

Pin Puller Description
The purposeof the redesignedHALOE pin puller, shown in Fig. 1

and reported in Ref. 2, was to withdraw the 0.635-cm- (0.25-in.-)
diam steel pin into its steel body a distance of at least 1.613 cm
(0.563 in.) to release a mechanical interface. Electrically initiating
either of the NSIs, installed in the ports shown, drove the piston/pin
from left to right. The hot gases from the NSI passed through a
0.254-cm- (0.10-in.-) diam opening in the bottom of the NSI port to
the back side of the piston to provide the force to stroke the piston.
A 0.140-cm-(0.055-in.-) diam2024-T4 aluminumshearpin [356-N
(80-lbf) static strength] held the pin in the extended position until
the NSI was � red. A deep-drawn,energy-absorbing,crushablesteel
cupwas attachedto the backsideof the piston to stop thepistonat the
limit of its stroke. The cup, which had a 0.025-cm (0.010-in.) wall
thickness and was 0.635 cm (0.25 in.) deep, not only absorbs the
excess energy of the moving piston/pin but prevents piston impact
to reduce pyrotechnic shock. Also, deformation of this cup locks
the piston/pin in the withdrawn position, ensuring no rebound.

NSI
The NSI, shown in cross section in Fig. 2 and described in

Refs. 7 and 8, is an electrically initiated cartridge, which was de-
signed to produce heat, light, gas, and burning particles. Three dif-
ferent manufacturing lots were tested: the Viking Standard Initiator
(VSI), NSI lot XPJ, and NSI lot XDB; the VSI and lot XPJ were
from one supplier, and lot XDB was from another. The major phys-
ical difference among the three lots was the KClO4 oxidizer; two
different manufacturing processes were employed, yielding differ-

Fig. 1 Cross-sectional view of redesigned HALOE pin puller.

Fig. 2 Cross-sectional view of NSI.

ent particle sizes and shapes. The KClO4 used in the Viking lot
and NSI lot XDB was manufactured using a hammer mill process.
That is, the KClO4 powder was pulverized by repeated impacts of
steel hammers attached to the sides within a rotating cylinder. This
process produced an irregularly shaped particle. The average par-
ticle size for lot XDB was 10 ¹m; the particle size for the VSI lot
was much smaller. The KClO4 for NSI lot XPJ was produced by a
� uid mill process,which sprayedand dried a � uid mixture in an inert
gas environment.This process producedhighly uniform,cylindrical
particles with an average particle size of 3 ¹m.

Testing and Analysis Procedures
Tests were conducted to determine how 1) the pin puller oper-

ates, 2) the NSI powers the pin puller to accomplish the required
function,3) environmentsaffect the pin puller, and 4) the pin puller
functioned in its � nal application. An analysis used the data col-
lected to determine the functional margin and to predict reliability
of the pin puller for the � ight.

Several experimental con� gurations were used to accomplish
these tests. To determine how the pin puller operates, weight drop
tests were conducted. The output of the NSI to the pin puller was
determined by measuring pressure and energy.

Weight Drop Tests
The pin puller mechanical performance was evaluated through

measurements of force and energy by dropping 0.454-, 0.908-, or
1.362-kg (1-, 2-, or 3-lb) cylindrical weights onto the vertically
orientedpin.2;3 The impact of the fallingweighton thepin simulated
the impulsive input from the NSI. The validity of this simulation
was based on comparing the function times (at comparable energy
levels) that were achieved by the weight impact (1.2 ms) to that
achieved in actual � rings (0.4 ms); no other method has been found
that approaches this similarity while accurately controlling input
energy levels. Piezoelectric load cells were positioned under the
pin puller to measure the mechanical resistive forces during the
actuationof the pin puller.These forceswere recordedon a magnetic
tape recorder with an overall system frequency response linear to
80 kHz. The weights were guided to impact, using a tube supported
by a tripod. This approach provided for highly reproducibleenergy
inputs, measured in joules (inch-pounds) (drop height multiplied
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by drop weight). The drop height of the weight was reduced to the
minimum level required to stroke and lock the piston to determine
the energy-required value to function the pin puller. Drop heights
were increasedto determine the effectsof excessenergy beyond that
needed to function the pin puller. New energy-absorbingcups were
installed after each drop, and the amount of crush was measured.
Sliding friction, a key performance parameter, was controlled by
lubrication.

NSI Output Tests
The performance of the NSI in the pin puller was evaluated by

measuring the pressure produced and the energy imparted into the
moving piston/pin during the � ring. Pressure was measured by in-
stalling a piezoelectric pressure transducer in the second NSI port.
The data were recorded on the magnetic tape recorder, described
earlier. Two different methods were used to measure energy in the
moving mass of the piston/pin.

The energy delivered by NSI � rings was measured by 1)
the energy-absorbing cup in the pin puller and 2) an aluminum
honeycomb.2;3 After each test � ring, the pin puller was disassem-
bled, and the amount of cup crush was measured to determine the
energy delivered by the NSI in that particular test, using the weight
drop test results as the calibration.This method was used as the per-
formancestandardfor the reliabilityanalysis.The aluminumhoney-
comb provideda comparisontechniquefor the evaluationof the VSI
andtwo lotsofNSIs. Thestrokeof thepiston/pinof thepinpullerwas
transferred throughan adapter piston to the precalibratedaluminum
honeycomb. The honeycomb resisted the piston/pin throughout its
stroke to produce an energy value in joules (inch-pounds or crush
distance multipliedby crush strength). A total of 5–10 units of each
VSI/NSI lot were test � red in this con� guration. Although the hon-
eycomb provided a useful comparative method, the energy values
obtained did not represent the functioning of the pin puller in the
HALOE instrument and, thus, could not be used for the reliability
analyses.

Environmental Effect
There were 10 pin pullers subjected to the HALOE environ-

ments expected in the � ight. These tests included vibration,
constant acceleration, mechanical shock, and thermal/vacuum ex-
posures. The units were x rayed before and after environmental
exposures.The units were functionedat laboratory ambient and un-
der thermal/vacuum conditions. The units were disassembled, and
the amount of crush of the energy-absorbingcups was measured to
determine performance.

System Tests
Five test � rings were conducted with the pin puller assembled

with two NSIs and installed in the � ight instrument. Only one NSI
was � red. Two tests were conducted with the worst-case side loads
on the pin in its mating socket.After the � rings, the pin pullers were
disassembled,and the amount of crushof the energy-absorbingcups
was measured to determinehow much energy was imparted into the
piston/pin.

Mechanical Functional Margin and Reliability Analyses
At this point, following the experimental effort, the most signif-

icant failure-inducingvariable was clearly the energy delivered by
the NSI. Therefore, the analysis focused on comparing the energy
requiredto functionthe pin puller to theenergydeliveredby the NSI.

Functional Margin
Because functional margin is the energy that is excess to that

needed to accomplish the function, the following de� nition was
used:

functionalmarginD mean energydelivered ¡ energyrequired
energyrequired

D excessenergydelivered
energyrequired

Only the � ve energy-delivered data points collected in the system
test sectionwereused.The energy-requiredvaluewas obtainedfrom
the weight drop tests.

Reliability Prediction
The basis for predicting mechanical functional reliability, or the

probability of success, is to analyze the most in� uential failure-
inducing variable, energy. The energy required to accomplish the
desired function was compared to the energy produced by the NSI.
Figure 3 shows these two parameters as Gaussian distributions,
where the frequency of occurrence, or the number of times a par-
ticular energy value is obtained, is plotted on the ordinate, with
increasing energy on the abscissa. Overlap of the two distributions,
as shown in the lower curves, is indicativeof a signi� cant probabil-
ity of failure. The top of Fig. 3 indicatesa low probabilityof failure
because there is a wide separation between the two distributions
and very little overlap. Clearly, to increase the probability of suc-
cess, the performance distributionsof a device should be as narrow
(small amount of performance variation or standard deviation) and
as far apart as realisticallypossible to reduce overlap. For example,
with this assumption of Gaussian distributions and known means
and standard deviations .¾/, there is only a 0.00005 probability
that an energy value will occur outside of the tail or 3.89 standard
deviations. Only the upper tail of the energy-required plot and the
lower tail of the energy-deliveredplot affect the probability of fail-
ure. Even if the distance between the 3.89 standard deviations on
these curves is zero, the product of these two probabilities yields a
failure probabilityof less than 0.00000001.The normal distribution
curves plotted here are reasonable assumptions for the functional
performanceof mechanicaldevices, but neither the means nor stan-
dard deviations are known. The data points collected in functional
evaluations contribute to this de� nition, which can then be used to
predict reliability using small-sample statistics.The mean and stan-
dard deviation of these data points become the best estimates of the
actual values of the distributions. A second assumption simpli� es
the statisticalanalysiseven further; the energy requiredto functiona
mechanism should be so well controlledthat the distributionshould
be very narrow or, in essence, a straight line. That is, it is assumed
that the standard deviation of the energy-requiredvalue, relative to
that of the NSI, is so small that it can be ignored. Therefore, the
energy-requiredvalue is a single number that can be de� ned exper-
imentally. Thus, only the lower portion of the energy-delivereddis-
tribution is signi� cant, contributing to a one-tail statistical analysis.

As stated in Ref. 9, “Many non-statistical users of statistics are
well acquainted with con� dence intervals for the population mean
and for the population standard deviation and some are also aware
of tolerance intervals. However, very few know about prediction
intervals, despite their practical importance.” The practical impor-
tance in this case is that a one-sided prediction interval, based on
Student’s t distribution, is the simple, objective, reliability predic-
tion wanted if the distribution is normal with unknown mean and
standard deviation. That is, Student’s t analyses can predict the
probability of failure, or that an energy-deliveredvalue will be less
than the energy-required value. Figure 4 shows a log/log plot of
available t tables, created from Refs. 9–12, extrapolated to a one-
in-a-million risk (probability of failure) for several sample sizes.
Where n is equal to in� nity, e.g., the mean and standard deviation
are known, as described earlier. The ordinate, coef� cient of ¾ , a
factor that establishes the prediction interval being analyzed (how
many energy-delivered standard deviations separate the mean en-
ergy delivered from the energy-required failure point) is de� ned
as

coef� cient of¾ D mean energydelivered ¡ energyrequired

energy-deliveredstandarddeviation

The abscissa is the probability of failure; the probabilityof success
(reliability) is plotted on the lower scale. Once the mean and stan-
dard deviation of the energy-delivered sample are determined, the
coef� cient of ¾ is calculated; the horizontal intercept of that value
with the number of functional tests conducted yields the probabil-
ities of failure and success on the abscissa. The desirable result of
this analysis is to drive the solution to the left, which can be ac-
complished in several ways: 1) increasing the interval between the
energy-delivered mean and the energy-required value, 2) decreas-
ing the energy-delivered standard deviation, and 3) increasing the
number of functional tests. Notice that the sample sizes between
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Fig. 3 Statistical presentation of reliability based on comparing the energy delivered to the energy required to accomplish a desired function; the
§§ 3:89 ¾ levels for each distribution contain 99.99% of the population.

Fig. 4 Statistical presentation of small-sample predictions of the risk of failure and reliability.
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20 and in� nity produce a relativelysmall probabilitychange,which
indicates that the collectionof a large number of samples is subject
to diminishing return. Also note that because this is a prediction
of probability (failure/reliability) a con� dence level is not needed.
Tolerances have con� dence levels; predictions do not.9;10

Results
This section describes the results of the experimental and an-

alytical efforts to understand performance and predict functional
reliability of the pin puller. Detailed results are presented in the
same format as the “Testing and Analysis Procedures” section.

Weight Drop Tests
The weight drop tests revealed a considerable difference in per-

formance between unlubricated and lubricated pin pullers. An un-
lubricated interface required over 11.3 J (100 in.-lb) to accomplish
the stroke; the O-rings rolledup on their respectiveaxes, and chunks
were torn out during the stroke.

Typicalforce/time plotsof an8.5-J (75-in.-lb)drop test [a 95.3-cm
(37.5-in.) drop of a 0.91-kg mass (2-lb weight) on a well-lubricated
pin puller] are shown in Fig. 5. Two plots of the same event are
shown; the upper trace has a scale of 222 N (50 lbf), whereas the
lower hasa scale of 2220N (500 lbf). The dynamicsof the impacting
mass induced considerably higher forces as compared with static
evaluations. Instead of the static-rated value of 356 N (80 lbf) to
fail the 1.4-mm- (0.055-in.-) diam shear pin, an average force of
890 N (200 lb) was required. Instead of the static-rated value of
13 N (3 lb) of sliding friction, the force was oscillatory, averaging
95.6 N (21.5 lb). The last high-level force indication, averaging

Table 2 Energy consumption in an 8.5-J (75-in.-lb) input to the
HALOE pin puller

Energy consumed,
J (in.-lb) Derivation

1.1 (9.8) Fail the shear pin [1.244-mm (0.049-in.)
equivalent square pin £ 890 N (200 lbf)]

1.4 (12.6) Stroke [1.496 cm (0.589-in.) overall stroke
£ 96.5 N (21.5 lbf)]

5.8 (51.0) Crush the energy-absorbing cup
[0.762 mm (0.030 in.) £ 7562 N (1700 lbf)]

0.2 (1.6) Rebound of the weight
[2.0 cm (0.8 in.) £ 0.91 kg (2 lb)]

8.5 (75.0) Total

Fig. 5 Force/time history (two scales/same event) of well-lubricated HALOE pin puller with a 8.5-J [75 in.-lb (37.5-in. drop, 2-lb weight)] weight
drop test input.

7562 N (1700 lb) was induced in crushing the energy-absorbing
cup. A reasonable accounting can thus be made of the 8.5-J (75-
in.-lb) energy input, as shown in Fig. 5 and Table 2. These weight
drop tests provided a conservativeresult because energy losses due
to nonelastic deformations were ignored.

NSI Energy Output and System Tests
Table 3 shows the results of the performance of three different

lots of NSIs using the honeycomb crush tests.
Typical working pressures within the pin puller for one of each

of the NSI lots are shown in Fig. 6. The pin reached its full stroke
in less than 0.5 ms.

The energy delivered by the � ve functional tests of the pin puller
within theHALOE instrumentwere15.4,16.6,19.9,19.9,and21.5 J
(136, 147, 176, 176, and 190 in.-lb). This yielded a mean of 18.6 J
(165 in.-lb) and a standard deviation of 2.5 J (22 in.-lb). The mean
was signi� cantly less than the functional performance of the unit
outsideof the instrument,whichaveraged20.9J (185 in.-lb) (Ref. 2).

Environmental Effects
Following the exposureof 10 units from the � ight lot to quali� ca-

tion environments,the energies measured in functioning these units
were comparable to those obtained in previous tests on untested
units.

Mechanical Functional Margin and Reliability Analyses
The most in� uential failure-inducing performance variable rec-

ognized from the experimental effort on the pin puller was energy,
which was used for this analysis.

Functional Margin
The functional margin analysis progressed from simple to more

complex criteria, as shown in Fig. 7. The � rst goal of the HALOE

Table 3 Honeycomb crush energy measurements
of three lots of NSIs

Average/standard
Lot Manufacturing date deviation, J (in.-lb)

Viking 1972 11.2/2.4 (99/21)
NSI XPJ 1985 14.3/2.3 (127/20)
NSI XDB 1988 6.0/5.5 (53/49)a

aActual energy values collected2 were 2.9, 2.1, 15.5, 3.5, and 6.1
J (26, 19, 137, 31, and 54 in.-lb).
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Fig. 6 Typical pressure traces produced during � ring of three NSI lots in the HALOE pin puller, indicating the peak pressures and energies delivered.

Fig. 7 Statistical presentation of functional margin for the redesigned
HALOE pin puller; sample mean is the best estimate of the distribution
mean.

program of� ce was to require that the average energy produced by
the NSI in the instrument to be at least three times that needed to
functionthedevice.The energyrequiredto functionthepin puller,as
determined experimentally,was a highly reproducible value of 2.8
J (25 in.-lb), which was assumed to be a single-point,deterministic
value. The mean energy-deliveredvalue in the instrument was 18.6
J (165 in.-lb). Thus, the functional margin is

mean energydelivered ¡ energyrequired

energyrequired
D

18:6 ¡ 2:8

2:8
D 5:6

Even considering the minimum value of energy delivered observed
(a test in which the pin puller had been incorrectlyassembled in the
instrumentand the pinwas boundin its retentionport), the functional
margin is

15:4 ¡ 2:8

2:8
D 4:4

This value is well above the program’s minimum energy-delivered
goal of 3.

Reliability Prediction
Figure 7 shows how the data are used.The energy-deliveredmean

of 18.6 J (165 in.-lb) is assumed to be the mean of the normal distri-
bution indicated.The deterministic failure point is 2.8 J (25 in.-lb).
The coef� cient of ¾ for this � ve-unit sample is

energy-deliveredmean ¡ energyrequired

energy-deliveredstandarddeviation
D 18:6 ¡ 2:8

2:5
D 6:33

Figure 4 is used to determine the probability of failure, or the prob-
ability that the 2.8 J (25 in.-lb) value is containedwithin the energy
delivered normal distribution in Fig. 7. The 6.33 coef� cient of ¾
line intersects the N D 5 curve to yield a probability of failure of
0.2 %, or a probability of success (reliability) of 99.8 %.

Conclusions
In responseto a request from NASA, an experimentaland analyti-

cal evaluationwas conductedona pinpuller to predictitsmechanical

functional reliability. The effort logically began with testing to un-
derstand how the pin puller worked and how well it worked in the
application.The data collectedwas then used in a statisticalanalysis
to predicta successfuloperation.The approach is basedon 1) under-
standing and controlling the effects of signi� cant variables, includ-
ing environments;2) determining the mechanical functionalmargin
by measuring and comparing the energy delivered by the energy
source, in this case the NSI, to the energy required to accomplish
the function; and 3) predicting mechanical functional reliability by
applying small-sample statistics to the functional margin data.

The experimental effort to understand and control performance
variables produced results that were both surprising and expected.
Dynamic inputs (impacts from weight drops to simulate the output
of the NSI) revealed that considerablymore energy was required to
achieve the function, compared with what would be expected from
static measurements of shear pin strength and sliding friction. The
shear pin failed at approximately 890 N (200 lbf) instead of 356 N
(80 lbf). Sliding friction in a lubricated pin puller was seven times
that expectedunder static conditions.The lack of lubricationcaused
a � vefold increasein the energyrequiredto accomplishthe function,
compared with the well-lubricated interface. Special test methods
were required to measure the dynamic, impulsive energy output
delivered by the NSI, the most in� uential failure-inducingor least-
controllablevariable. In the pin puller, this energy was measured by
the amount of crush induced in calibrated energy-absorbingcups at
the end of the pin’s stroke. Another energy-measuring test series,
in which the pin stroked against calibrated aluminum honeycomb,
indicated that considerableperformancedifferencesexisted among
threemanufacturinglotsofNSIs. These differencesweremost likely
caused by variations in the particle size of the KClO4 in NSI manu-
facturing lots. The lot with the known larger particle size exhibited
the poorest combustion performance and most erratic energy deliv-
ery. The NSI lot with the highest, most consistent performancewas
selected for � ight. Environmental tests for quali� cation had no in-
� uence on performance. More energy was required to function the
pin puller when it was installed in the spacecraft, as compared with
an uninhibited � ring. This increase in energy was due to increased
friction in withdrawing the pin from the spacecraft interface. This
experimental evaluation indicated that the energy required to func-
tion the pin puller was a highly reproducible 2.8 J (25 in.-lb). The
energy delivered by the NSI � ight lot in the spacecraft averaged
18.6 J (165 in.-lb) with a standard deviation of 2.5 J (22 in.-lb).

The analysisof thesedata revealedthat thepin pullerhada healthy
functional margin of 5.6, based on comparing the mean energy de-
livered by the NSI in a sample of � ve tests in the spacecraft to the
energy required to function the pin puller. A reliability prediction
of 99.8% for successful operation of the pin puller was made with
these same data, using a small-sample, statistical analysis. It is as-
sumed the energy delivered by the NSI is a normal distribution.
Thus, Student’s t analysis can be used to predict the probability
of failure, or that the value of energy required to function the pin
puller will be larger than the energy delivered. This approach pro-
vides designers a reasonable reliability analysis with 20 or fewer
performance demonstrations in the application,which is within the
limits normally applied for quali� cation of current systems.

The application of this energy-based, small-sample statistical
approach for reliability predictions is not a panacea that can be
blindly applied to any pyrotechnicmechanism; restrictionsmust be
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recognized to ensure its appropriateness. The energy required to
accomplish the function must be highly reproducible with a very
narrow distributionof performance; if this value is not controlled, a
considerablymore complex analysis than that offered here must be
used. Also, the worst case (largest energy-requiredvalue recorded)
should be used for the analysis.All energy-deliveredmeasurements
should be made in the actual or a very close representation of the
mechanical application. Even if the statistical distribution under
evaluation is not normal, the approach recommended in this study
provides far more information on which to make � ight decisions
than that obtained from go/no-go statistical analyses.
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