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ELECTROSTATIC DISCHARGE TESTING
- OF

PROPELLANTS AND PRIMERS*

R. BruceBerry
ExplosiveProjectsand DiagnosticsDepartment

SandiaNationalLaboratories
Albuquerque,NM 87185-0327

ABSTRACT

This report presents the results of testing of selected propellants and primers to
ElectrostaticDischarge(ESD) characteristicof the humanbody. It describesthe tests
and the fixturing built to accommodate loose material (propellants) and the packed
energetic material of the primer. The results indicate that all powders passed and
some primers,especially the electricprimers,failed to pass established requirements
which delineate insensitiveenergetic components. This report details the testing of
components and materials to four ESD environments(Standard ESD, Severe ESD,
ModifiedStandard ESD, and ModifiedSevere ESD). The purposeof thisstudywas to
collect data based on the customer requirements as defined in the Sandia
Environmental Safety & Health (ES&H) Manual, Chapter 9, and to define static
sensitiveand insensitivepropellantsandprimers.

*The work describedin this report was performedby Sandia National Laboratoriesfor
the UnitedStates Departmentof EnergyundercontractDE-AC04-94AL85000.
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Section1" Introduction

The electrostatic discharge testing of thirty different propellants (powders) and ten
. primersof variouscaliberwas conductedby Department2654 (ExplosiveProjectsand

Diagnostics)as a result of a request from Departments1443 (Experimental Impact
PhysicsDepartment),and2761 (EnvironmentalTest Department). For these tests, the

• propellants included single and double based powders. Single base propellants
consistprimarilyof nitrocellulose,while doublebase propellantscontain nitrocellulose
and nitroglycerine.

Percussionprimers(also knownas "caps") serveas primersfor propellantcharges. In
mechanical percussion caps, a friction sensitive or impact sensitive priming charge
(containing, for example, mercury fulminatewith chlorates or lead trinitroresorcinate
withtetrazene) is ignitedby the mechanicalactionof a firingpin. The electric primers =i
are similarto the percussionprimers,but the anvil has been replaced by an electric
initiatingcircuit. This circuitheats the primercharge when power is applied. These
devices are intentionallydesignedto be sensitive, requiring little electrical energy to
initiate.

These materials are currently used at the Shock Thermodynamics and Applied
Research (STAR) facilityfor the initiationof single-stageand two-stage powder guns.
They are also used for custom test development and reloading at the Rocket and
DynamicTest Complex. Duringthe developmentof theirspecificsafetydocumentation,
based on the Sandia Environmental Safety & Health (ES&H) Manual[I] requirements
(Chapter 9E), the questionof humanbody electrostaticdischarge (HBESD) sensitivity
of these materialsneeded to be addressed. Review of available manufacturerdata
sheets did not provide sufficientinformationto resolve the issue. The test program
describedinthis reportwas developedand executedto provideinsightintothe HBESD
sensitivitiesof the powdersand primers. AppendixA containsa copy of the test plan
usedfor this investigation.

It was decided to test the powders and primers to the two types of ESD pulses
available. The two ESD sourceschosenwere the Sandia Standard Man Model[2]and
the Sandia Severe ElectrostaticDischarge Model[3]. Other (i.e., not human body
types) ESD threatswere not considered. Further workwould be needed to boundthe
possiblethreat levelsand thendevelopan appropriatesimulatedthreatwaveform.

This report presents the resultsof the testing and provides a rank-orderguidance of
. ESD sensitivitiesthat may exist when handlingpropellantsand primers. It describes

the tests and fixturingbuiltto accommodateloosepropellantsand the packedenergetic
material of the primer. It details resultsshowingthat all thirty powderspassed both
typesof ESD pulses and the failure of someprimersto pass establishedrequirements
to be classedas insensitivecomponents.



The following seven sections provide the technical description and presentation of
results: Section2, SensitivityDefinitionand Concerns,discusseshowthe sensitivityof
a primer of powder was defined and identifies safety concerns when using this
sensitivitydefinition; Section 3, Threat Environment,discusses the HBESD threat
environments chosen for this investigation; Section 4, Test Objective, identifies
objectivesbased on sensitivitydefinition and chosen environments;Section 5, ESD
Test Method, reviews the test methods; Section 6, Test Configurationsand Test
Fixtures, presents details on the test configurations and required test fixtures;
Section 7, Results, contains the _atafrom HBESD sensitivitytests performed on the
powdersand primers;and Section8, Conclusion,drawsconclusionsfrom the data and
identifiessafetyconcerns.

Section 2: SensitivityDefinitionand Concerns

The sensitivityof energeticor explosivedevicesand materialsto threat environments
(mechanical shock, heat, electrical discharge)can be seen in terms of its response,
from degradation in reliability, to deflagration (burning) or detonation. For this
investigation, sensitivity is defined as an observable change in the physical
appearanceof the materialor device afterthe applicationof a simulatedHBESD stress.
The primersclearlyshowedwhen they fired (go/nogo); however,powders(propellants)
were moredifficultto evaluate.

When an electrical dischargein a powderresultsin a sparkor arc, physical responses
occurthat can distortthe interpretationof the test resultsand sensitivityclassification.
During formation of the spark discharge, a high-current-densitychannel is formed
betweentwo electrodes. The currentflowingthroughthis channel results in very high
temperaturesand pressureswhich, in turn, generate a pressureshock pulse that can
be heard as a pop or bang dependingon the energy transferredthroughthe channel.
Additionally,itmay be of sufficientintensityto scatter loosepowderaway fromthe test
area where the discharge is occurring, and prevent ignition of the powder. This
scenario, which could be inferred as a sensitivity, is a test variable that must be
controlled. Determiningthe sensitivityof loose powdersrequiresdefiningthe reaction
that identifiessensitivity. It also includesidentifyingand controllingthe variables that
can influencethe sensitivity.

The evaluation of the sensitivityof the material under test may be influenced by:
configuration, density, quantity of material, temperature, humidity, and electrode
configuration. Ideally, sensitivitytests are designed to duplicate or approximatethe
actual use conditions;however,this is not alwayspossibleandwas not possiblefor this
investigation. Given that only small sampleswere available for testingand that there
are no universally accepted test standards for testing loose powders, a semi-
confinementtestconfigurationwas chosento preventthe powdersfrom being scattered
away from th_ test electrodes. The test configurationsdeveloped for powders are



describedin detail in Section6. Failure (for purposesof these tests) was definedas a
sample that had significantdamage, such as a burn of the powder or a firing of the
primer. Burn of a powderwas furtherdefined as a completeburn of the powder, and
not merelya charringor puffof smoke. The sampleswere insidea firingchamber and
could notbe viewedduringtesting,so only post-testobservationcouldbe made. This
determinationwas based on the definitionin Sandia SpecificationSS302365-00012] for
electrostaticsensitivity,whichdefines a failure as "... any device whichinitiateswhen

• subjectedto the test pulse."

In this investigation,an observed sensitivitywas correlatedto ESD simulator(tester)
parameters: (1) charging voltage, the initial voltage at which the capacitors in the
simulatorare raised prior to discharge,and (2) total energy, the energy stored in the
simulatorcapacitorsat the desiredchargevoltage.

Because powder sensitivity may be influenced by environmentalconditionsand use
configurations,the sensitivityfor an actual situation may be more or less than that
identified in the small quantity, single-configuration,testing described in this report.
Any operations involving loose powders should be assessed with these possible
dependenciesin mind.

Section3: Threat Environment

The HBESD environment has been investigated[4]at leasttwice over the past 20 years
at Sandia NationalLaboratories(SNL). In 1973, a SNL Working Group requiredthat all
future explosive devices must be designed to withstand a simulated human body
electrostaticdischarge. At that time, the best realization of the HBESD threat was a
600-picofarad (pF) capacitancechargedto 20 kilovolts(kV) and dischargedthrougha
series resistanceof 500 ohms into an explosivedevice. This representationof the
HBESD threat is knownas the StandardMan Model. Figure 1 illustratesthe equivalent
circuitand the resultingwaveformfor a 500 ohm resistiveload. This requirementwas
documentedin Sandia SpecificationSS302365-00012],which identifiestester and test
requirementsfor thisparticularESD model.

In 1988, the human body ESD characteristicswas re-investigatedby R. J. Fisher[5].
This investigationresultedinan equivalentHBESD model referredto as the Sandia

• Severe HBESD model.



i ,, , ,,, ,,, , imll • i i

[-- -- NONXnOUCrXVS

,1 5oou I CALXSeATXON
//USISTOit, _I¢ --- ,.... o

I scoez
600 pF TltST i R2 (FCIL VIBM*

i TEitllL_l.g _ $OOfl I_lO I*ULSt)

:; .... _--__ - - _1 ¢ -,.Jr)- 0

_.._

qm

NOTR, 8CKII_TX¢ ORIIATLYSIJ_PLJ_XID * TO XLLUSTRAT|
Ul_TXOIISHXI_ D|lfXNlO _JI 1,2,2 and 3,20

rx_.= z. xssz cxlcuxz vx_ CALXa_TZ,ONnsnTol
I I III __ ilmlBI I_II III MIIII II_llll Ilil I I I1| II- " t I --

10 kV

.. t I

_ ,_ trt,, $0,1 pS

t t
I I I

0

,_- • -, - • 2 _
PuLse Duration Tiump C (.uS)

r z_u z - OSSZZVZ,,Doxscnxlcacunvs,,cZoss' zx_,_m_L,UsxsToz
...... _'z,w ....,m. B I _ o_zc,._-c_-o. ,xv_ coow,oz.T_. M .u..z.

' $$3O2365, 1 UNCLASSIFIEDA ,42,3 -' l. _ _ , ,, , _ ...... , l,._trr5 _o, 5 .....
Figure 1.

Equivalent Circuit and Resulting Voltage Waveform for Standard Man ESD Test
(SS302365-000)
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This model is considered to be a better HBESD representationand a slightly more
severe threat than identified in the Sandia Specificationfor the Sandia Standard
Tester, human body (Sandia SpecificationSS302365-000). Figure 2 illustratesthe
equivalentcircuitmodeland resultingshort-circuitcurrentwaveformfor this newmodel.
The details and rationale for the new model are provided in The Electro-Static

" Discharge Threat Environment Data Base and Recommended Baseline Stockpile-to-
Target Sequence Specifications[5]. This modelhas also been accepted as a standard
requirement for explosive testing at Sandia and is documented in the Sandia
Specificationfor the Sandi_lSevere Human BodyTester for Electro-explosiveDevices,
SS392498-00013].

Althoughthe two models are similar in total stored energy at the specified voltage
levels (120 millijoulesat 20 kV for the StandardMan and 128 millijoulesat 25 kV for the
Severe), the discharge wave shapes are quite different. Thus, sensitivityrankings
based on these two modelsmay not be identical. In general, if a material or device
initiates at a level less than or equal to the standard Severe HBESD test level
(128 millijoules),it is prudentthat it be consideredsensitivewhen exposedto a human
body ESD environment. Sensitivities identified with the Standard Man ESD
environmentare useful for comparisonto other materials or componentspreviously
testedto this requirement.

Section4: Test Objective

The primary objective of this investigationwas to identify and document potential
sensitivitiesof the powders and primers to HBESD (Table 1). This objective is
supported by requirements in Section 9 of the ES&H Manual To determine this
classification,the Manual requiresthat testingin accordancewith Sandia Specification
SS302365-00012]be performed. The Manual also requiresthat the tests be carried out
usingan acceptedstatisticalapproach.

The ES&H Manual[I], in Section9, Page 9E-4, definesstaticsensitivematerialsas
"... those which exhibita discerniblereactionwhen subjectedto the test conditions
describedin SS302365-000." This specificationis usuallyapplied to electro-explosive
devices and does not specifically mention energetic materials (i.e., primers and
propellants). Another area of confusionlies in the definitionof "discerniblereaction."
This may mean a pop, bang, or simplysmoke. The shockgenerated by the electrical
discharge itselfmay be sufficientto producea pop;however, it does not mean that the

. sample is sensitive.

5



L R L
i-li B(JUY BODY HAND HAND

1___250OHMS .5 uH 110 OHMS .1 uH..... SHORT-CIRCUIT
10 pF

¢

Severe Human Body ESD Model Equivalent Circuit

A

"-" < 140 1 _ , , _ 1 , J , , i-_< 140- _- 1--', I , i _ j i' '.....
I-- " "i I-- - -
z 120

uJ _'o = 25 kV) zw 120

¢ 100 _ 100

0 80 - 80

5 60 "" "-"--
0 - 60
_: 40 - -

- o 40I--
2or- - 20

3:: 0 J t... i _ v v l J l
cO 0 4 8 12 16 20 cO 0 _ , I _ I ! I ! I t I0 50 100 150 200 250 300

TIME (ns) TIME (ns)

Short-CircuitCurrent with the EquivalentCircuit Charged to 25 kV

Figure 2.
Equivalent Circuit and Short-CircuitCurrent Waveform for the Sandia Severe Human
BodyESD Test (SS392498-000)

6



_, Table 1.
Powdersand PrimersTested

POWDERS TESTED pRIMERS TESTED

- 20 mm 30 mm BOOSTER
3"- 50 20 mm ELECTRIC
800X 30 mm PRIMER
BKN03 50 CALIBER
DUPONT SR4759 LARGE PISTOL
FFFF LARGE RIFLE
H4831 LARGE RIFLE ELECTRIC
H870 SHOTSHELL
HERCULES BLUE DOT SMALL PISTOL
HERCULES BULLSEYE SMALL RIFLE
HERCULES GREEN DOT
HERCULES HERCO
HERCULES RED DOT
HERCULES UNIQUE
IMR4064
IMR4198
IMR4320
IMR4350
IMR4895
SS255 LOT 97
W237 X4599
WA20 LOT 36
WC237 LOT X4600
WINCHESTER 2400
WINCHESTER 296
WINCHESTER 540 •
WINCHESTER 571
WINCHESTER 748
WINCHESTER 760
WINCHESTER 785



If a bang or smokeis produced,the samplemay be sensitive. The ES&H Manual also
states that "... Statisticalmethods shouldbe employed and a sample population
should be tested. Some of the devices should be tested at voltages less than the
maximum in case there is more than one mode of initiation. Some of the devices
shouldbe testedrepeatedlyin case sensitizationoccurs." It goes on to state that static A

sensitive items "... which do not pass the criteria for static-sensitiveexplosivesor
static sensitivedevices, or which are untested,must be treated as static sensitive."
This criteriawas the basisfor the test plan(AppendixA).

To ensurea statisticalmethod,a Neyer StatisticalTesting Method[6]was employedfor
the tests. This methodhas the advantageof determiningthe thresholdreactionvoltage
with the minimumnumberof samples.

The powdersand primerswere testedusingthe SandiaStandardMan (STD MAN) and
the Severe Human BodyModelTester (SEVERE) usingtwodifferentconfigurations:
standardand extended. The StandardMan tester inthe standardconfigurationis
20 kV usinga 600 picofaradcapacitor,for a totalstoredenergyof 120 millijoules.The
extended configurationis24.5 kV usinga 1200 picofaradcapacitorfor a total stored
energyof 360 millijoules. The Severe tester is normallychargedto 25 kV usinga
410 picofaradcapacitor,for a totalstoredenergyof 128 mUlijoules.The extended
configurationconsistsof chargingto 30 kVusing a 410 picofaradcapacitorfor a total
storedenergyof 185 millijoules.

To assess the HBESD sensitivityof the powdersand primers,and to complywith the
ES&H Manual guidelines,tests were performedby exposingthe individualpowderand
primersamples to electrical dischargesthat simulatedthe Standard Man and Severe
Human Body ESD environmentalthreats. In cases where sensitivitieswere observed,
the Neyer statistical sensitivitytest methodwas used. This method determines the
50% Fire/No-Fire thresholdand minimizesthe number of samplesthat are requiredto
obtain this parameter. The 50% Fire/No-Fire thresholdis defined where 50% of the
sampleswill initiateor burnwhensubjectedto the identifiedstress.

Section5: ESD Test Method

The ESD simulationsourcesused to assess the sensitivityof the powdersand primers
were the Standard Man Tester (SMT), as called for in the ES&H Manual, and the
Sandia Severe Human Body ESD Tester (SSET). The SMT and SSET are normally
operated at a maximumvoltagesof 20 kV (Sandia SpecificationSS302365-00012])and
25 kV (Sandia Specification SS392498-00013]), respectively. As described above,
these voltageswere extendedto 24.5 and 30 kV, respectively,in an attemptto inducea
responsewhen nonewas observedat 20 or25 kV.



The test procedurefor assessingthe sensitivityof the powdersand primers involved
applying the stress produced by the desired source to the test sample (powder or
primer)via a speciallyconstructedtest fixture. Additionaldetails on the fixtures are
providedin Section6. For all test samples, the current deliveredto the test sample
was monitoredwitha current viewingresistor(CVR). This measurementwas used only

" to assure that a pulse was delivered to the test object; it was not used for any
quantitativeanalysis.

,e

Sensitivitythreshold levels were determined using a bounding approach. The first
pulseapplied to a test samplewas at the specifiedtest voltage of 20 or 25 kV for the
SMT and SSET, respectively. When a responsewas observed, the Neyer statistical
testingmethodv;asused.

A powder or primer that passed the standard ESD tests was next subjected to the
maximumenergyavailable from each of the two simulators. New sampleswere used
for this testingto eliminateany influencesfrom the previouspulse. The two simulators
were reconfiguredto provide the maximumpossiblestress levels. On the Standard
Man Tester the capacitorwas changedto a 1200 picofarads and the voltage level was
increasedto 24.5 kilovoltsto achieve 360 millijoulesof storedenergy. On the Severe
Tester the voltage levelwas broughtto a maximumof 30 kilovoltsto dischargea peak
stored energy of 185 mUlijoules. If the devicesfailed the maximumESD test, then a
Neyer statisticaltestwas performed. If the devices did not fail, no further testingwas
done.

Changing the capacitor in the Standard Man model did not significantlyinfluence the
wave shape of the pulse delivered. The capacitorswere obtained from the same
manufacturerand all were ceramic, precision-type,capacitors. The major differences
between the two testers is that the Standard Man tester simulates only a body
discharge with a relatively slow rise time (1000 nanoseconds). The Severe model
simulatesa hand dischargewith a fast (1 nanosecond) rise time followed by a body
dischargewith _,slowerrise time; see Figure2. It can be inferredthat the thresholds
are dependenton not onlythe total energydelivered,but the rate at which the energy
is delivered.

Powders are extremely difficult to test with meaningful results. The containment
configuration,densityand quantity(amongother parameters)of materialwill affect the
results. The tests describedprovideinformationrelativeto the particularconfiguration;

- it may have littlemeaningto an actualconfigurationof use. The materialmay be more
or less sensitive for a given amount of confinementand the same holds true for

. changesin densityand quantity.
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Section6: Test Configurationsand Test Fixtures

Although two different simulatorswere used to test powders and primers, the test
configurationswere similarfor all cases. The test fixture usedfor the powdersand the p.

primers consisted of an adapter to the Simulatoroutput and an adjustable air-gap
discharge electrode arrangement. The fixture is shown in Figure 3. The positive
source electrode consisted of a dressmaker's pin (1.05 inches long, 0.025-inch o
diameterradius tip) attached to a micrometer,whichallowed precise positioningof the
discharge needle above a steel base plate. The base plate was 0.75 inch in diameter
and 0.5 inchthickand servedas the returnelectrode.

Connection of fixtures and the propellants and powders themselves result in the
additionof inductiveand capacitive parasiticsthat can influencethe stressapplied to
the test object. For the describedtest configurations,the connectionleads were kept
short to minimize, but not eliminate, these influences. There was no attempt to
characterize theseparasiticsor predict their influenceon the sensitivitylevels.

Section 6.1" PowderFixtureDescriptionandAssociatedConcerns

Initialtestingof the powd0rsconfirmedthat the shockpulse generatedby the electrical
discharge resulted in sca_tteringthe powderaway from the test electrodes. Figure 5
shows that loose powder configuration./T_eliminate scattering, a plastic powder
confinementcup was used. Figure6 sh6wsthe powdercontainedin the cup and the
positionof the electrodes. The cup =sa plastictube, approximately0.5 inch long and
0.25 inch in diameter, that is glued to an insulatingwasher. The washer stabilizesthe
cup on the base plate and allowsthe powderto makecontact withthe steel base plate.
•The cup was filledwith the desiredpowdersampleand leveledwith the top of the tube,
but not packed down. The needle electrode was placed directly into the cup and
powder at a distance of 50 milli-inches above the base plate surface. This
needle-base-plate distance was used in previous ESD tests performed by the Naval
Ordnance Laboratory[7].

In actual use, the powdersevaluated inthis testwouldpresumablybe used in bulkform
and not confined. In this case, a spark mightscatter the powder, thus mitigatingthe
threat. Another possible scenario might be a spark discharge delivered to a large
quantity of powder. In this case, the large quantity of the powder might be self-
confiningand a reaction could occur. The semi-confinementtest configurationused
was the best small-quantityrealization of the actual use configurationthat could be
developed. However, therewas no attemptto quantifyother parameters(temperature,
quantity,density,humidity,electrode configuration)that might influencethe sensitivity.
Thus, not knowingthese influences, sensitivitiesin actual use could be more or less
than those identifiedhere.

10
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Section6.2: PercussionPrimerFixtureConfigurationsand Concerns

The test configurationused for the percussionprimerswas very similarto the powder
fixture. In this case, the primerwas placed on the steel base plate and the discharge
needle was insertedthroughthe flash hole intothe primer,takingcare notto short the
electrodeto the primercase (Figure4). No plasticcupwas used. Some of the primers

• were supplied installedin shells. In these cases, the primerwas removed from the
shell. In the case of the 50-caliber shell, the primercould not be completely removed.
To allow access to the flash hole, the shell was machined to expose the primer.
Placingthe needle electrodethroughthe flash ho'e ensured that the ESD stresswas
deliveredto the interiorof the primer. In actual use, it is unlikelythat an ESD stress
would be deliveredin a similarfashion. The tests, performedby dischargingthe ESD
simulatorinto the interiorof the primer,served to identify the sensitivitylevel of the
materialused in the primerand notnecessarilythe primer(as an integralunit) itself.

Section7: Results

The data presentedin this report is given in termsof observed evidenceof initiationas
a function of total energy stored in the tester capacitive discharge circuitsand the
tester charging level. These parameters are useful in ranking the sensitivityof the
powderor primergiven the specified ESD environmentand configuration. The total
energyvaluespresentedmustnot be confusedwithenergydeliveredto the test object.
As shown in Figures 1 and 2, the energy must first pass through pulse shaping
elements (resistorsand inductors);the resistancein these elements will absorb some
percentageof the totalenergy. The energyactuallyabsorbedby the test objectwill be
a functionof the test objectand other circuitresistances. While the circuitresistances
are well defined, the test sample resistance will change as a function of time; thus,
quantifyingthe energyabsorbedby the test sample is difficult. To do so wouldrequire
simultaneousmeasurementof the voltage acrossand currentthroughthe test sample.
Accurat3 determinationof these parameters in an ESD environmentis difficult and
requires sophisticated, specially designed, and calibrated monitors that were not
available at the timethese testswereconducted.

" Section7.1: PowderResults

All of the powderswere exposedto the standardand extended energy configurations.
There were no indicationsof sensitivitiesfor any combinationof powder and simulator
configuration and, as a result, Neyer sensitivitytests were not performed. These
resultsindicatethat the powdersare not sensitiveto the HBESD stressenvironment,at
least for the given configurationof small quantitiesand semi-confinement. Only one

-19-



samplewas testedfor each configuration,thus,the resultscannotbe defended in terms
of a statisticalassessment. However,giventhat no sampleinitiated,there is a basisfor
consideringthat these materialsare HBESD insensitive. To statisticallyconfirm this,
additionaltestingis required.

Section7.2: PrimerResults

Primerswere testedwith the standardand extendedconfigurationsfor each simulator.
These tests resulted in several initiationsas shown in Table 2. In two cases, a
complete set of testswas notperformed(indicatedby an asteriskin the table) because
the primersinitiatedat all the lowerlevelsand the available sampleswere limited.

In one case (smallpistolprimer),there was an initiationfor the extended severe human
bodyconfigurationbutnotfor the other configurations.To coflfirmthis sensitivity,three
additionalsampleswere stressedand there were no signsof initiation. This response
suggeststhat thisdevicemay have a sensitivitycloseto the maximumoutputavailable
fromthe SSET (30 kV). This responsemay have been due to a material sensitivityor
an anomaly inthe manufacturingof this component. While this may be of concern,the
fact that there were no initiationsobserved for the other configurationssuggeststhis
primer is reasonably insensitiveto the specifiedstandardtest levels. To resolve this
issuemoresamplesmustbe tested.

The primers that did not initiate in response to the applied stresses are the 30 mm
booster,50 caliber, large pistol,largerifle, shotshell,and smallrifle. Like the powders,
these results suggestthat these devices are insensitiveto the HBESD environment;
however,only one samplewas tested, thus, statisticalsignificancecannotbe inferred
fromthe data.

-20-



Table 2.
ESD SensitivityResultsfor Primers

(Standardand ExtendedTest Levels)

POWDER STD MAN STD MAN SEVERE SEVERE
20 kV/600 pF 24.5 kVI1200 pF 25 kVI410 pF 30 kVI410 pF
120 mJ 360 mJ 128 mJ 185 mJ

30 mmBOOSTER 0 0 0 0
20 mmELECTRIC X * X X
30 mmPRIMER X * 0 X
50 CALIBER 0 0 0 0
LARGE PISTOL 0 0 0 0
LARGE RIFLE 0 0 0 0
LARGE RIFLE ELECTRIC 0 X X X
SHOTSHELL 0 0 0 0
SMALLPISTOL 0 0 0 X000
SMALLRIFLE 0 0 0 0

X=FIRE (fail) 0=NO FIRE (pass) *=NOT TESTED
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The primersthat showeddefinite sensitivityare the 20 mmelectric,30 mmpercussion,
and large rifle electric primers. To provide additional threshold information,these
devices were all evaluated using the Neyer[6] sensitivity approach. Tests were
performedwiththe SSET for the large rifle electricand the 30 mmpercussionprimers.
There were not enoughsamplesto test the 20 mm electric primerto the SSET threat.
All three primers were tested with the SMT; however, the total capacitance was
decreased to 100 picofarads(pF) because, in the standard configuration,the SMT
couldnot be operatedat a voltage low enoughto prevent initiation. Thus, to lower the
total energydelivereda smallercapacitorwas used. As with comparisonbetween the
SMT and SSET results, this modificationof the capacitance makes direct correlation
difficult. A summaryof the Neyer resultsfor the two simulatorsis presentedin Tables 3
and 4, the associatedmeasurementsare documentedin Tables 5 through9.

Table 3.
Neyer SensitivityResu=tsSummary

for Large Rifle Electric and30 mmPercussionPrimer
Severe HumanBodyESD Simulator

Primer 50% Energy Energy 50% Charging Voltage
Type Threshold* Threshold Voltage Threshold

Sigma Threshold Sigma

30 mm 610 I_J 10 pJ 3488v 188v
Percussion

RifleElectric 24.4 I_J 10 I_J 345v 277v

* Total EnergyStoredin Tester CapacitiveDischargeCircuit

It is clear when reviewingTables 3 and 4 that the 20 mmelectric,30 mm percussion,
and the large rifle electricprimersare very sensitiveto HBESD. All voltage levels are
less than 5,000 volts, which is easily achievable under routine conditions[3]. The
30 mm percussion primermay not represent a true safety hazard because the stress
was deliveredto the interiorof the device,which is very unlikelyin normalapplications.
However, tests were not performed on this or any other primerswhere the discharge
was delivered to the primercase. Given the potentiallyhigh sensitivityof the 30 mm
percussion primer, a hazard may exist. Additionaltests are required to resolve this
issue.
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Table 4.
Neyer SensitivityResultsSummary

for 20 mmElectric,LargeRifle Electric
and 30 mmPercussionPrimers

StandardHumanBodyESD Simulator,MODIFIED to 100 pF

• Primer 50% Energy Energy 50% Charging Voltage
Type Threshold* Threshold Voltage Threshold

Sigma) Threshold Sigma

20 mm 24.6 I_J 0.3 I_J 831.7v 71.9v
Electric

30 mm 850 I_J 100 I.tJ 2036v 717v
Percussion

Large 77 I_J 4 I.tJ 1247v 313 v
Electric
Rifle

* Total EnergyStoredin Tester CapacitiveDischargeCircuit

The electricprimersare clearly sensitive. In these cases, ESD levels of energycan be
injectedintothe device via the electricalconnection. This is not an unusualcondition.
These devices should be considered very sensitive to any ESD environment and
possiblyto otherelectricalhazards.

Table 5.
ESD Neyer SensitivityResults

for 30 mmPercussionPrimer,Severe HumanBodyTester

Primer 50% Energy Energy 50% Charging Voltage
Type Threshold* Threshold Voltage Threshold

Sigma Threshold Sigma

30 mm 610 I_J 10 I_J 3488v 188v

* Total EnergyStoredin Tester CapacitiveDischargeCircuit
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Table 6.
ESD Neyer SensitivityResults

for Large Rifle ElectricPrimer,Severe HumanBodyTester

Primer 50% Energy Energy 50% Charging Voltage
Type Threshold* Threshold Voltage Threshold

Sigma Threshold Sigma

Large 24.4 I_J 10 I_J 345v 227v
Rifle
Electric

* Total EnergyStored inTester CapacitiveDischargeCircuit

Table 7.
ESD Neyer SensitivityResults

for 20 mm ElectricPrimer,StandardMan Tester
(100 pF Modification)

Primer 50% Energy Energy 50% Charging Voltage
Type Threshold* Threshold Voltage Threshold

Sigma Threshold Sigma

20 mm 24.6 I_J 0.3 I_J 831.7v 71.9v
Electric

* Total EnergyStored inTester CapacitiveDischargeCircuit

Table 8.
ESD NeyerSensitivityResults

for 30 mr=iPercussionPrimer,StandardMan Tester
(100 pF Modification)

Primer 50% Energy Energy 50% Charging Voltage
Type Threshold* Threshold Voltage Threshold

Sigma Threshold Sigma

30 mm 850 I_J 100 I_J 2036v 717v
Percussion

* Total EnergyStoredinTester CapacitiveDischargeCircuit
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Table 9•
ESD Neyer SensitivityResults

for Large RifleElectricPrimer,StandardMan Tester
(100 pF Modification)

°

Primer 50% Energy Energy 50% Charging Voltage
• Type Threshold* Threshold Voltage Threshold

Sigma Threshold Sigma

Large 77 I_J 4 I_J 1247v 313v
Rifle
Electric

* Total Energy Stored inTester CapacitiveDischargeCircuit

I

Section 8: Conclusions

This investigation was undertaken to determine whether a specified group of powders
and primerswere sensitiveto an HBESD threat as specifiedby Sandia Specificatiorls
SS302365-00012] and SS392498-00013] and if potential safety hazards exist during
handlingo: these devices/materials. From the informationpresented in this document,
it may be possible to address specific safety issues concerning handling of these
devicesand materials;however,additionalinformationis requiredto definitivelyresolve
such concerns. Necessary information includes a survey of the areas where the
devices/materialsare handledto assess the threat. It also includes an evaluationof
the mitigatingfeatures that are present or could be installed. Additional testing to
obtain _tatisticallysignificantdata, where required,and/or address possiblevariations
in sensitivity thresholdsdue to in-situ configurations and conditions may also be
required.

Specifically,the results of this investigationshow that the tested powders are not
sensitive to the human body ESD environment. Some of the primers are definitely
sensitive• The insensitivityof the powdersis based on very limitedsample size and on
a uniquetestconfigurationthat maynot be applicableto the in-situenvironment.

Tests of the percussionprimersgenerallyshowa ¢_,nsitivity.The test configurationof
injecting the spark into the interior of the primer is highly unlikely in an actual
environment. The device may be insensitivedue to its physicalconfigurationof being
enclosed in a metal case. Given this consideration,it is stillevident that the materials
useOin someof these primersare very se_lsitive. It is possible,althoughunlikely,that
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a spark discharge to the exterior primer case might result in an initiation. This
configurationwas not investigatedandrequiresadditionalteststo resolvethe issues.

The electricprimersshowedvery high-sensitivitylevels (i.e., 345 volts,24.4 I_J,severe
humanbody). These devices are intendedto be initiatedby low-levelelectrical signals
and they do meet that requirement. As a result, they shouldbe considered as ESD
sensitive;a 345-volt, 24.4 I_J,HBESD is readilyachieved undermostconditions.

In general,the data acquiredinthis investigationshouldreinforcethe notionof extreme
cautionwhen usingexplosives. Althoughinconvenient,cotton clothing,ground straps,
and other mitigationtechniques would be prudent until additional in-depth sensitivity
testsand facilitysurveysare performed. Betterstill,treat all energeticsas if they were
se,_sitiveand avoidany mistakesindistraction.
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. Sandia National Laboratories

Albuquerque, New Mexico 87185

_t= May 21, 1992

t= Distribution
a

ko,,,: R.B. Berry,2514 (X5-8018)

,,,_. ESD Testingof Propellantsand Primer

Division 1543 would like Division 2514 to Electro-StaticDischarge (ESD) test three
differentpropellantsand three differentpercussionprimers. The propellantsare 3"-50
(3 mm by 112 inch, seven-perforationtriplebase chordite),20 mm powder(0.5 mm by
118 inch single-perforation double base powder), and an IMR-4064 (single base
powder). The primersare a 30 mmprimer,a 45-70 primerand a 50 caliberprimer.

Division7531 would like Division2514 to ESD test four different percussionprimers
and two differentpropellants. The propellantsare BKNO3 powderand a fine grind4F
black powder. The percussionprimersare a small rifle, small pistol, large rifle, and
largepistolprimers.

The tests will be performedon the Sandia StandardMan Model (Body model only) as
defined in the Safety Manual. A comparisonwill be done on the Severe Human Body
Model ESD tester. This tester is the hand/bodymodel.

It is proposed that the propellants and primers be tested to the standard ESD
conditions and a determinationmade if the material was initiated or not. This test
wouldconsistof testingone (1) sample,onedischargepulseper samplefor each of the
Standard Man Model and one (1) sample, one discharge pulse per sample for the
Severe Human BodyModel.

A failure for the test is defined as a sample that has significantdamage (a burn of the
powder, or a firing of the primer). SS302366-000 (ESD test specification)defines a
failure as any device (powder)that initiateswhen subjectedto the test pulse. The test
pulse is 20 kV (600 picofarad) througha 500 ohmseriesresistor,and straycapacitance
of the dischargecircuitincludingfixtureshall not exceed50 pF.

Once the baseline (standard testing)has been establishedas a go, no-go, test, it is
proposedthat the voltage (and subsequently,the current)be varied to determine the
50% tire/no-fire point for the samples. This would be accomplished by using a
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Bruceton,Neyer or Langlietype programto determinethe instrumentsettingfor testing,
andwouldalso minimizethe numberof samples.

The testing would be accomplishedby buildinga fixture to hold the powder and/or
primers. This means that primerdimensionswouldbe necessaryand the primers be
removed from the shells. The upper electrode will be placed in contact with the
powders,as thiswill preventus from havingto machinethe powders. This would be
accomplishedby building a fixture using a needle for the upper electrode, sparking
acrossan air gap (powderor primergap) to a steelcylinder(0.75 inchdiameterby 0.75
inches in length)as the base electrode. A phenolicsleeve wouldbe glued to the base
electrode (or a grove cut inthe base electrode)to contain the sample.

The testswouldbe conductedas follows.

#50% #50%
#STAND #SEVERE STAND SEVERE
MAN MAN

3" - POWDER 1 1 15 15
20 mmPOWDER 1 1 15 15
IMR-4064 POWDER 1 1 15 15
BKN03 POWDER 1 1 15 15
BLACKPOWDER 1 1 15 15
30 mmPRIMER 1 1 15 15
45-70 PRIMER 1 1 15 15
50 CALIBER PRIMER 1 1 15 15
SMALL RIFLE PRIMER 1 1 15 15
SMALL PISTOL PRIMER 1 1 15 15
LARGE RIFLE PRIMER 1 1 15 15
LARGE PISTOL PRIMER 1 1 15 15

A totalof 384 samplesto be tested.

The resultswill be given injoules (or millijoules)for the 50% thresholdfor the Sandia
Standard Man and the Severe Human Body Model tests. This will be calculatedby
0.5*C*V*V. Current versus time records will be kept for the single tests orl_y. The
single tests will also be recorded as a go, or no-go, for the standard tests. The
remainingstatisticalsampleswill be reportedin tabularform: energyversusgo, or no-
go. The voltage, capacitance, and maximumcurrentachievedwill also be recorded in
tabularformfor each test.

Documentation(pictures, schematicsof fixtures, etc.) will be provided for the set-up
and testingproceduresas partof the finalreport.
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