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design and development of electroexplosive subsystems to preclude hazards from
unintentional initiation and from failure to fire. These requirements apply

to all subsystems utilizing electrically initiated explosive or pyrotechnic
components.
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l.1 Purpose The purpose of this document is to insure the safety of
personnel, launch site facilities, and space vehlcles from the hazards

resulting from eleccroexp1031ve subsystem unintentional initiation or faiiure
to fire. The requirements and test methods *ontfined in this document are not
intonded ta incnre all cx'lonf--—r\cxvn‘lnn;‘ya cithevetam narfAarmanrcra ryantiramantga
intended to insure all electrocexplosive subsystem performance requirements
except 1n those cases where failure to perform would create a hazard to the

items listed above. The electroexplosive subsystem is composed of all
components from the power source to, and including, the EED (electroexplosive
device); Safe and Arm devices, Arm/Disarm switches, relays and all electrical
wiring used to monitor, control, arm and fire ordnance are specifically
included. This Standard applies to all space vehicle systems {e.g., launct
cles, er stages, b P ds, and ted sy n

o avwrl Aa alara
Swagcoy Oy payivauo, aillu LCLGLC

1.2 Test Methods. The test methods described herein have been prepared to:

a. Specify laboratory test conditions for electroexplosive subsystems
and components which will produce test results that are equivalent to
those which would be experienced in the actual operational environ-
ment and which will permit reproducibility of test results.

c. Provide Test Method 2208 as a Standard method for RF dudding
evaluation if required by the procuring activity.

1.2.1 Revision of Test Methods. Revisions of each test method shalil be

Tm At natrad has —ntrriosnn niimhar £FAllAcrsrno Ftha moathAad mismhas Ay nvamnla tho
dlluroeac u U} a LT VADLULL nuiivc e LUl LUWLI[B (S § 4 -9 Hi< L i1vuu LU T L o L vl TAQUIp/LT [ § L)
first revision of Test Method 1101 would be 1101.1, the second revision would
be 1101.2, et cetera.

1.3 Application. This Standard is applicable to the entire electroexplosive

subsystem life cycle, up to the time when the electroexp1031ve subsystem no
longer presents a hazard to personnel, launch site facilities and manned or
reusable e systems. This Standard alsoc applies to expendable launch
vehicles wh ch present these types of hazards.

a. This Standard is intended to be used by procuring activities for
establishing all of the electroexpiosive subsystem safety
requirements to be included in specifications for the design and

development of new hardware for new or old space systems.

b Th i 5

government safetv organization for

used hardware on new space

of new hardware on new or ol
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c. This Standard is not intended to be used by procuring activities for
establishing all of the performance (as opposed to safety)
requirements to be included in specifications for the design and
development of new ordnance system hardware for new or old space

systems, but it can be used to establish many electroexplosive
subsystem performance requirements. This Standard does nct address
elements of e‘r1031ve trains which exist beyond an EED, except for
S&A configurations.

d. This Standard is intended to be used by space system procuring

activities in lieu of MIL-STD-1512, "Electroexplosive Subsystems,
Electrically Initiated, Design Requirements and Test Methods.'
MIL-STD- 1511 contalns requlrements appllcable to non—Space syscems,

nnnnnnnn ~A . <
buLll as d.LLLLdLL WCdellLy, dllu lldb lIUL UCCII. DUPCLLCUCU y LllLb

1.4 Minimum requirements. When the scope and magnitude of a program does not
warrant imposition of all the requirements specified herein, the procuring
activity shall obtain approval from the appropriate government safety
organization(s) and shall specify to the contractor the minimum acceptabie
program requirements.
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DOD-E-83578 Explosive Ordnance for Space Vehicles,
General Specification For (3.1.38, 4.5.1,
6.9.1, 6.9.2)

STANDARDS
_ Federal

FED-STD-228 Cable and Wire, Insulated; Methods of
Testing (5.2)

FED-STD-595 Colors (5.12.6)

Military

MIL-STD-202 Test Methods for Electronic and Electrical
Component Parts (Method 1111)

MIL-STD-410 Nondestructive Testing Personnel
Qualification and Certification (Eddy
Current, Liquid Penetrant, Magnetic
Particle, Radiographic and Ultrasonic)
(Method 1404).

MIL-STD~453 Inspection, Radiographic (Method 1103)

MIL-STD-1167 Ammunition Data Card (4.6)

MIL-STD-1168 Lot Numbering of Ammunition (4.6)
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MIL-STD-1512 Electroexplosive Subsystems, Electrically
Initiated, Design Requirements and Test
Methods (1.3.d, Appendix 50.2.1, 50.2.1.3)
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MIL-STD—-1547 Technical Requirements for Parts, Materials,
and Processes for Spacecraft and Launch
Vehicles (6.8.3)

DOD 5154.4S Ammunition and Explosive Safety Standards
(6.5)

DOD ADL-TD-3 DOD Authorized Data List (6.11)

AFTC 11A-1-47 Explosive Hazard Classification Procedures
(6.5)

(Copies of specifications, standards, drawings, and publications required
by contractors in connection with specific procurement functions should be
obtained from the contracting activity or as directed by the contracting
officer).

2.2 Other Publications. The following documents form a part of this standard
to the extent specified herein. Unless otherwise indicated, the issue in
effect on date of invitation for bids or request for proposal shall apply.

M E- Determining Image Quality in Thermal Neutron
Radiographic Testing (Method 1404)
SNT-TC-1 Personnel Qualification and Certification in

Nondestructive Testing (Method 1404)

(Application for copies of ASTM publications should be addressed to the
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s 1 adal~ [ s oo 101Nn1?)
J.Ldu P Ld rCllllDyLlelLd LZLUD ] .
M-C2210-1 Monograph on Computation of RF Hazards,

Monograph M-C2210-1, Franklin Research
Center (Method 4303, Appendix 20.)

(Application for copies of this publication should be addressed to the

Franklin Research Center, 20th Street and Race, Philadelphia,
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W. J. Dixon and F. J. Massey, ''Introduction
to Statistical Analysis,' McGraw-Hill, N.}
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N.Y., L7317« (Methoa 24
"Statistical Analysis for a New Procedure in
Sensitivity Experiments,' Bruceton

Laboratory, Princeton New Jersey, July 1944
(Method 2203) (Reference Only)

Technical society and technical association specifications and standards
are generally available for reference from libraries. They are also
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3.0 DEFINITIONS
ms used. The folliowing are definitions of terms as used in this

Arm/Disarm (A/D
or mechanlcallv actuated switc
explosive tiring circuits. A/

explosive train.

\ 4

e An Arm and Disarm Device is an electrically

m 1
which can make break one or more electto—
cal

Device.
h or
D devices do not physi ly interrupt the
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3.1.2 Arm Plug. A plug that makes the firing circuit continuous when
inserted 1n a connector.
st

nce elemen

a t w
element at the
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1
electroexplosive device which is the final electrical
electrical/explosive interface.

34.1.3 RBrideoewire, A hridgpm‘irp 18 defined as a res

3.1.4 Catastrophic Hazard. A catastrophic hazard is a hazard that has the

I g oy
poten ntial tor personnei fatality, loss of launchn site facilities, or loss of
reusable or manned launch vehicles. This definition also applies to
expendable launcn vehicles which present these types of hazards.

3.1.5 Conductive Mix. A conductive mix refers to the thermal conductivity of
the prime mix ot an EeD. Prime mixes with high thermal conductivity are used
to conduct heat away from a bridgewire to permit higher no fire current
levels. See paragraph 3.l.b.

3.1.6 Conductive Mix EED. A conductive mix KEED is one that does nnt use a
bridgewire of any type. The firing power flows through the mix elf and
neats the mix directly for firing.

3.1.7 Critical Hazard. A critical hazard is a hazard that has the potential

for personnel injury, damage to launch site facilities, or damage to reusable
or manned launch vehicles. This definition also applies to expendable launch

vehicles whicin present these types of hazards.

3.1.8 Dudding. Dudding is the process of permanently degrading an electro-
xplosive device to a state where it cannot perform its designed function.

3.1.9 Electroexplosive Device (EED). The electroexplosive device is the
first device in an explosive train which is designed to transform an

electrical 1np into an explosive reaction. Detonators, electrical matches,
squibs, Bxpl 0611g Bridge Wire (EBWs) devices, and electrical initiators are
avamnlacec nt FFDe
examples ot EEDs.



3.1.10 Electroexplosive Subsystem (EES). The term electroexplosive subsystem
is intended to include all components from the power source to, and including,
the EED. Safe & Arm devices, Arm/Disarm switches, relays and all electrical

wiring used to monitor, arm and fire ordnance functions are specifically

inc luded
inciuged.

3.1.11 Electromagnetic Environment. Electromagnetic environment is defined
as the electromagnetic energy (radiated and conducted) to which the electro-
explosive subsystem will be subjected.

2 1 11 E 1T a2
3.1.12 Exploding
defined as an 1

ridgewire (EBW) Device. An exploding urlugew1re device is
roexplosive device in which the bridgewire is designed to
eg IQCQd) by a high energy electrical discharge which in

,,,,,,,,,, Latlldl gy
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turn causes the explosive charge to react.

3.1.13 Exploding Foil Device. An exploding foil initiator shall be
considered to have the same functional characteristics and requirements as the
exploding bridgewire device except that the explodlng foil accelerates a disc
which strikes and shock-initiates the explosive mix.

3.1.14 Explosive Train (Explosive Transfer Assembly). An arrangement of a
series of explosive or combustible elements used to perform or transfer energy
to perform an end function. When an explosive train is used to transfer
energy from one point to an end function it may be called an "explosive
transfer assembly'.

3.1.15 Firing Circuit. A firing circuit is composed of the firing source
circuit, the firing output circuit, the firing control circuit and the monitor
circuit. (See Typical Firing Circuit Diagram, Figure 1).

3.1.16 Firing Control Circuit. A firing control circuit is defined as that

part of the electroexplosive subsystem which actuates the arming and firing

- . o m . T T . S 14 T TN e IR \
devices. (See Typical Firing Circuit Diagram, Figure 1).

3.1.17 Firing Output Circuit. A firing output circuit is defined as that
part of the firing circuit between the EED and the switching device which
causes the EED to fire. (See Typical Firing Circuit Diagram, Figure 1).

3.1. 18 Firing Source. A firing source is defined as the junction in the

elect al system which provides energy to EED loads exclusively. This source
is typi cally a dedicated ordnance bus. (See Typical Firing Circuit Diagram,
Figure 1).

3.1.19 Firing Source Circuit. A firing source circuit is defined as that
part of the firing circuit from the firing source to the firing output
circuit. (See Typical Firing Circuit Diagram, Figure 1).

3.1.20 Host Vehicle. Space systems consist of host vehic!=s and payloads, 1in
other words, carriers and the items to be carried. For example, the first
stage of a launch vehicle is the host vehicle for the second stage; the second
stage of a launch vehicle is the host vehicle for the third stage; etc.
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3.1.21 1Isolation Filter/Isolation Filter Connection, Radio Frequency (RF).

a. I

solation Device: Any device which prevents conduction of electro-
magnetic energy into a shielded system. Selection of isolators take
into consideration the variation in source and load impedances with
frequency and physical placement of the isolator in the system.

b. Absorbtive Device: A type of isolation device that precludes
propagation of electromagnetic energy through the device. The
minimum isolation provided by such a device is 1ndependent of the
source and load impedance for the device. A conventional filter or
other device can be used as an absorbtive isolator provided that the
rated minimum isolation is independent of source and load impedances.

3.1.22 Maximum No-Fire Level. Maximum no-fire level is defined as the
maximum DC or RF level at which an electroexplosive device shall not fire with
a probablllty of .999 at a confidence level of 95 percent as determined by

o A

~ 2 )
estingl.

Test Method 2203 \DrucetOﬁ

r

3.1.23 Minimum All-Fire Level. Minimum all-fire is def

e
\Q-

ned as the least DC
current which causes initiation with a probability of .999 at a confidence

level of 95 percent as determined by Test Method 2203 (Bruceton testing).

w
rr

3.1.24 Monitor Circuit. A monitor circuit is defined as that part of the
electroexplosive subsystem which indicates the status of the firing circuits.
(See Typical Firing Circuit Diagram, Figure 1).

3.1.25 NASA Standard Initiator (NSI). An EED approved or supplied by NASA
with the part number SEB 26100001.

3.1.26 Non-Standard Parts, Materials and Processes. A part, material, or

process other than program standard parts, materials, and processes as defined

I T A ¥
ifi JeleJ0e.

3.1.27 Optical Coverage. Optical coverage is the percentage of the surface
area of the cable core insulation covered by a shield.

3.1.28 Payload. Any item which is carried upon a host vehicle which is not
an integral part of the host vehicle.
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3.1.29 Production Lot. A roip

_______________ 8 g1

$ : e
size fabricated at one place in a continuous manufactu
same tooling and the same material batches.

3.1.30 Rotor Lead. An explosive component used in some S&A designs to
N z s PN ~ e . . a 3 . . N .
transrer detonation trom the EkD to the next explosive charge 1n the train.
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performed or supported by the electroexplosive subsystem which can cause a
critical or catastrophic hazard either by inadvertent firing or failure to

fire.
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3.1.32 safe and Arm (S & A) Device. These devices provide for a) mechanical
1nterrupt10n (safe) or allgnment (arm) ot the exp1051ve traln, b) electrical
1 (canfa) Ae Amnmann

interruption \dec; or connections \arm} of the rlrlng CerUIC, and C)
shorting and grounding of the EED leads in the safe mode.

3.1.33 Safe Plug. A plug that shorts EED pins together and connects to
ground through a resistor which provides electromagnetic and electrostatic
protection as appropriate. Safe plugs, by definition, are used in conjunction
with Arm Plugs.

2.1 3 Cafao/Arm Pluo Cafao/Avrm nlito 36 a cinocle nliioc which whan i1matralled 3o
e e JT valLc/niliun 1 Lué- valic/aniu PLUE Lo a oS L ls].t.‘. P.Lus wliililCll nell 1iIstLtdadaiilcu 1o
intended as an Arm Plug and when removed, built-in features of the firing
circuit perform the same function as a Safe Plug.

3.1.35 Safety Device. A safety device is a device which by interruption of
the firing circuits or explosive train is intended to prevent the inadvertent
ignition of any explosive device prior to its intended operation. The
following are safety devices: safe and arm devices, safe/arm plugs, arm/

As o Qurs &~
disarm devices, switc

3.1.36 Service Life. The service life of an explosive component begins with
the successful completion of acceptance testing and extends through its final
usage or disposal.

3.1.37 Single Point Ground. A single point ground is a feature of a power
Aiatrrihiirinan natwarl uharain aarch ~randnctivaly 1er\] ato r‘ cooment (1
UiAOoULLi LAVUuL LULL U LwuLln WIICLC.I.I.I cawvil \—ULIUULLLVCLJ I.CII.\., EASF LA \a.-vc 3

transformer-coupled or supplied from a separate source) of the distribution
network has only one physical connection to ground. A 10k ohm or greater
resistor placed between a circuit segment and ground does not violate the
single point ground concept.

3.1.38 Solid State Relay. A semiconductor device with isolated input and

—- et Al mmmsmnatbac bher mmanme AE AlAambanrmtn mmmmemmrambta amd st thAarit mAarrino
output wiiicn UPCldLUb v inedlis L CcleCLrioulllce coupoucurs anud 1L0uce wuviug
parts. Its primary function is to open and close electrical circuits in
response to electrical controlling signals to effect the operation of other
devices in the same or another electrical circuit.

3.1.39 Standard Parts, Materials and Proc
material, or process 1s one which

sses.
tely de ined by and meets the
-1 PR B

engineering requirements of this § from:

a. The parts as defined by MIL-STD-1546, or

b. Parts, materials and processes certifiable to specifications listed
in the general equipment specification DOD-E-8983 or ordnance
specification DOD-E-83578, or
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3.1.40 Static Bleed Resistor. Resistors which are placed between firing
circuits and ground to prevent the build-up of static electricity on circuits.

2 1 /.1 Q. tabhna AamAd DAl asso ML v Ancet mmm mmmm ~ea o~ o L2 %a L PR
Je Letl OWLLULLIES dild RELAYSe. inese devices open or C10se C1lrculls wien dceea
nunon by external stimuli such as electrical sional nhvgical force. material
uyuu. U] CAaLwiLiiiga A7 W AU A A L= AT AN Y Qo A w i AvG s Ua-bllua.’ t’lllu‘.\ou‘. AVaENw-y AEERE b e A A8 &
proximity, etc. These devices are normally contained in safety devices, but
may be used independently for making or breaking (interrupting) the firing

e
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Those general requirements not peculiar to electrical components of
electroexplosive subsystems shall be in accordance with applicable
Standards as specified by the procuring activity.

Electroexplosive subsystems shall meet design requirements under
specified environmental conditions. Environmental conditions are
specified in either the individual design requirements or in test
requirements. When designing to meet the environmental conditions in
test requirements, one must consider not only a specific test method,
but also the environmental conditioning the device receives due to
the sequence in which test methods are accomplished.

]

4.2.1 General Requirements. The design of an electroexplosive subsystem

performing a safety critical function (as defined in paragraph 3.1.31) shall

tolerate
the foll

a.

a minimum number of credible failures or operator errors according to
owing criteria:

If loss of function is safety critical or catastrophic, the design of
the electroexplosive subsystem shall preclude single point failures

and shall 1nc1ude at 1east two electroexp1031ve devices (EEDs).

If inadvertent firing is safety critical, the design of the electro-
explosive subsystem shall provide a condition such that no single

tallure or 31ngLe operator error can cause a critical hazard and no
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4.2.2 Implementation. This Standard shall be used to prepare requirements

for inclusion in contract work statements. The contractor shall impose all
requirements on his subcontractors, suppliers, and vendors to the extent of
applicability.

a.

Safety devices shall be used i

provide an electrical interrup
source.

each electroexplosive subsystem to
and its firing
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Safety devices shall be designed to be reversible (i.e., from the arm
tical functions. This

Yaomsteramant anmenldac 2~ Ao 2lt ane ha amtteratad st e -~
AdTyuliicuclt applies Lo a4 V.I.Ll-:b Ltnat Cdn ve dCtlvaitcu prior Lo
AanlAaumant Fram a manned vahirsrlae and in anv situation in which
aepioyment Irom a manneda venicie, and 1in any situation 1in
danger to personnel and property exists.
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S&A devices, or EBW firing units as well as other devices intended to
interrupt the explosive train, shall be used to prevent inadvertent
Solid Rocket Motor ignition and destruct initiation.

4.2.3 Extent of Applicability. Each provision of this Standard shall be
considered as applicable to each EED and subsystem.

a.

Requests for deviation, waiver, or suppleme ntary requirements, shall
be individually submitted to the procuring activity for approval.

wholly or in part, of valid de31gn, ana1y51s, test, or other such
valid activity already specified by the procuring activity, those
requirements, functions, and efforts shall be identified and utilized
in demonstrating compliance with the respective requirements

specified herein. Duplication is not required.
The design and testing of electroexplosive subsystem elements hich
have been previously approved shall require an evaluation for each

subsequent usage. This is of particular concern with respect to
previously approved EEDs (e.g., the NASA Standard Initiator) and S&A

devices. Subsequent usage of prev10usly approved devices shall
require a comparison of the device's design and test specifications
with this Standard's design and test requirements. This comparison
will yield three categories:

1. Agreement between a design or test specification of the

previously approved device with the corresponding
requirement of this Standard, and documentation to that

effect.
2. Disagreement between a design or test specification of the
previously approved device with the corresponding

requirement of this Standard (e.g., the NSI does not meet
the insulation resistance requirements of this Standard nor
do all NSIs go through the complete acceptance test program
in Table III or through the aging or surveillance test

program of Tables IV or V). Additional testing {(of each
manufacturing lot) shall be conducted to comply with the
requirements of this Standard or documentation of the
procuring activity's unconditional approval of each

]
£
=

3. Comparison i can only be made between the device's
design and test specification and the procuring activity's
design and test requirements for each application (eag.,

to demonstrate environmental surv1vab111ty of the NSI in a
particular application or the NSIs case material may not be
compatible with its mating connector in a particular

application). Documentation that the intended application

ER P La
is within the design and test requirements of the

in
previously approved device is required.
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d. Requirements herein, that are relative to unintentional initiation,
shall be applicable to all electroexplosive subsystems, unless

otherwise specified by the procurlng activity. If inadvertent
U S . S - i banl€ amd a1l Ad mAt rasira a
1AMiLidiioIl 1S 110U LeLy™ I.J.ledl. J.ll iLS€1LL aiid wiulil Ve rc{uiic a
hazardous activity (e.g., vehicle demating) to be performed as a

result of that inadvertent initiation, these requirements need not
apply. Requirements herein that are relative to failure-to-fire

shall be applicable only if the resulting non-function is safety
critical, unless otherwise specified by the procuring activity.

Ao A~

e. The design and test requirements imposed by this Standard are
applicable for all low voltage hot bridgewire initiators, but are not
11 :
4 L
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(EBW) devices, Exoloéfhg Foil devices, Percussion Act ated dev1ces.
etc. The procuring activity will tailor this Standard and impose
additional requirements for the design, selection and test of these
items. These items may be considered for use, but they shall not be
selected for use without prior approval and direction from the
procuring activity.

a v
Sy c-s., Lap

licte hotwuoan thie daciimant and athor divrection 1in the contract
e NILiA1CCS6 CEUWEEN Talis 4GClumenu and ouncy CGilredlilon 1Int i Lontriace
chall he hraouncht to the attention of the nrocuring agencv for
snaiil be Drought To the altfention 0 D 14 24 ¥
resclution.

4.3 Bonding. The DC bonding resistance between connection points of the

shielded system, metallic enclosures, and structural ground shall be 2.5
miliiohms or less.

4.4 Electroexplosive Subsystems Electromagnetic Compatibility (EMC).

4.4.1 Inadvertent Activation.

a. The electroexplosive subsystem shall be designed to limit the power
produced at each EED by the electromagnetlc env1ronment actlng on the

T+ 2NAD L - -~ - M ne
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b. The electroexplosive subsystem shall be designed to limit the power
produced at each device in the firing circuit that can complete any
portion of the firing circuit to a level at least 6dB below the
minimum activation power for each of the safety devices.

4.4.2 Direct Coupling to the EED and EES. EED's shall not fire in either the

. . Y b mran meds Aiis b~ Aisant Aninline ~nf tha cnorified
pin—-to—pln or the pin—Lo—Caseé mOd€ Gue€ L0 alrecc Coupiiilg UL tuc opetisivs
electromagnetic environment into the EES.



4.5 System Effectiveness Requirements.

Parts, Materials, and Processes (PMP). All PMP for use in the
cture of electroexplos ve subsystems shall comply with the requirements
; of this Sta an come under the cognizance of the
hor
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a. Ordnance PMP. All ordnance PMP used in electroexplosive subsystems
shall comply with the requirements as specified herein. Ordnance PMP
which is not explicitly controlled by this Standard shall comply with
the requirements and provisions of DOD-E-83578 or the approved PMP
contractual document.
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1-Ordnance MP. All non-ordnance PMP used in electroexplosive
subsystems shall comply with the requirements of

2)  MIL-STD-1546 or the Approved PMP Contractual Document, or
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in that order of precedence.

4,5.2 Program PMP Selection List. The contractor shall ensure that all PMP
used in the electroexplosive subsystem are included in the program approved
PMP selection list. When a program approved PMP list is not required by
contract, the contractor shall maintain a list of PMP used in the electro-
exp1051ve subsystem and this list shall be approved by the procuring
activity. The approved PMP list shall distinguish between Program standard
and non-standard PMP. Non-standard PMP shall be handled in accordance with

paragraph 4.5.4.

4.5.3 Program PMP Approval. When it is determined by the designer that the
design of the electroexplosive subsystem required by the contract cannot be
accomplished with program approved PMP, the designer shall take action to have

the required PMP added to the program approved list (See 4.5.2). Approval of
newly identified items shall be obtained using guidelines controlled by and
procedures specified in MIL-STD-1546 or as otherwise specified by the
procuring activity. Requests for approval shall include engineering analysis
and test reports demonstrating that the newly identified item has performance,

rn]!nh111f‘u and aunalityv char tire caticfacrtory far tha intandad
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ann]lcat]nn. Contractor- nrpnared snpo1f1cat10ne and qn9c1f1cat1on changes for

_____________________ ey

PMP shall be reviewed and approved per the requirements of MIL-STD-1546 or
otherwise specified by the procuring activity.

4.5.4 Non-Standard PMP Approval. Non-standard PMP shall not be used unless
approved per the proceaures established by MIL-STD-1546, or as otherwise
actahlichad hy +tha nra ring actiulty

cCoLAQuiiLoucu U] Luc PLU u L "5 alL L L J.L.y.



4.5.5 Life.

a. The electroexplosive subsystem shall have sufficient service life to
ensure reiiabie operation at the appropriate points in the mission

b. The contractor shall identify age-sensitive parts and materials and
submit a surveillance plan to the procuring activity for review and
approval. This plan shall address periodic surveillance requirements
of age-sensitive parts and materials for service life requirements.
The expected EED service life shall be demonstrated in accordance
with Table IV or Table V.

495.6 Reliabilitv, The deslgn rp]lab1|1rv of the a]nnfrnovp]nc;ua enhcyerum
y- 1he design reliabilat Oof the electr gexXxplosive subsystem
shall be at least .999 (with 90 percent confidence based on the chi-square

statistic of the ratio of the variance of the sample lot to the population
variance) for safety critical functions both for the condition where (a)
failure-to-fire is a hazard, and (b) inadvertent firing is a hazard (see
paragraph 6.6).

Nt M A con ~AE AT i kabn Aol nn mn anmmansnce b Iiele o a3 el D
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evaluated by the procuring activity on a case-by-case basis.

4.5,7 Materials Compatibility. All materials (metallic and non-metallic)
including detonable, deflagratable, pyrogen, and propellant substances shall
be compatible with each other and with the components, materials, and

cnemlcaLs which they could contact. For continued exposure to the predicted
........... | PR [ I rhnens 2ball WA A AA.‘..AAAQ-1—\.-. I -\n.-C mmAVIAA AW
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increased sensitivity which may result in a hazard.

4.5.8 Human Factors. The electroexplosive subsystem shall be designed to
enhance functional performance and to minimize hazards to personnel involved
in assembling, transporting, installing, remov1ng, maintaining, and testing
systems lﬂVOlVlﬂg the use O[ electroexploslve aev1ces. AS a mlnlmum the
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a. Ensure all circuits are capable of being physically disconnected
between the ordnance device and its power supply as close to the
ordnance item as possible throughout all phases of ground operation.

b. Ordnance items and associated circuitry shall be accessible to
faciliitate electrical checkout and final el

ectrical connection as
late as possible in the spacecraft or vehicle processing sequence.
c. Safe and arm indications on S & A devices shall be visible in a
completely assembled configuration.
d. Safing pins shall be capable of installation into, and removal from,

a completely assembled spacecraft or vehicle.
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Ordnance circuits shall be capable of being manually safed during any
phase of ground operation.

If the S & A is to undergo a cycling verification test during any
phase of ground operations, there shall be a capability to access and
disconnect the explosive train from the safe and arm device.

4.6 Traceability. In order to provide traceability of explosive components
from manufacture through usage or disposal, numbering of components shall be

per MIL-STD-1168 and documented per MIL-STD-1167. Equivalent numbering
systems may be used if approved by the procuring activity.

_18_
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5.0 DETAIL DESIGN CRITERIA

Power Source.

a.

(e}

Separate and dedicated power distribution points shall be used for
the electroexplosive subsystem firing sources. A firing source can
share the same power source with other loads, but all currents
fiowing from the firing source point shall be for firing circuits
only.

If the host vehicle supplies power to the Firing Source Circuit, one
of the following options shall be employed:

1)  The return side of the Firing Source Circuit shall not be
grounded on the payload side of the interface, and shall be

]
PP BN _ — n N - A -
isolated from payload structure by at least 10k ohms measured at
1.5 times the bus voltage or greater, or equivalent isolationm.

2) Isolation transformers shall be employed in the Firing Source
Circuit to provide at least 10k ohms isolation between the
payload return circuit and the host vehicle return circuit when
measured at 1.5 times the bus voltage or greater.

h
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shielded from the EED back to a nninr in the firing circuit at which

isolators eliminate RF entry into the shielded portion of the

system. Isolators which provide 20 dB attenuatlon (regardless of
source and load impedances) at all frequencies of the expected
electromagnetic environment shall be considered acceptable. The
adequacy of the RF protection provided by these isolators can also be

_____ ) L. & o= .y
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= (3 o
[s7) prLLLLL iSage (i.e., cie
necessary nrorprrlnn e

onnF1onrnr1nn of unghielded
circuits connected at this point and
environment).

Cable shielding shall provide a minimum of 85 percent of optical
coverage. The method for determining optical coverage shall be 1in
acconrdanca with RPENaQTN-228 A+ pnf‘n"ﬂ‘ QrnanifFirnarin NNae-R-578
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With the exception of cable shielding there shall be no gaps or
discontinuities in the shielding, including the termination at the
back faces of the connectors, nor apertures in any container which
houses elements of the firing circuit.

onnector shall provide 360° continuous
gaps.
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but may be multiple-point grounded to structure.

5.3 Shield‘ng Caps. All electroexplosive devices and safe and arm devices
shall have shielding caps attached during storage, handling, transporting, and
installatlen' The h 1Adine ran chall havea a enlid metal Antor shell which

o
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makes electrical contact with the EED case in the same manner as the mating

connector for the EED.

5.4 Cables.

a. Electrical cables may be fabricated such that several electro-
explosive subsystem circuits are contained in a common shielded cable
bundle, provided that the requirements of paragraph 5.7.2a are met.

b. There shall be no splices used to join elements of ordnance cables.

c. A connector shall be provided wherever mating or demating of a
circuilt 1s required.

d. All cable runs shall be routed as close to metal structure as
feasible.

5.5 Insulation Resistance.

a. All current-carrying components and conductors shall be electrically
insulated from each other and system ground.

b. The insulation resistance between all insulated parts, at a potential
of 500V, minimum, DC, shall be greater than 2 megohms after exposure
to the environment specified herein. (For the NSI, the potential
shall not exceed 250V, DC and only one 250V, DC test shall be
permitted. All other NSI testing should be at 50V, DC).

5.6 Post Firing Short-Circuit Protection. Electroexplosive subsystem shall
include positive protection for line-to-line and line-to-ground shorts which
may develop within a fired EED. Relays, fuses or current limiting resistors
may be used to satisfy this requirement.
5.7 Firing Circuits.
5.7.1 Wiring.

———

a. Shielded twisted pairs shall be used unless other configurations can

be shown to be more effective.
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b. Any grounding of the firing circuits shall be done at one point
only. The return pacn, on ali circuits, shall be selected to

- el

on tne Llrlng circuilt return

c. Ungrounded firing output circuits shall be connected to structure by
static bleed resistors.

d. Structural ground shall not be used as return for ordnance circuitry.

= Mha acnciiaann At aamiis s obhall e PR ~Aam o~ s b aAanlratr
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contacts.
f. The design shall preclude sneak circuits and unintentional electrical
paths.
5.7.2 Electrical Isolation.

a. Firing circuits that do not share a common fire command shall be
p]pv rica]]v isolated Frnm one another such that current one

no-fire current level in any firing output circuit.

b. Control circuits shall be electrically isolated so that a stimulus in

Se i e <any L& ST Lils

separated from all other type

5. 7.1 Phvugcical annratinn, Fi
)

5.7.4 Electrostatic Protection. Electroexplosive devices shall be protected

from electrostatic hazards by the placement of resistors from line-to-line and
from line- to-ground (structure). The placement of line-to-structure static

bleed resistances is not considered to violate the single-point ground
requirements of this Standard as long as the parallel combination of these
resistors are 10k ohms or more.

5.7.5 Monitor Circuits (Portable or Built-In).

a. Application of operational voltage to the monitor circuit shall not
compromise the safety of the firing circuit nor cause the

n]nl‘f‘rr\nvnl Nneiwva o
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b. Monitoring currents shall be limited to one-tenth of the no-fire
current level of the EED or 50 milliamps whichever is less.

c. Monitor circuits and test equipment that applies current to the
bridgewire shall be designed to limit the open circuit output voltage
to one volt.



5.7.6 Control Circuits. It must be demonstrated that command and control
interfaces with the host vehicle that are used for any arming or firing

Fianetiang avla

functions in the payload cannot be actuated or triggered by return currents
flowing in the host vehicle or payload structure. Use of differential drivers
and receivers, transformers or optical couplers, or other floating control
circuits are possible means of accomplishing this.

5.8 Connectors.

mo__ b T S a1 1

5.8.1 Type. All connectors used with the electroexplosive devices shall:
a) be approved by the procuring aLLivity, b) have a stainless steel shell or
suitable electrically conductive finish, c) complete the shell-to-shell
connection before the pins connect, and d) provide for 360° shield continuity.
5.8.2 Pin Assignments.

a. The circuit assignments and isolation of pins within any EES circuit

connector shall be such that any single short circuit occurring as

result nF a hent nin or contamination will naot recult in more than
resuitc a teénct pin concamination wiia. NCT resu.slt 1n mere oanan

milliamperes or one-tenth of the no fire current whichever is less
applied to any electroexplosive device.

N
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b. There shall be only one wire per pin, and in no case shall a
connector pin be used as a terminal or tie-point for multiple

connecti ions.

c. Spare pins are prohibited in connectors which are part of firing
output circuitry.

5.8.3 Locking. Connectors shall be selected such that they are not subject
to demating when exposed to the maximum anticipated environment. Connectors
that twist and lock into position are preferred.

5.8.4 Mismating. Firing circuit connectors shall not be capable of being
mismate

5.8.5 Separate Connectors. Where redundant circuits are required to meet
fault tolerance requirements, separate connectors shall be used.

5.9 Firing Switches and R

~
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a. Electromechanical and solid-state switches and relays shall be
capable of delivering the maximum firing circuit current for a time
interval equal to ten times the duration of the intended firing pulse.

b. These switches and relays shall be capable of breaking the post-fire
short circuit current without exceeding any steady-state or transient
limits of the solid-state or electromechanical device used.

c. The use of a solid-state device to provide isolation between the

firing circuit and ground/structure requires specific approval from
the procuring activity.



5.10.1 Mounting. Relays that are series inhibits shall be mounted on axes to
minimize the potential of vibration or shock activating more than one of the

5.10.2 Mechanical Integrity. The EEDs, when installed in higher level
devices such as pin pullers, wire cutters, gas generators, etc., shall be

designed to withstand the maximum back pressure from the operation of these

5.11 Electroexplosive Devices Electrical Design Requirements.

5.11.1 Hot Bridgewire.

,,,,,,,,,,,, k

and 1 watt power (minimum) for a period of 5 minutes (minimum
duration without initiation or deterioration of performance
(dudding). The DC no-fire shall be determined by Test Method 2203

(Bruceton Test) at room temperature (25 degrees C). The EED should
he L..—\1A e U A PPy S 4 4 -
d )

! d
to withstand a constant direct current flrlng pulse of up to 1 ampere
)

be held in a mounting device to minimize heat transfer away from the
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0.1% firing level (with 957 confidence) is 1 ampere or more.

b. EEDs shall not fire, dud, or deteriorate in performance as a result
of being subjected to an electrostatic discharge of 25,000 volts from

a 500 picofarad capacitor applled in the pin-to-case mode with no
serles resistor and in the pin-to-pin mode with a 5K ohm resistor in
caripoc FFDe u1ging an external spark eap roanire procuringe activitv
ASE S CTOe Lo uDLlls aii CALC llal Pall\ 5 k’ LC\.‘UL‘.C PLV\-UL&IIG QL avavy
approval.

5.11.1.2 Minimum All-Fire Current. The minimum all-fire current levels as
determined by Test Method 2203 (Bruceton test) shall be at 99.9 percent firing
level with a 95 percent confidence level.

1.3 Capacitor Discharge Firing. The requirements for determining the
o charactprlqtlcq nF EEDs to be used in ranar1rnr d1qrharop F1r1no

5.11.2 Carbon Bridge EEDs. Electroexplosive devices using carbon bridges are
prohibited.

5.11.3 Conductive Mix EEDs. Conductive mix EEDs that do not utilize a
bridgewire are prohibited.
5.11.4 Temperature Endurance.

a. EEDs shall not autoignite when exposed to thermal environments that

r\On A e A

are 30 above the maximum predicted temperature during worst case
service life.




b. EEDs shall not decompose when exposed to thermal environments that
are 30°C above the maximum predicted temperature and 10°C below the
minimum predicted temperature during worst case service life, if
decomposition or failure to function can create a hazard.

5.12 Safe and Arm (S&A) and Arm and Disarm

(A/D) Devices

7 S e

5.12.1 Electrically Actuated.

a. These devices shall incorporate a means of remote electrical arming
and disarming from any barrier position.

c. The devices shall not be capable of being manually armed, but shall
be capable of being manually disarmed.
n the selected
ut the application

e
o

e. There shall be no current flow exceeding 2 milliamperes in the disarm
or safe command circuit during the arming cycle nor in the arm
command circuit during disarm or safing.

)
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5.12.1. yclic Life. All electrically actuated electroexplosive subsystem
devices shall be designed to withstand repeated cycling from the armed to the
disarmed positions for at least 1000 cycles without any malfunction, failure,

or deterioration in performance. During this cyclic period, the devices shall
be capable of being manually disarmed after any cycle.

5.12.1.2 RF Susceptibility. The protection for the EEDs shall be provided by
a metallic enclosure which provides 360 degrees of coverage.

5.12.1.3 Electrical Arming and Safing Time. The time required to a

ng an 1fing Time. Th m rm
safe a safe and arm device, electrically actuated arm and disarm devi
other approved safing and controlling device(s) shall not exceed 1 se
after application of the actuation signal.
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5.12.3

5.i2.3.1
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Mechanically Actuated S&As

These devices shall incorporate the same features as electrically
actuated devices except that arming and safing is performed
mechanically. Normally these dev1ces are armed by a lift-off lanyard
or by stage separation. Electrically actuated devices shall be used
unless justification for mechanical actuation is provided and

approved by the procuring activity.

These devices shall be designed to withstand repeated cycling from
the armed to the safe position for at least 300 cycles without
malfunction, failure, or deterioration in performance.

Safety Provisions.

S&A Safety Provisions. The provisions that follow apply to all

devices using mechanical barriers.

a.

8e

The safe and arm device shall contain a mechanical safety barrier

between the EED and the explosive train when the S&A is in the safe
(disarmed) position.

In the safe (disarmed) position, inadvertent ignition of the EED
shall not result in ignition or detonation of the subsequent
explosive elements including any explosives within the S&A. This
shall be demonstrated during the development stage using three
mechanically and explosively similar devices in the 50 degree from
safe position for rotating barriers and m1dway between the safe and

+ha a o d Aacl

the armed position for sliding barriers in accordance with Barrier
Test Method 2410.

Test Method 2410.

In the safe (disarmed) position, both power and return lines shall be
disconnected.

disarmed) position, the EEDs shall be shorted and
ort ould be gfounueu through an appropriate re n I
sisto (s) remain connected to the firing circuit in the arm
osi

tion, it shall be a minimum of 10K ohms.
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Establishing and breaking circuit continuity, and shorting and
unshorting of the electrical initiators shall be accomplished by

actuation of the device to align and disalign the EEDs with the rest

~nf +h wa twain

oL tinie exp}.GSlvc train.
Transition of the barrier from the safe to the arm position for a

rotating barrier shall require a minimum of 90 degrees rotation of
the mechanical barrier.

- 25 -
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The devices shall be designed to meet all performance requirements
after the application of maximum operational arming voltages
continuously for periods of up to 5 minutes with the safing pin
installed. Stalling shall not create a hazardous condition when

arming voltages are applied continuously for one hour with the safing
pin installed.

5.12.3.2 Arm/Disarm (A/D) Safety Provisions. Arm/Disarm devices shall
contain provisions for establishing and breaking circuit continuity, and
shorting and unshorting the EED circuits.

5.12.4 Safe & Arm Lock/Safing Pin.

a.

b.

All S&A devices shall have a positive mechanical lock and a safing
pin.

The mechanical lock within the device shall prevent inadvertent

transfer from the unarmed (safe) to the armed position (and vice
versa) under specified environmental conditions.

The safing pin shall prevent inadvertent transfer from the unarmed
(safe) to the armed position when an arming signal is applied.

The safing pin shall be capable of installation into and removal from
the device after the device is installed.

The safing pin shall provide a means of attaching warning streamers.

Mechanical retention of the safing pin shall be possible only when
the S&A device is in the safe position.

The safing pin shall be secured in position in the device by use of a
detent or similar feature. Strength of the detent shall be
sufficient to require at least three pounds but not more than 10
pounds for removal of the safing pin. For a rotating device, the
torque shall be at least three inch-pounds but not more than 10
inch-pounds.

A mechanism shall be incorporated which will prevent removal of the

safing pin if the arming circuit is energized. The mechanism shall
be capable of withstanding an applied force of at least 100 1bs.
tension or a torque of at least 100 in-lbs. without failure.

5.12.5 Safe & Arm Safing Pin Streamer. All safing pins when installed shall
be marked by a red streamer.

5.12.6 Status Indication.

a.

An integral part of the S&A design shall include a means for direct
visual and remote monitoring of the arm or safe status.

- 26 -
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tor shall be clearly and readily discernible at a
minimum angle of 15 degrees from a line—of-sight normal to the center

Cc. The safe condition shall be indicated by a white (FED-STD-595 color
No. 27875) letter S on a green (FED-STD-595 color No. 24108)
background, and the armed condition shall be indicated by a black
(FED-STD-595 color No. 27038) letter A on a red (FED-STD-595 color
No. 21105) background.
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_____________ L considering worst case

e. Safe status shall not be indicated (visual or remote) until the
barrier is within 10 degrees of the safe position for rotating

5.12.7 Safe & Arm Simulator Resistors.

a. S&A devices may contain a simulator resistor across each of the
firing line circuits to permit testing of the firing circuit without
energizing the electrical initiators.

(=2
o

The application of operational voltages to the resistor for

The application of operational volta ges the resistor r
duration of 20 seconds, minimum, shall not cause degradatlon in
performance of the device.

c. Application of operational voltage for times in excess of 20 seconds
shall not create a hazardous condition.

5.12,8 Safe & Arm Components.

5.12.8.1 EEDs. All EEDs used in the S&A devices shall be qualified and
accepted as components in compliance with the requirements of this Standard.

5.12.8.2 Safe & Arm Rotor Leads. All lots of S&A rotor leads shall be
acceptance tested as a separate component in compliance with the requirements
of this standard. Rotor leads shall be qualified as an installed component in
the S&A device.

5.13 Safe and Arm Plug Devices.

a. Firing circuits that use Arming Plugs shall be designed to
electrically interrupt the EED side of the firing circuit.
shall provide for the electrostatic protection of the EED as
specified in Paragraph 5.7 A with the Arm P]no removed. This

specirieda 1n aragrapi 2.7.9 remo

protection may be achieved bv installing a Safe Plug in the Arm Plug
receptacle, or by intrinsic design of the firing circuits. If a safe
plug is not required, a suitable conductive cap shall cover the Arm
Plug receptacle.
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Al and oarle riugs Or Caps snaii pbe aesigned Lo pbe posilively
identifiable by color, shape and name. The natural (unpainted) body
color ot the Arm Plug is required. The Safe Plug or cap shoulid be
green and shall have a red remove-before-flight streamer attached.

They shall be marked Arm and Safe respectively.

The design ot the device and the firing circuit shall ensure easy
access for plug installation and removal durlng assembly and checkout

in all prelaunc
in i pre

:I

Monitor and control circuits shall not be routed through Safe Plugs.

These devices shall meet all the shielding requirements of paragraph
5.2.
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capable ot performing in the prescribed manner when fired in the operational

environment after surviving the normal sequence of predicted transportation
and nandling, storage, prelaunch, launch, ascent and flight conditions. They
must not inadvertently inltlate after exposure to the predicted environmental
extremes of re-entry, landing, and post landing conditions where applicable.
Designing components for the predicted environmental extremes shall include
dpx1un tactors ot Qafprv or dpslan maregins to accommodate vnr1nr1nnq in

_____ alpailie

production units and in testing.

5.15
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Hermetic Sealing.

o
rt

led 1n such a manner that after

All EEDs shall be hermetically sea
peing exposed to the environmental conditions in the sequences
specified herein, the actual helium leakage rate shall not exceed

5x1U~b standard cubic centimeters per second at a differential
pressure ot one atmosphere, minimum (see Test Method 1111). All
non—electric explosive components contained within a sate & arm
device which is not hermetically sealed shall be sealed to meet the
same requirement.

The closure(s) used to obtain hermetic sealing, and for other
purposes, shall be designed to yield minimum debris as a result of
firing; and the debris, it any, shall not have a detrimental effect
on the item into whilch the initiator fires.

de.

Design and test data that demonstrate compliance with this Standard
shall be retalned as specified by the procuring activity. Data is

normally retalned for the life of the program, and longer if there is
planned usage for future programs.
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delivered as tasked 1n the test section of the SOW and associated
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6.1 Applicable Tests. Unless otherwise specified by the procuring activity
all electroexp1051ve subsystems and components shall pass the tests specified
herein. A cross-reference from Section 4 and 5 requ1rements to Quality

Assurance Provisions is given in Figure 2.

2 Responsibility for Tests and Inspections. Unless otherwise specified in
t spons1Dle for the
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use hls own or any other facilities suitable f rfor the
inspection and test requirements specitied herein, unle s disapproved by the
procuring activity. The procuring activity reserves the right to perform any
of the inspections and tests set forth in this Standard where such inspections
are deemed necessary to assure supplies and services conform to prescribed

requirements.

6.3 Tesgt Seauencec. IInlece ntherwice gnecitied bhv the nracurino activitvu
.2 ~esl segquences. YRi€ss ¢oiaerwlse speciliied 2y ae procuring aciividy,
tests shall be accomplished in sequential order as listed in tables I through
VII1I.

6.4 Classification of Inspection. The inspection requirements specified
herein are classified as follows:

P Mizal s £ nnadamem =omomn I LU -
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b. Lot acceptance sampling inspections and tests . . . . . See 6.8

6.5 Hazard Classification. Ordnance items shall have a Military Hazard
Classification and Compatibility Grouping in accordance with DOD 5154.4S. 1If
not already classified, classification shall be in accordance with AFTO
iiA-i-47.

6.6 Safety Reliability Demonstrations. The reliability of the safety
features of the electroexplosive subsystem will be considered demonstrated
with the successful completion of the required qualification and acceptance
testing in accordance with paragraphs 6.7 and 6.8. The capability of the EED

output in performing its intended function shall be verified.
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6.7 Qualification Inspections and Tests. qualltlcaclon inspection of
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with the following:

a. Electroexplosive Devices. Perform the inspections and tests in
Tables I and II.

b. S&A Devices. Perform the inspections and tests in Table VI. SaA
EEDs shail be tested in accordance with paragraph b6.7.a.
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c. Electroexplosive subsystem. Pertorm the analysis per Test Method
4303.

o 7 1 Vaniinli€snntrinn Tactins T anu ¥ thao fallamine avantag Ascnry in +tha
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manufacture ana test of previously gqualified electroexplosive devices (per
paragraph 6.7), a review and analysis shall be made to determine what

requalification tests, if any, shall be made. The analysis and any resulting
proposed requalification test program shall be approved by the procuring
activity.

a. Critical components or materialis are to be obtained from a source not
previously qualified.
b. Changes in methods, critical processes, or change in the production

line (different line within the same facility or different facility).

c. Experience indicates a deficilency in previous test methods.
6.8 Lot Acceptance Sampiing, inspecitions and Tests. Electroexplosive
subsystems, S&A devices and EEDs shall be acceptance tested in accordance with
the following:

6.8.1 Electroexplosive Devices. Test per Tables 1 and II1I.

6.8.2 Safe and Arm Devices. Test S&A devices per Table VII. Test S&A rotor

ieads per Tablie VIIiI.
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sarm DeviceS= Test
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6.8.4 Electroexplosive Subsystems. This Standard does not provide test
requirements for the installed subsystem. The electroexplosive subsystem is
normally tested 1n accordance with the overall system test plan, or as
specitied by the procuring activity.
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1 ot EEDs st

verified by conducting tests outlined in Tables IV or V. Service life of S&A
rotor leads shall be demonstrated yearly by repeating the acceptance lot
sample test program by firing ten rotor leads.

ice life of every lot

.Y Systems Effectiveness.

a. Ordnance PMP shall be controlled as defined within this Standard.
When ordnance PMP are specified, which are not specifically
controlled by this Standard, they shall be controlled in accordance
with DOD-E-83578, or the approved PMP Contractual Document.
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3) DOD-E-8983

in that order of precedence.

6.9.4

Y

Parts, Materialis, and Processes {(PMP) Qualification.
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0 e defined wit .
When ordnance PMP are specified, which are not specifically covered
by this Standard, they shall be qualified in accordance with

DOD-E-83578, or the Approved PMP Contractual Document.

.l

Non-ordnance PMP shall be qualified per the requirements of

-
N

2) MIL-STD-1546 or the Approved PMP Contractual Document, or

3) DOD-E-8Y83

in that order of precedence.
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It shall be shown by analysis or test that the electroexplosive
subsystem meets the requirements of paragraph 4.4.l.a. The
analysis/test shall include not only the firing output circuits, but
all of the firing circuit elements, in particular the control
circults that can couple power to the EED. The radiated and

t [ .
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level at the EED and this level must be compared to the maximum DC no
fire power level of the EED, which is determined from the square of
the DC no fire current times the nominal bridgewire resistance.

NOTE : This verification can be part of the normal EMC Conformance
program used for the overall (completely assembled and
powerea-up) payload systems, e.g., connect an ordnance

imui

...... £33 .

et

S ator Oor power mcabuxxug device to the firing output
circuit. The meonitoring device should be selected to
minimize its eftects on the overall system. This DC

detector must have the capability of detecting pulses at
least as short as one millisecond. The ordnance simulator
and measuring device should be selected with sensitivities
to levels far less than the no fire level ot the EED so
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b. It shall be shown by analysis or test (see NOTE above) that the
electroexplosive subsystem meets the requirements of 4.4.1.b.

c. If the electroexplosive subsystem is non-compliant with any of the
fequifemeﬁts of this Standard which may have an impact on electro-
maonet1r~ environment ellqronf1h111f‘v or 1if the electroexnlosive

............ R
subsystem utilizes an EED which the procuring activity considers
abnormally susceptible to the electromagnetic environment, then a
worst case analysis (in accord with Test Method 4303) shall be
performed on all firing circuits for all storage, handling, handheld,
checkout and fully assembled configurations of the firing systems
that can be exposed to the radiated electromagnetic environment. The

-

worst case analysis must demonstrate that the electr "agnetic
environment, acting directly on the firing c;rcuit ill produce at

[...

g to—case) an RF
level less than the maximum RF no-fire level of the EED.

the EED in each firing mode (e.g., pin—to-pin, pi

6.11 Documentation. The procuring activity may require specialized
documentation prior to the use of explosive items.

a. Procedures shall be established for the safing and removal of
ordnance items.

b. Where Air Force Explosive Ordnance Disposal support is required,
procedures shall be provided in accordance with Explosive Ordnance
Disposal Directive (DOD ADL TD-3).
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Table I
EED LOT ACCEPTANCE (NON DESTRUCTIVE)

TEST PROCEDURE QUANTITY
Visual Inspection Method 1101 100%
Dimensional Check Method 1102 100%
Bridgewire Resistance % Method 2201 1060%

Leak Test Methed 1111 100%

Static Discharge Method 2205 100%
Tnsulation Resistance Method 2117 i 100%
Bridgewire Resistance Method 2201 100%

X-ray Method 1103 100%

N-ray Method 1404 100%

* This bridgewire test may be omitted if bridgewire test was conducted after

loading and before this stage, and recorded measurements are available.
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Table II

EED Qualification Testing

TEST PROCEDURE 446 EEDs
TESTED AS FOLLOWS
Non-Dest Test¥* Table I 230%*% 45 45 5 6 5 5 105
RF Impedence Method 2204 10
RF Sensitivity Method 2207 _2_22
Determination
No Fire Bruceton Method 2203 45
(5 minute constant =
current)
All Fire Bruceton Method 2203 45
(30 millisecond =
constant (.urreru:)
High Temperature Method 3401 5
Fvnoeure
Te;perature Method 3407 5 S 105
Cycling
Shock Method 3114 5 105
Vibration Method 3113 105
Drop Test (6 foot) Method 3409 5 105
Bridgewire Method 2201 5 5 105
Resistance
Insulation teth 1 5 5 105
Resistance
Leak Test Method 1111 5 5 105
X-ray Method 1103 5 5 105
N-ray Method 1404 5 5 105
No Fire Method 2402 6 5 5 105
Verification
Ambient At specified ] 3 b)
Firing Test All Fire
Per Method 2405

Temperature Test per 105
Firing Tests Table IIA -

* All EEDs submitted to qualification must have passed non-destructive

______________ moL1 . T
accepidiice LesLs UL LdULt 1L

** 370 EEDs required dual bridgewire testin

NOTE - Double line (230) under number of EEDs tested indicates EEDs are
considered destroyed.

NOTE - Firing test requirements for EEDs to be used in a capacitor discharge
firing system shall be specified by the procuring activity.

- 37 -



TABLE IIA

Lot Sample Allocation for Temperature Firing Tests

Firing Temp All Fire Predicted¥* 22 Amps
Current Operating Current

Predicted Operating 15 15 5
Temperature

High Temperature 15 15 5

ow lemperature 15 15 p)

* In the event that firinmg current cannot be predicted, these EEDs shall be
tested at 2 times the gspecified All Fire Current.
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Table III

EED Lot Acceptance Testing

TEST PROCEDURE QUANTITY
Non-Destructive Tests Table I 100% of lot
Temperature Cycling Method 3407 Lot Sample *
Shock Method 3114 Lot Sample *
Vibration Method 3113 Lot Sample *

(Use qualification level)

X-ray Method 1103 Lot Sample *
-ray (optional) Method 1404 Lot Sample *
Bridgewire Method 2201 Lot Sample *

Resistance

Insulation Method 2117 Lot Sample *

hResistance

Leak Test Method 1111 Lot Sample *

No Fire Verification Method 2402 Lot Sample *

Firing Tests Method 2405 Lot Sample*

Per Table IIIA

* Entire lot sample, which is 10% of Lot but no less than 30.

NOTE - Firing tests requirements for EEDs to be used in a capacitor discharge
firing system shall be specified by the procuring activity.

_39_



TABLE IIIA

Lot Sample Allocation For Firing Tests

ALL FIRE CURRENT OPERATING CURRENT#*
Predicted Operating 1/6 1/6
Temperature
Max. Predicted High Temp. i/6 1/6
Max. Predicted Low Temp. 1/6 1/6

* In the event that the operating current cannot be predicted the test level
current shall be twice the all fire current.

inl 176 wnfawro ~ t+ha Aswrion
E - 1/6 refers to the division of Lot Sample.

- 40 -
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NOTE: When accelerated aging tests are used to verify the service life
requirement of 4.5.5, testing shall be conducted at time of lot
acceptance. Successful completion of this testing merits a three year

This procedure may be repeated at three year

service life assignment.

intervals to extend service life indefinitely.

TEST PROCEDURE QUANTITY*
Non-Destructive Table I 10
Tests
High Temperature Method 3403 10
Storage
Shock Method 3114 10
Vibration Method 3113 10
(Use qualification
level)
X-ray Method 1103 10
N-ray Method 1404 10
Bridgewire Method 2201 10
IResistance
Insulation Method 2117 10
Reslstance
Leak Test Method 1111 10
No Fire Verification Method 2402 10
Firing Tests at Specified All
Fire Curren
- At Predicted Operating Temp. Method 2405 4
- At Max. Predicted High Temp. Method 2405 3
- At Max. Predicted Low Temp. Method 2405 3

* This quantity will undergo all of the tests given in Table IV, i.e. 10 units

every three years.

- 41 -
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Table V

EED Surveillance Test

NOTE: When surveillance tests are used to verify the service life
requirements of 4.5.5, testing shall be conducted one year after lot
acceptance testing and each year thereafter to extend service life

indefinitely.

TEST PROCEDURE QUANTITY
Non-Destructive Table 1 5

Tests
Temperature Cycling Method 3407 5
Shock Method 3114 5
Vibration Method 3113 5
(Use qualification
level)
X-ray Method 1103 5
N-ray Method 1404 5
Bridgewire Method 2201 5

Resistance

Insulation Method 2117 5
Reslistance

Leak Test Method 1111 5

No Fire Verification Method 2402 5

Firing Test Fire at specified 5
Operating Temp all fire current

per Method 2405

- 42 -



Hazardous Condition(s)

Prior to Disposal

TEST PROCEDURE QUANTITY
Visual Inspection Method 1101 7
Dimensional check Method 1102 7
Tnsulation Resistance Method 2117 7
Leak Test *%* Method 1111 7
Temperaturéié}éling Method 3407 7
Shock Method 3114 7
Vibration (Acceptance) Method 3113 7
Vibration (Qualification) Method 3113 7
Insulation Resistance Method 2117 7
Bench Test Method 2406 7
Leak Test** Method 1111 7
IFiring Test at Predicted

perating Current
At Predicted Operating Temp. Method 2407 2
At High Temp. Method 2407 2
At Low Temp. Method 2407 2
Cycle Life* Paragraph 5.12.1.1 1
Stall* Paragraph 5.12.3.1h 1
Twenty Foot Drop Test# Method 3408 1

1sual Inspection¥® Inspect for 1

* The device exposed to these tests shall not be fired.

STRATU Uhials Clia

w
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TEST PROCEDURE QUANTITY
1sual Method 1101 100%
Dimensional Method 1102 100%
Vibration Method 3113%% 1007
Bench Test Method 2406 100%
Leak Test* Method 1111 100%

* For hermetically sealed units only

*%* Do not exceed vibration levels given for acceptance testing in paragraph 3b
in Method 3113.

..4[,:_



Table VIII

S&A ROTOR LEAD
"

TEST 7 PROCEDURE QUANTITY

Visual Inspection 1101 100% of lot
Pimensional Check 1102 100% of lot
Leak Test 1111 100% of lot
X-ray 1103 100% of lot
N-ray 1404 100% of 1lot

High Temp

Low Temp

LOT SAMPLING TEST*
Temperature Cycling 3407 Entire Sample
Leak Test 1111 Entire Sample
Firing Test 2411

1/2 Sample
1/2 Sample

* The sample consists of 10% of the lot, but not less than 10 units from the

same lot. The samples are to be chosen at random..
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NON-DESTRUCTIVE TEST METHODS



Procedure.

METHOD 1101

17 [ B4

TCQITAT TNCDLDOTTNN
Vioual LINorLuiiviy

To visually inspect the item before and after each
manufacturing, handling, storage, and test operation.
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clke
C

1
NSy 4

m o
[
p—

—

Visually inspect the item before and after each operation or

METHOD 1101
31 JULY 1984



METHOD 1102

DIMENSIONAL

1. Purpose. To establish the dimensional accuracy of the furnished item to
be tested.

2. Procedure. Each item to be tested shall be physically measured to insure
that the accuracy of the configuration is within dimensional limits as

specified in the device procurement specification.

-1- METHOD 110
31 JULY 19
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METHOD 1103

1. Purpose. To nondestructively inspect the device for defects and improper
placement in the metallic constituents of the component.

2. Procedure. The test shall be accomplished by the methods outlined in
MIL-STD-453. Units shall be X-rayed to quality level 2-2T of MIL-STD-453,
wnleoge otrtherwice aenerificd 1in +thae 1rdividiiag) enecificatrion
ULILTOS ULIITIwldo odpclllilicu Lil L Alluilviuual SpTLiLiitatiVlle
-1- METHOD 1103
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1. Purpose. To determine the effectiveness of the seal of a component part
which has an internal cavity which is either evacuated or contains air or
gas. This test will detect leaks due to the use of inferior sealing

materials, or manufacturing processes used to form the seal. The degree of

completeness or the seal can be verified by testing in the "as received"

condition or after submission to other environmental or physical-

characteristic tests, such as thermal shock, physical shock, or vibration.

2. Test Description.

NOTE : (The final (10x magnification) visual inspection performed in

Method 1101 will serve to reject defective units which could
raosrld 2em; A oo | PR T Mot~ 2 11N1 JE T T T T - T
4TSULL 1l a4 gIOSS 1€dKeTr. reLnod 11Ul snail e periormed prior
to the leak testing per this method).

One of the following procedures shall be performed:

Procedure 1. The completed device(s) shall be placed in a sealed chamber

which 1s evacuated to a pressure of 25 millimeters of mercury (absolute) or

less for a minimum of five minutes and then pressurlzed (bombed) with hellum
h

ArmAd A sciiTo —

for the time and pressure noted in Table 1111-1 Delow, based upon the device' S
internal free volume.
TABLE 1111-1
HELIUM BOMBING
INTERNAL FREE BOMBING PRESSURE BOMBING TIME
VOLUME (cm3) (ATM ABSOLUTE) (HOURS)

less than .05 3 .33

.05 to less than .10 3 .50
.10 to less than .20 3 1.00
.20 to less than .30 3 1.50
.30 to less than .40 3 2.00
.40 to less than .50 3 2.50
.50 or greater 3 3.00

The pressure shall then be reduced to one atmosphere which shall be maintained
until each specimen is transferred to another chamber or chambers which are
connected to the evacuating system and mass—-spectrometer-type leak detector.

When the chamber(s) is (are) evacuated, any tracer gas which was previously
forced into the specimen will thus be drawn out and indicated by the leak
cvices sved from
A1 A=

agiivad laalr satra Tha niimhas nf d %2 s removed from

etector 38 4 meagsured iegk rate. L i€ Numoer o vVic

C:.

-1 - METHOD 1111
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pressurization for leak testing shall be limited such that the test of the
last device can be completed within 10 minutes. The criterion for passing
this test is an indicated measured leak rate less than or equal to 1x10~0
standard cc/second of helium when measured at one atmosphere differential
pressure, unless otherwise specified by the procuring activity.

NOTE : (The values specified for this procedure are based on MIL-STD-202,
Method 112 and will result in the acceptance of units with an actual
leak rate of less than or equal to 5x10=6 STD cm3/sec of helium.)

PROCEDURE 2 - The completed device shall be tested per radioactive gas
procedures of MIL-STD-202, Method 112, and shall exhibit an actual leak rate
less than or equal to 1x10=® STD cm3/sec. of helium when converted from

the measured Krypton-85 leak rate.

METHOD 1111 -2 -
31 JULY 1984



1. Purpose. To nondestructively inspect the internal nonmetallic components
of the EED and S&A rotor leads.

2. Definitions.

2 1 NAmrrsnsas mes Oaoen ~on U LA T T R o . LA . e o

Le L VONIVELS1011 oCreEeil. A materiail pLacea 1n contact wlth radlograpnlc fiim
that ahecnrhe nantrane and amite 1Anising wadsaksan Fhawahir Aavemaning Fha £311m
“ilia o QuvowviL VO LT uUuLLuULLO alls TIHLLO ‘.UllLaLlls LauLaLLUll, LllCLCU] CAPUOL[‘E Cilc L LLlile

2.2 1Image Quality Indicator. A device or combination of devices whose image
or images on a neutron radiograph provide visual or quantitative data or both
concerning the radiographic sensitivity of the particular neutron radiograph.

2.3 Sensitivity Level. The ievel determined by the smaliest standard
discontinuity in any given sensitivity indicator observable in the

radinoranhic film lLovale arae dafinad hyv idantification nf tune of 1
raciegrapnic Iilm. L€Ve.i1s are aerilned oy 1i14encirlicacidn oI Lype ©r 1n N

size of defect, and the absorber thickness on which the discontinuity is
observed.

2.4 Thermal Neutrons. Neutrons having energies less than 0.4 eV.

NN T NITT ing \ |
e ULIvLONAL I\L\{U L NLLITLL AN
3.1 Materials

3.1.1 Radiographic Film. Neutron original radiographs shall be made using
Kodak type R single coated radiographic film or approved equivalent.
Duplicate radiographs shall be made using Kodak X-Omat duplicating film or
approved equivalent.

maintaining intimate contact between the conversion screen surface and film
emulsion.

3.1.3 Conversion Screen. Conversion screens used shall provide optimum
response to neutrons at thermal energies and shall produce radiographs that
meot the fi1ilm Aauality ronniromante nf thie Qrandard

meet the film quality requirements of this Standard.

3.1.4 Beam Purity Indicators. The beam purity indicator conforming to figure
1 of ASTM E-545 shall be used for all exposures as a minimum.

3.1.5 Sensitivity Indicator. A sensitivity indicator conforming to figure 2
of ASTM E-545 shall be used for all exposures.

-1- METHOD 1404
31 JULY 1984



3.2 Personnel. Personnel performlng radlographlc 1nspe ction shall be
u

. = 2 A .
certlrlea 1n accordance wlith the quallrlcatlon of experience equiremencs oL
MII-STD-410, Certification anitivramante nat addracgad in MTT oCTNATN ahall ha

wvVoeiALilLilivaAauwaiwvl \iuLLCIIICIIL—D IIU\- QuuLCO T\ il VLA L [Py TiV oillai L v

in accordance with Recommended Practice No. SNT-TC-1.

3.3 Exposures. Exposures shall be made using the direct method with the

plane of the film as perpendicular as possible to the neutron beam. Reference
Standard components shall be included in each exposure, if required.

3.3.1 Configuration. Areas of interest in adjacent parts shall be
enffiriontlv senarated to roadilyv nermit intoernroetatinn nf tha radinoran and

sufficiently separated to readily permit interpretation of the radiograph and
shall be free from extraneous materials that could interfere with film

evaluation.

3 ‘"-graphic Image Qualitx

Radiographs shall have an image quality of at least NC-H-G Category I, as

oa O

defined in ASTM E-545.

3.6.1 Neutron Source. The neutron source and facility shall be capable of
A a f s aem Al A hnt mant 211 i snm ~AF Fhia +nat moatrthad and echall
proa b.l.llg LduLUBLaPllb LildL jigceL a1 LCquLLCulCuLo Ul CIILD LTOL T LitVU Qiiu ouaaa
provide adequate radiation protection for operating personnel.

3.6.2 Film Processing. The film processing equipment and facilities shall be
capable of producing radiographs that meet the film quality requirements of
this test method. Processing of radiographs shall be within the time and

r

T U
tne equipm

ent manufacturer.
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3.6.3 Film Viewing. The film viewing area shall provide an optimum level of
background lighting for viewing radiographs. The film viewing equipment shall
provide optimum viewing sizes and intensities for interpreting radiographs in
the 2.0 to 3.0 Hurter and Drifield (H&D) density range. A 3X to 7X magnifying
glass shall be available.

aoc l r £ a
density up to 3.0 H&D and shall have a den31ty resolutlon of O 02 H&D or
ibrated reference density strip shall be maintained.

o
(1)
[nd
T
o
[a}
.
>
O
p
[N

4.1 Thermal Neutron Content (NC). Thermal neutron content of the beam shall
be determined using densitometer data from the beam purity indicator image as
outlined in ASTM E-545. The calculated value shall be 65.0 or greater.
METHOD 1404 -2 -
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4.2 Sensitivity Level (H).

The image of the 0.25 mm hole through the 1.28 mm

gap, at all the absorber thicknesses, shall be visible on all radiographs.

4.3 Film Density. The background density of
and 3.0 H&D, and the background density variation across
exceed + 5 percent when measured in accordance with ASTM

4.4 Film Identification.
the following information:

a. Part Number

b. Serial Number

C. Date of Exposure

d. Radiographic Facility

~ . = . s £~ 2as )

e. Conversion Screen Used (5/N)
4.5 Radiographic Technique Sheet. Each part number sha
sheet or sheets, approved by the contracting agency, con
information as a minimum:

a. Film identification (see 4.4)

b. Length of exposure

-~ AL . £ el Aerr and

Ce. numper Ol L1ieES BApustu

d. Exposure rate of neutron and gamma radiation

e. Facility beam resolution (L/D)

f. Film processing information

5 Qronrnial raannivramante or tonlino

5° gpcilliaiL LtTyuliiciuTiito vi LUvLaiug

h. Photographs or Sketches or both of radiographic

i. Signoff (approval) by performing agency quality

representative

4.6 Special Safety Provisions. All special precautions
(part) shall be specified by the contracting agency.

4.7 Accept/Reject Criteria.

radiographs shall be between 2.0

the film

i1l L iam

E-545.

shall

not

Radiographs shall be permanently identified with

setup

assurance

The neutron radiographic evaluation shall be in

accordance with accept/reject criteria established by the applicable

engineering drawings and specifications.

Y ) Z - 1N «x

METHOD 1404
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MIL-STD-1576 (USAF)
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METHOD 2117
INSULATION RESISTANCE

1. Purpose. To measure the insulation resistance of electroexplosive
subsystem/components. This test is primarily useful in detecting leakage
current and other defects degrading safety.

2. Apparatus. Insulation resistance measurements shall be made on an
apparatus suitable for the characteristics of the component to be measured
such as a megohm bridge, megohm meter, insulation resistance test set, or
other suitable apparatus. Unless otherwise specified, the measurement error
at that insulation resistance value required shall not exceed 10 percent.
Proper guarding techniques shall be used to prevent erroneous readings due to
leakage along undesired paths.

3. Procedure. When special preparations or conditions such as special test
fixtures, reconnections, grounding, isolation, low atmospheric pressure,
humidity, or immersion in water are required, they shall be specified.
Insulation resistance measurements shall be made between the mutually
insulated points or between insulated points and ground, as specified. The
insulation resistance measurements shall be made immediately after a 2-minute
period of uninterrupted test voltage application, unless otherwise specified.

4. Test Requirements. Unless otherwise specified by the procuring activity,
the applied test voltage shall be a minimum of 500v, DC (all current carrying
components and conductors shall be electrically insulated from each other and
system ground. The insulation resistance between all insulated parts, at a
potential of 500v minimum DC, shall be greater than 2 megohms after exposure
to the environment specified herein.) (For the NSI, the potential shall not
exceed 250v, DC and only one 250v, DC test shall be permitted. All subsequent
NSI testing shall be at 50v, DC.).

-1~ METHOD 2117
31 JULY 1984
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2. Procedure. Bridgewire resistance shall be measured by applying a maximum
current of 10 milliamps or 10 percent of the maximum no-fire current (as
determined by Method 2203), whichever is less. An accuracy of at least 2
percent of the true value is required. The open circuit voltage of the test

equipment shall not exceed one volt.

METHOD 2201
31 JULY 1984



1. Purpose. This test determines pin-to-pin direct current characteristics
of electroexplosive devices based on an assumed current log normal density
function. The primary use of the determined characteristics is anticipated to
be the specification of a pin-to-pin "maximum no-fire level" for the EED that
will be used to support dc or low frequency hazard analyses. It 1s recognlzed
no smail sample, e.g. 40 items, test can accurately determine a smail

no nrobhahilitu {‘ooo +ha 1NYY wirh hi AmFiAdan~an I PN 1SS NN
ng pPirvvaviiaivy LT OO I.IIGI.L L\J/s0 7 W 4iLill IILBII L,ULILJ.UCLI\,C ullLCDa ULIICL

information about the firing characteristic of the individual EED type is
available or assumed. Thus the "maximum no-fire level" determined by this
overall test is to be treated as an acceptable level for use in hazard
analyses and not as a rigorously determined parameter.
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ermlnatlon whe as a 30 mllllsecond constant current Dulse is Dreferred for
all-fire level determlnatlons and 1 millisecond constant current pulse is
preferred for one of the tests in Method 2208. Bruceton tests using 5 minute
continuous or pulsed RF stimuli can also be run using this procedure.

2 Mewembhaew ~F Dacmees wmnd T..A...,. ™~ [ - Jk
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required for this test. Forty items are required for a Bruceton test. In
addition, five items are normally used in estimating the mean and Standard
deviation of the firing current. However, more items may be required

depending on how well the initial estimates of the mean and standard deviation

are made. Very bad choices of the mean and standard deviation cause a failure
of the Bruceton test and will require another forty items.
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3.1 Test temperature. The test should be performed under ambient
(approximately 25°C) temperature conditions, or operational temperatures if
conditions include exposure of the EED to potentially hazardous pin-to-pin
stimuli at elevated temperatures. The EED and heat sink (intended to simulate
actual 1nstallation) shall be allowed to come to thermal equilibrium at the
test temperature before the stimulus is applied to the EED.

3.2 Heat sinking. The heat sinking environment of the EED shall approximate
the predicted operational thermal environment. If the thermal environments
for the EED usage are multiple or unknown, the minimum heat sinking should be

used during the test. If hazards related to "hand held" environments are to
r o _—— =1 . a . | Ll mrn U B 13 1 — a3 — — Y ol . A _LLC_ a1
e 2vdludlL U’ Lilg LLoU Siioula be mounceda 1.1 4 I1Xture tndt ELL!‘.’LLLVCLY
2 ane:labnan Fha BEN anrnaemn hant FvamonfFasw +A +tha Antzr 2Armant
dl1bUulLaLecd Lilc Luy dsaj.uDL ilcat LuLLiLaildici LU LIIT Tluvairuvliiiiciice
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4., Procedure.

4.1 Test description. A 5 minute constant current pulse applied to the
bridgewire of the EED shall be used as the stimulus in a 40 item minimum

(9]

Bruceton test. Five items, in addition to the 40 test items are provided to
allow pretest exposures of the EEDs to the test stimuli. This shall provide
an estimate of the mean and variance of the assumed log normal density
function. The current pulse amplitudes to be used for the test are to be

chosen such that neighboring tests vary by a logarithmic increment
approximately equal (0.5 to 1.25) to the Standard deviation. In the event of
a no-fire the EED will not be disconnected from the system. A current pulse
large enough to ensure firing shall be applied to the EED. If the EED still

fails to fire, the no-fire data point will be omitted from the test and the
reason for the no-fire determined and reported.

During testlng each exposure shall be monitored to provide a permanent record
(an oscilloscope picture, digital recording on f10ppy disk, etc.) of the

’._a
o

.
voltage and current of the bridgewire during the 5 minute pulse. These
records shall be retained by the facility performing the test.

4.2 Calculations. Computation of the Bruceton test results shall be made on

both fire (X) and no-fire (0) data. Any deviation exceeding 10% between the X

determined sigma and the 0 determined sigma will be sufficient to void the

test and be cause for rerun of the test. The difference is computed by the
ha

_____ & e | -

ratio of the larger sigma to the smaller sigma, and a ratio greater th
will void the test. Tests showing less than 4 or greater than 7 or more
levels shall also be considered void and the test must be rerun. Confidence
levels shall be calculated using the average of the Standard deviations and

the average of the means (log) as determined by the X and ( data.

The actual computations of the Bruceton results should be performed by a
Anmsiit o nrnoram Fhat 136 ~canahla AF Adamanarratring 1 tae accniracry huy raleannlarine
\.UllPuLCL PL\JsLall Lilau LO A\ PGULC Vi uc llUllDLLal.J.lls LLO au\.ul.cu.y U] vLaivuia LLLLB
log normal density function parameters from simulated Bruceton procedure test
results. These simulated results must be consistent with an assumed log

normal density function. This verification, which consists of simulated test
results, the assumed distribution parameters, and the Bruceton calculation,
should be included with the test results.
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shall be computed from the Bruceton test result

=

4.3 Test equipment. Test equipment shall be checked for calibration before

any data is taken and an estimate made of maximum errors that are possible in
pulse amplitudes and durations.

Bruceton Procedure References.

1. "Statistical Analy sis for a New Procedure in Qen31r1v1ty Experiments, "

AMP Report No. 101-1R, SRG-P. No. 40, Bruceton Laboratory, Princeton, New
Jersey, July 1944. ( National Technical Information Center No. ATI-34558)

METHOD 2203 -2 -
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2. W. J. Dixon and A. M. Mood, "A Method for Obtaining and Analyzing
Sensitivity Data,’’
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urnal of the American Statistical Association, Vol. 43,

3. W. J. Dixon and F. J. Massey, "Introduction to Statistical Analysis,"
McGraw-Hill, N.Y., N.Y., 1957.
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1. Purpose. To measure the radio frequency impedance of electroexplosive
devices.*

~

Z. Apparatus. The impedance measuring equipment shall function at extremely

low radio frequency power levels so that the electroexplosive devices are not
l_lb‘lp(‘fpd to heatino DFFOI"‘G, AnitAamaticr oaninment 1ic nrofarvrod It is

ccrled LTdllily 2Ll 03 AaurliiiGeal TUULpWMTULE 45 pitaTaiatTle.

suggested that no more than 1 milliwatt be applied to the electroexplosive
device in any firing mode during the measurements.

n

The mounting apparatus used to connect the electroexplosive device to the
impedance measuring apparatus wiil be constructed so that the impedance

at | T

measurements refer to a polnt as close to the base of the elec
device (exterior surface of the EED header)

VERALCI AL skl iglete - S

3. Test environment. All tests will be run at room temperature
(approximately 25°C).

4. Number of items required. The minimum number of electroexplosive devices

to be used in the impedance measurements is ten. These items may be reused in
the Method 2207 or 2208 testing

T AT eal LTOoLiiige

5. Firing modes. Impedances shall be measured for each potential firing mode
of the electroexplosive device. Specifically, pin—-to-pin and pin-to-case
impedances will be measured for 2-pin conventional hot wire EEDs. For dual
bridge wire EEDs measurements will be performed in the pin-to-pin, pin-to-case
and bridge-to-bridge firing modes.

6. Frequencies. Impedance measurements will be performed at 10 frequencies
between 1 and 1200 megahertz. The individual measurement frequencies should
be selected so that neighboring frequencies differ from each other by an
approximately equal logarithmic increment.

* During a worst case analysis of a system's susceptibility (Method 4303) to

. . . .
1te alactramaonatics anuviranmant a aanvraot=raca naramatar 1c nnnr‘ for the
LLO CatleiluiGguTiiailt Tviinmiiivy a wlIoLe™ Last paramciecs 1o SCU AU vac

impedance (i.e. the DC resistance). If this worst-case resistance parameter
causes a rejection of the worst-case analysis results, RF impedance can be
used to reduce predicted analytical results.

-1- METHOD 2204
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STATIC DISCHARGE SENSITIVITY

1. Purpose. To verify the insensitivity of an electroexplosive device under
electrostatic discharge conditions.

] ) o YRDNSIRUE D
Lo rroceaure.

a. Discharge 25 kv from a 500-pfd capacitor applied (with no series
resistor) at the test points for a pin-to-case mode. Pins shall be
shorted during this testing. Figure 2205-1 shows the static discharge

test circuit.

b. Discharge 25 kv from a 500-pfd capacitor applied through a 5 K ohm
resistor at the test points for a pin-to-pin mode.

c. The method used for a and b above shall preclude external arcing.

d. The EED shall not fire, dud, or deteriorate in performance as a result
of this test.

SPHERICAL
CONTACT
SWITCH
220 MQ ‘K\\ 5KQ
AN—8 $—0O0 O—WA—
N . |
ELECTROSTATIC == £00 pfd TEST
VOLTMETER ™ P POINTS
0-25, 000 | ﬁ)
VOLT
POWER l |
SOURCE Py ® |
Figure 2205-1 Static Discharge Test Circuit
-1- METHOD 2205
31 JULY 1984
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METHNN 2207
LIOVY &Lavi

LA L L1

RADIO FREQUENCY (RF) SENSITIVITY

l. Purpose. To measure the radio frequency sensitivity of electroexplosive
devices and provide an RF no-fire level usable for RF hazard analyses.

2
Lo ILULCUulCo

a.

Number of electroexplosive devices required:

(1) Single bridgewire type EEDs: 230 minimum
(2) Dual bridgewire type EEDs: 370 minimum
uency sensitivity probing tests:

(1) At each radio frequency to be used in the test, the radio
frequency power to be applied to the electroexplosive devices is
determined from the mean dc firing current measured in Method
2203 and dc bridgewire resistance. 1nls ievel sna11 be appliied
- - Ll o — _ .__ —

to the devices in each mode \L.e., p co- an, p 1—to—case,
bridgewire-to-bridgewire).

(2) Equipment used in the tests shall provide a means to account for
loss in the power supplying system. Applied powers shall be
demonstrated to be those actually delivered to the input of the
EED. Mounting hardware for the EED shall be constructed to

B P S U O P o~ s~ ~ - ~ nee A narwmban
dLLUW medsureneiic UL power dS LlUbU tU thc EDD (CAtCLLUL Duxfaue
of the EED header) base as possible. In addition the
environmental conditions of Method 2203, paragraph 3, shall be

(3) At least 10 frequencies shall be used in the probing tests.
These frequencies should be chosen to cover the frequency range
from 1 MHz to 32 GHz and should include any LTEQUéﬁCY
corresponding to a known high power density in the EEDs
operational environment. Special consideration should be given
to frequencies that correspond to transmitters associated with
the overall system of which the EED is a part. If there are no
specific requirements, the following approximate frequency and
modulation stimuli shall be used.

-1- METHOD 2207
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TABLE 2207-1
Nafanltr Toagtr RFraoniinnaiaa and MadwlarisAana
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Frequency Modulation ¥*
MHz
1.5 CW
27.0 Cw
1K/ n MY
L% .V W
250.0 cwW
900.0 CcwW
2700.0 P
5400.0 p
8900.0 P {
15,000.0 CcwW '
32,000.0 P
= Pulsed modulation with pulse width of 1 microseceond and pulse
repetition rate of 1 KHz.
= Continuous Wave.

(4) At each test frequency, ten electroexp1051ve devices will be
tested for 5 minutes in the pin-to-pin mode and ten in the
NIn—tnen~naca mada TF #hao nalantraavnlacaiva Aavica haao Aial
y&ll v waoc Hmuuc e A Ciluc LTV LL CAH.I.\JOLVC UT V LLCO 1Hao uuaas
bridgewires, test 10 more in this mode. Up to five
electroexplosive devices that did not fire in the pin-to-pin
test can be reused in the pin-to-case test. Thus RF probing
tests require, at each frequency, 15 items for a two-pin single
bridge device and 25 items for a dual bridge device.

(5) Count the number of firings at each frequency. At any
particular frequency, if two or less fire, it can be stated with

very small risk that the e
sensitive to the test cond
and the direct current sen
subsequent ana1y51s.

lectroexplosive devices are less
ition than they are to direct current,
sitivity level can be used for

If from three to seven electroexplosive

devices fire, they can be considered to be of the same order of
_____ e e e AL a b ommn Al e ;s bm lin AL mmm b mezemeane
bt:llbLLJ.Vl.Ly LO Lie LesL CUOllALL 1ol d5 LU tLile ulicclu L.ull!‘:lll.
susceptibility level, and the direct current level can be used

in subsequent calculations
percent. If eight or more
electroexplosive device 1is
than to the direct current

of approximately 11

fire, there is little doubt that the
more sensitive to the test conditions
level.

Statistical radio frequency tests.

uencv/modulatlon stlmulus for
words, determine the frequency which

had the most firings and specify the modulation (pulsed or CW).

(1) From the data obtained in the pr
determine the most sensitive fre
each firing mode, in other

279N 7 -2 =
LI -
9
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(2) A 5 minute, 40 item Bruceton test as described in Method 2203,
shall be performed at the most sensitive frequency/modulation
stimulus for each mode. The equipment used shall be the same
equipment as used in the probing tests.

(3) Forty items are required for each firing mode of the device

being tested. Thus 80 items are required for a two-pin single
bridge device and 120 items for a dual bridge device.

-3 - METHOD 2207
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METHOD 2208 *
RADIO FREQUENCY (RF) DUDDING EVALUATION

1. Purpose. This test is used to evaluate the possibility of RF Dudding for
EEDs. If RF energy applied to an EED in the pin-to-pin (normal) firing mode
can desensitize the EED, then mission reliability can be compromised. This
test evaluates the RF dudding susceptibility at the 10% firing level
(Probability) at the most sensitive frequency. Essentially the method
compares dc pulse Bruceton test results (

for EEDs exposed to the 10% pin-to-pin fi

mean) as determined in Method 2207. Since dudding effects can vary wi
firing pulse time, the method requires comparison of Bruceton data on RF
exposed and non-RF exposed groups for two dc pulse times of 5 minutes and 1
millisecond. These are chosen to be long and short, respectively, in relation
to the thermal time constant of the EED bridgewire.
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results of Method 2203 are available; if not, 165 devices are required.

3. Procedure. The following tests must be performed:

(a) Method 2203 must have been performed on 40 units using a 5 minute
pulse prior to the tests which follow.

(b) Perform test 2203 on a second group of 40 units using a 1 millisecond
de nn]qu

(c) A third group of 80 virgin EEDs shall be exposed pin-to-pin using the
equipment of Method 2207 to the 10% firing level (probability) as
calculated from the pln-to—pln RF Bruceton test of Method 2207 This

R 1

exposure shall be for 5 minutes. It is expected that several

wi 111 £1+o
Will LiiToe

ems

[
cr

(d) The items remaining from the RF exposure shall be divided into two
approximately equal groups. One group shall be used to rerun the 1
millisecond Bruceton described in 3(b) above; the other group shall
be used to rerun the 5 minute Bruceton performed in accordance with
Method 2203

‘mal density parameters shall be compared for virgin and

exposed items for both the 1 millisecond and 5 minute tests. Any
large differences in the mean indicate a propensity for RF dudding,
or possibly RF sensitization.

* This test is not recommended if the electroexplosive devices will not be

exposed to RF levels greater than the RF no-fire level, as determined by

Method 2207. The maximum RF exposure level is that maximum level determined
by Method 4303.



f items used in the control test,

o
e

rounded to the lowest intege

4~

1/2 the number

.
.

= logl0 (mean ot the control test (amps))

sigma squared for the control test

C
LXj;= logly (mean of the post-exposure test (amps))
Note

LX

To determine if the RF exposure of the EEDs has altered the DC firing
characteristics tor either the 5 minutes or 1 millisecond exposure, separately

compute
and compute

where

—

The above test 1s based on a comparison of the mean firing level of

the devices as determined by the two Bruceton tests.

2

that the RF exposure has not altered the DC tiring characteristics of the

If t¢ is less than or equal to tc, we can assume, with 95% confidence,

devices.



MIL-STD-1576 (USAF)

31 Ju

TABLE

TWO TAILLED VALUE OF T FOR 5% PROBABILITY*

ly 1984

2208-1

DEGREES OF FREEDOM te DEGREES OF FREEDOM te
1 12.7060 26 2.0560
2 4.3030 27 2.0520
3 3.1820 28 2.0480
4 2.1320 29 2.0450
5 2.5760 30 2.0423
6 2.4470 31 2.0402
7 2.3650 32 2.0381
8 2.3060 33 2.0359
9 2.2620 34 2.0338
10 2.2281 35 2.0317
11 2.2010 36 2.0296
12 2.1790 37 2.0275
13 2.1600 38 2.0253
14 2.1450 39 2.0232
15 2.1310 40 2.0211
16 2.1200 41 2.0200
17 2.1100 42 2.0190
18 2.1010 43 2.0179
19 2.0930 44 2.0169
20 2.0860 45 2.0158
21 2.0800 46 2.0148
22 2.0740 47 2.0137
23 2.0690 48 2.0127
24 2.0540 49 2.0116
25 2.0600 50 2.0106
* Values are linear interpolations from commonly published data.
-3 - METHOD 2208
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l. Purpose. To verify that the EED will not fire or degrade when subjected
to the No Fire Current.

c

. Procedure. Test EEDs shall be subjected to the specified no fire D
i s at laboratory ambient conditions. E
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1. Purpose.

MIL-STD-1576 (USAF)
31 July 1984

To verify that the EED will fire upon application of a specified

current after being subjected to a specified preconditioning and to verify

that the output of the electroexplosive device meets the requirements of the
component specifications.

I T2 1l ~d

NVLLE T

£
Iir 1.115

newevel,;

Gas producing EEDs shall be fired in a closed bomb. The following
parameters shall be measured:
(1) Time from application of current to bridgewire burn out.
(2) Time from appllcatlon of current to first indication of pressure.
(3) Time from first indication of pressure to peak pressure.
(4) Peak pressure.
Detonating EEDs shall be tested using a metal witness plate to record
output through a dent depth measurement technique. Specific
requirements of this test shall be included in the component
specification.
Firing test requirements for EEDs to be used i apacitor discharge
system shall be specified by the procuring act

METHOD 2405
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L.

Purpose.
A . .
specltied operating time.
operating mode.

< O£ A
o O« A

To verity tnat the device is capable of cycling within its
Insulation resistances are verified in each
The capability to manually safe the device is verified.

safing pin removal effort and retention capability are also confirmed.

2.

P

—
=
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Procedure.
2 omove gafine nin and measure farce/taoraue reauired far ramaval
ae. [AemMevVeE Sailng pln and measure Iordée/corque required i0r removaas \
para 5.12.4.9).
r—== === TOor T

Arm device remotely and measure cycle time (Ref para 5.12.1.3).
Measure insulation resistance(s) per Method 2117.

safe device remotely.

Measure insulation resistance(s) per Method 2117.

Cycle the device 25 more times and measure each cycle time (safe
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u
Measure ins ulatlon resistance per Method 2117.

Arm device remotely and measure cycle time.

Measure insulation resistance per Method 2117,

Manually safe the device and measure angular displacement of safe
rotation as required (Ref para 5.12.3.l.g).

Verify S&A safing pin can be inserted and removed without binding
Install i
Measure in safe

current

osit
(o2 3 B &

5.12.4.h)

EEDs or simulator resistors are installed, measure resistance(s) to

to
rh

to

verify continuity of circuits.

METHOD 2406
31 JULY 1984



