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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 26871:2012(E)

Space systems — Explosive systems and devices

1 Scope

This International Standard specifies requirements for the use of explosives on spacecraft and other
space products, including launch vehicles. It addresses the aspects of design, analysis, verification,
manufacturing, operations and safety.

NOTH Specific requirements for man-rating are not addressed.

2 Normative references

The following documents, in whole or in part, are normatively referenced jin this docunient and are
indigpensable for its application. For dated references, only the editidn)cited applies. For undated
referjences, the latest edition of the referenced document (including anyamendments) applies.

ISO 14300-1, Space systems — Programme management — Part 1:Structuring of a project
ST/SG/AC.10/1, UN Recommendations on the transport of dangerous goods (Model Regulations)
UNOManual of Tests and Criteria. United Nations, Fifth Edition, 2010

Mil-std 1576, Electroexplosive Subsystem Safety Requirements and Test Methods for Space Systems, USAF, 1992

3 Terms, definitions, abbreviated terms and symbols

3.1 | Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1.1
actuptor
component that performs\the moving function of a mechanism

NOTH An actuatpran be either an electric motor, or any other mechanical (e.g. spring) or electrjic component
or paft providing the torque or force for the motion of the mechanism.

3.1.2
all-fire leyel
lowept lével of the fire stimulus (including rise time, shape, duration), which results in initiation of a first
element)(initiator) within a specific reliability and confidence level as determined by test and analysis

NOTE1 The stimulus duration shall be compliant with the system.
NOTE2  Itisrecommended thatthe testsequence be carried out at the lowest temperature of the operating range.
NOTE 3  The probability of functioning should be equal to or better than 0,999 at the 95 % confidence level.

3.1.3
armed
condition that allows the probability of a wanted event to be above an agreed limit

© IS0 2012 - All rights reserved 1
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3.14
cartridge
explosive device designed to produce pressure for performing a mechanical function

NOTE A cartridge is called an initiator if it is the first or only explosive element in an explosive train.

3.1.5
catastrophic failure
failure resulting in loss of life, loss of mission or loss of launch capability

3.1.6
charge
explosive lopded in a cartridge, detonator or separate container for use in a explosive device

3.1.7
component]
smallest furjctional item in a explosive subsystem

3.1.8
deflagration
reaction of gombustion through a substance at subsonic velocity in the reactingsubstance

3.1.9

detonation
chemical decomposition propagating through the explosive at a supersonic velocity such that a shock
wave is gen¢rated

3.1.10
detonator
first element whose output is a high-order detonation

NOTE Dé¢tonators are generally used to effect detonation transfers within explosive trains.

3.1.11
dud

explosive cljarge or component that fails.to fire or function upon receipt of the prescribed initipting
stimulus, affter an external effect (iithan failure, manufacturing failure, environmental, cherical,
ageing, etc.)

3.1.12
electro-explosive device
explosive cartridge that is‘electrically actuated

3.1.13
end user
person who] or,organization that, actually uses a product

NOTE Tl afmducaric ot nacnccarilytbhn Avazae A haivgage
R SE TS ROt e CesSSaT Ty et oWt ooty e+

3.1.14

explosive US

energetic material GB

material which is capable of undergoing an explosion when subjected to heat, impact, friction, detonation
or other suitable initiation

3.1.15
explosive actuator
mechanism that converts the products of explosion into useful mechanical work

3.1.16
explosive component
any discrete item containing an explosive substance

2 © IS0 2012 - All rights reserved


https://standardsiso.com/api/?name=44c0848a08ba42c20223ea670ac21fd3

IS0 26871:2012(E)

3.1.17
explosive function
any function that uses energy released from explosive substances for its operation

3.1.18

explosive system
collection of all the explosive trains on the spacecraft or launcher system, and the interface aspects
of any on-board computers, launch operation equipment, ground support and test equipment and all
software associated with explosive functions

3.1.19

expl
serie
and ¢

3.1.2
extr
posit

NOTH

3.1.2
8as g
expl
EXAN

3.1.2
initi
first
elect

NOTH
hot p
prim
devid
effec

NOTH
NOTH

3.1.2
laun

D;VC tl a;u
s of explosive components, including initiating and igniting elements, explosive transf
bxplosive actuator, arranged to realise the pyro effect required

0
bme envelope
ive margin over the conditions of the qualification envelope

1
fenerator
sive device that produces a volume of gas or exothermic/output or both

PLE Pyrotechnic igniters for solid propulsion applications, gas generator for inflatable st

2
htor

explosive element in an explosive train which, upon receipt of the proper mechanics
rical impulse, produces a deflagrating or detonating action

1  The initiator is divided into three'categories: 1) igniter, a first element whose output is
articles (igniters may be initiators foissolid or liquid propellant); 2) squib, a first element wh
hrily gas and heat (squibs may be initiators for gas generators and igniters or may be cartridge
es); 3) detonator, a first element.whose output is a high-order detonation (detonators are gen
detonation transfers withip-explosive trains).

3 Initiators can‘be‘electrically (EEDs), optically or mechanically actuated.

3
her

launch vehicle
system used-to transport a payload into orbit

3.1.24

The device or system design is based on the conditions that definettheextreme envelope.

er assembly

ructures.

1, optical or

hot gases and
ose output is
b for actuated
brally used to

2 The deflagratinger detonating action is transmitted to the elements following in the trajn.

lifetime
period over which any properties are required to be within defined limits

3.1.25

lot

batch
group of components produced in homogeneous groups and under uniform conditions

3.1.26
lot acceptance
demonstration by measurement or test that a lot of items meet its requirements

© ISO
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3.1.27

no-fire level

maximallevel ofinputenergy with anignition stimulus (including nominal rise time and shape asrequired
by the system, but with a 5 min extended duration), to a first element (initiator) at which initiation will

not occur within a specific reliability and confidence level as determined by test and analysis

NOTE1 Itisrecommended thatthe testsequence be carried out at the hottest temperature of the operating range.
NOTE 2  The probability of functioning should be less than or equal to 0,001 at the 95 % confidence level.
NOTE 3 A first element tested at this level shall remain safe and functional and shall guarantee the level of
performances required after the no-fire level test.

3.1.28

operational envelope

set of condit

3.1.29
packaged c
explosive m

3.1.30
primary ex|
substance o

ions in which the device or system meets its requirements

harge
hterial in a closed container

plosive
I mixture of substances used to initiate a detonation or burping reaction

NOTE In| their intended role, these materials are sensitive to a range‘of thermal, mechanical and elecfrical
stimuli, inclufing exposures during processing.

3.1.31

pyrotechnif device

device or a§sembly containing, or actuated by, propellants or explosives, with the exception of |arge
rocket mot:|lrs

NOTE Injfitiators, ignitors, detonators, squibs,.safe and arm devices, booster cartridges, pressure cartridges,
separation bdltsand nuts, pin pullers, linear sepatation systems, shaped charges, explosive guillotines, pyrovalves,
detonation trpnsfer assemblies (mild detonating fuse, confined detonating cord, confined detonating fuse, shiglded

mild detonat
other similar

3.1.32
qualificatid
positive ma

3.1.33
safe
condition th|

3.1.34

ng cord, etc.), through-bulkhead initiators, mortars, thrusters, explosive circuit interrupters
items.

n envelope
gin over the conditions of the operational envelope

at renders the probability of an unwanted event below an agreed limit

, and

scoop-proof connector
connector shell design in which the male contacts are recessed into the connector body to prevent
mismating damage to pins (especially in blind mating applications)

3.1.35

secondary characteristic
any characteristic other than the function

3.1.36

secondary explosive
substance or mixture which will detonate when initiated by a shock wave, but which normally does not
detonate when heated or ignited

© ISO 2012 - All rights reserved
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3.1.37
sequential firing
application of the firing pulses to initiators separated in time

3.1.38
spacecraft
satellite or other orbiting vehicle with self-propulsion

3.1.39
space vehicle
any satellite or launch vehicle

3.1.40
success
simultaneous achievement by all characteristics of required performance

3.1.41
sympathetic firing
firing of other explosive devices due to the output of any other

3.1.42
tranffer line
linealr explosive assembly for propagation of deflagration or detenation

3.1.43
thropgh-bulkhead initiator
TBI
devige for transfer of detonating input to detonating or deflagrating output across a lermetically
sealdd barrier

3.1.44
user|manual
docujment provided by the supplier to describe all the appropriate rules of operations

3.2 | Abbreviated terms

AIT Assembly, integration and test

AlV Assembly, integration and verification
A/N As neegssary

CDR Critical design review

DC Direct current

DKP Design key point documentation
DMPL Declared materials and processes list
DRB Delivery review board

DRD Document requirements definition
DSC Differential scanning calorimetric
DTA Differential thermal analysis

EED Electro-explosive device

EMC Electromagnetic compatibility

© IS0 2012 - All rights reserved 5
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EMI
ESD
FMECA
FTA
FOSU
FOSY
GSE
ICD
MEOP
MRR
N/A
NC

NO
PDR
PUM

RAMS
RF
RFP
s/C
SRS
TBI
TBPM
TBPU
TGA
TRR
UM
UNO
VDC

VTS

Electromagnetic interference

Electrostatic discharge

Failure modes, effects and criticality analysis
Fault tree analysis

Ultimate design factor of safety

Yield design factor of safety

Ground support equipment

Interface control document

Maximum expected operating pressure
Manufacturing readiness review

Not applicable

Normally closed

Normally open

Preliminary design review

User manual

Reliability

Reliability, availability, maintainability, safety
Radio frequency

Request for proposal

Spacecraft

Shock response-speCtrum
Through-bulkhead initiator

To be previded by manufacturer

To'be provided by user

Thermo-gravimetric analysis
Test readiness review

User manual

United Nations Organization
Voltage direct current

Vacuum thermal stability

© ISO 2012 - All rights reserved
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3.3 Symbols

A Ampere

F Force

Fp Inertial resistance force
FL, Deliverable output force
g Standard surface gravity (9,806 65 m/s2)
h Drop height (m)

He Helium

Ik Inertial force

IT Inertial torque

Kg Explosive factor

Kip Local design factor

Km Model factor

KMP Margin policy factor

Kp Project factor

KO Kick-off

Kp Project factor

M Mass of drop weight (kg)
scc Square centimetre cubic
T Torque

Tp Inertial resiStance torque
TL Deliverable output torque
\Y Volb

o Standard deviation

4 Requirements
4.1 General

4.1.1 Background information

Since an explosive item used for flight can function only once, it can never be fully tested before its
crucial mission operation. The required confidence can only be established indirectly by testing
identical items. Test results and theoretical justification are essential to demonstrate fulfilment of the
requirements. The requirement for repeatability shows that product assurance plays a crucial role in
support of technical aspects.

© IS0 2012 - All rights reserved 7
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The need for statistics requires that the explosive components used in an explosive system be tested
and characterized extensively. The variability in components means it is essential that manufacturers
provide customers with proof that the delivered items are identical to those qualified.

Failure or unintentional operation of an explosive item can be catastrophic for the whole mission and
life-threatening. Specific requirements can exist for the items associated with it. As all explosives,
whatever their use, are to be treated in a similar fashion, the same requirements, regulations, practices
and standards need to be applied, which will help to avoid human error.

If there is sufficient data to establish the reliability and confidence level for any given performance
against any given condition, this should be done. Subsequently, all margins should be converted into

standard d
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Single-shot
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bd from the perspective of a specific project context, the requirements defined*in
11 Standard should be tailored to match the genuine requirements of the particular pj
tances of a project.

iloring is a process by which individual requirements of specifications, stahdards and re
e evaluated, and made applicable to a specific project by selection and, in-somie exceptional
of existing or addition of new requirements.

ments of this International Standard are drawn from the more*detailed specificatio
1] and ECSS-E-ST-33-11C[31.

n

'view

hlly applicable, the requirements stated in this section apply throughout and are not repg
ns relating to specific topics.

'stems and devices use energetic materials{lexplosives, propellants, powder) initiatq
electrical, thermal, or optical stimuli, fer unique (single-shot) functions, e.g. solid bo
ructure cutting, stage distancing, pressurized venting, stage neutralization, valve opg
blease of solar arrays, antennas, begnis, covers and instruments.

ies of the initiator govern the major part of the behaviour of the system.

ments for initiators and their derivatives, such as cartridges and detonators, are define
hirements related to thé.specific types.

f explosive compgments and systems, which cannot be covered by requirements fof

bne, are defined ipspecific requirements relating to the types of actuator.

bnents of the€xplosive system, which can be tested and do not need specific requireme
to the géneral technical and product assurance requirements. Detailed aspects of 1

are included where they have a significant influence on the success of the system.

qualificatior

itéms can never be tested in advance. Particular care is needed in their develop£
) )

this
rofile

lated
ases,

s of

rated

d by
bster
ning

din

the

nts,

hese

ent,
0-1.

Safe handling and usage of explosive components are not governed by individual users or the suppliers.

4.1.3 App

licability

This International Standard applies in addition to any existing standards and requirements applicable
to spacecraft or launchers.

4.1.4 Properties

a) The two states of the properties of the explosive system (before firing and after firing) shall be
identified and listed in a specific document for shipper and user.

© ISO 2012 - All rights rese
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b) For every explosive component, the function, primary stimulus, unwanted stimuli and secondary
characteristics shall be identified and quantified.

c) Only qualified and lot-accepted items shall be used in flight systems.

d) The properties for the two states of the explosive system (before firing and after firing) referred to
initem a) of this list shall remain stable over time when subjected to external loads or environmental
conditions, within the qualification values.

4.2 Design

4.2.1 General

a) Redundant trains shall be designed such that the first component to fire does nqt adversely

ffect the second.

b) The system lay-out should facilitate the replacement of subsystems or components.

c) Parts of the explosive system and devices identified as critical on the'basis of a RAMS apalysis shall

e replaceable.
d) Replaceable parts and substitutes shall be listed in the user manualof the explosive system|and devices.

4.2.2 Reliability and confidence levels

a)

b)

f)

g)

:Ilt shall be agreed between the customer and the supplier which performance paramet
efined as mean values with associated standard{deviation [see g) below].

The explosive system shall achieve the specified properties within defined levels of re
¢onfidence agreed between the customer and the supplier.

INOTE1  All components are contributagrs.
INOTE 2  This International Standard specifies critical safety and performance properties.

The reliability of components'shall be equal to or better than 0,999 with a confidence ¢
r better than 95 %.

The probability of unwanted functioning of components shall be less than or equal to
¢onfidence level equal to or better than 95 %.

The performanee characteristics of components at any level of assembly shall be spe
gpecified level of reliability and confidence [see b) above].

The safety characteristics of items at any level of assembly shall be specified at the sped
feliability and confidence [see c) above].

brs are to be

liability and

bvel equal to

D,001 with a

cified at the

ified level of

Thesupphershattprovide documentation, for cCustomer approval, jJustifying the vatiaity
methods used to determine the product performances.

4.2.3 Performance

a)

b)

fstatistical

Except as specified in b) below, all performances shall be quantified by measurement versus time of

initial, transitional, and final values of the specified properties.

NOTE Specified properties are listed in 4.11 and 4.12.

The specified time interval [defined in a)] shall be identified and measured between either

1) aclear reproducible initiation event and the attainment of the performance value, or

© IS0 2012 - All rights reserved
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nitiation event and 90 % of the measured performance value.

c) For performance that cannot be quantified based on measurements, an acceptance procedure shall
be agreed between the supplier and the customer.

d) Thebas

is of the time shall be specified and justified.

4.2.4 Wanted and unwanted response

a) For wanted response, the response of any component, when subjected to the specified minimum
probable stimulus, shall be demonstrated to be more than the specified lower limit agreed between

the custonrerandthe aupplicl.

b) For unw
possiblg
the cust

NOTE
4.2.5 Dim

4.2.5.1 St
The explosiy
— theinte
the extd

NOTE

4.2.5.2 Explosive charge dimensioning

a) Theme
shall be

NOTE 1
b) Design|
For detg

K= Kup

d) A “mar

This applies to safety and failure.

These loads represent the sum of pre-load, staticjydynamic, thermal and any other load seen in se

ranted response, the response of any component, when subjected to the specifiedmaxi
disturbance, shall be demonstrated to be less than the specified upper limit agreed bety
omer and the supplier.

ensioning

rength
re system shall sustain, before, during and after firing:
nal loads due to operation, and

rnal loads defined by the user.

hodology for dimensioning the charge of the explosive devices (using or not the model
justified.

Dimensioning is done atthe worst case (e.g. temperature of the qualification envelope).
actors and additional-factor values defined in this clause shall be agreed with the cust
rmination of the explosive charge, the design factor K shall be used, as defined hereing

XKEXKPXKM

mum
iveen

rvice.

ling)

mer.

fter:

binpolicy factor”, Kmp; shall be defined, justified and applied in accordance with the

method

plogy given in Annex A.

NOTE 2

This factor, used to give confidence to the design, covers (non-exhaustive list)

— the lack of knowledge on the failure modes and associated criteria,

— the lack of knowledge on the effect of interaction of loadings, and

— the non-tested zones.

NOTE 3
experim

NOTE 4

10

Justification can be performed based on relevant historical practice and analytic
ental means.

al or

Kwmp can have different values according to the technology used for the device (e.g. expanding
tube, cutter, pyrotechnic actuator).

© ISO 2012 - All rights reserved
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At arly step, a minimization of the explosive charge shall be taken into account.

IS0 26871:2012(E)

NOTE5  While going through the design refinement loops, Kmp can be progressively reduced down to 1,0
after justification.

When modelling is performed, a “model factor”, Ky, shall be applied to account for uncertainties in
mathematical models when used for prediction of behaviour and induced load.

NOTE 6  Kp isapplied in cases where uncertainty exists in the model.

NOTE 7  While going through the design refinement loops, Ky can be progressively reduced down to 1,0
after the demonstration of satisfactory correlation between model and test measurements.

A specific “project factor”, Kp, shall be defined, justified and applied to account for the programme
Maturity and the conildence In the speciiication given to the project.

INOTE8  Kpis generally defined by the project and can be reduced during the development.
INOTE9  Kp can also cover a growth potential for some further development (e.g.generic profuct).

An “explosive factor”, Kg, shall be applied for uncertainties on the behavieuiof explosivelmaterials in
tthe mission profile (e.g. ageing and temperature influences, batch influence, material compatibility).

INOTE 10 Typical values are given in Table 1.

Table 1 — Explosive factor

Explosive materials Kg
Pyrotechnic compositions 21,1
Propellants (e.g. NC; NC/NG, composite) >1,2
HE (pure) 1,1
HE (composite) >1,2

An 3geing programme and manufacturing qualification process (e.g. batch influen¢e, wear of

manfifacturing tool) shall be useditoreduce the Kg factor.

h)

For phases C and D of the"component, when all requirements are totally set up, the reliability
demonstration shall heused to justify design margins, including the influence of ageing, temperature
gnd explosive batch:

INOTE 12 See Figure 1.

INOTE 13 _R'isthe estimated reliability, R* and R~ are the limits according to the confidence leyel required.

Probability &
distribution
Required
PDarfarmanca . N N .
Statisticatdistribution
/ of the performance
Phase C, D
. r N
L Jd ” .
Performance 7
R '} (reliability 21)

Figure 1 — Margin and reliability relationship
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4.2.5.3 Integrity of the explosive system

a)
b)

c)

d)

f)

4.2.5.4 Mpe¢torization

The following motorization factor requirements are applicable to explosively actuated devices:

The explosive system shall maintain its integrity and position during its lifetime.

A “margin policy” shall be defined, justified and applied in accordance with the methodology
given in Annex A.

Components that are intended not to rupture during operation, when installed into their
explosive system interfaces, shall be able to withstand the maximum expected operational loads
times a factor FOSU.

The facfors FOSY and FOSU shall be consistent with the values given in Annex B depending-oh the
materialls used.

The defprmation of a component shall not
1) redpce its specified performance,

2) affgct any part of the system,

3) caupe leakage.

During the development phase, a dedicated margin policy shall be defined, justified and appligd for
each case identified in FMECA, from major to catastrophic.

a) toprovide throughout the operational lifetime and\e¥ér the full range of travel actuation torqugs (or
forces) according to provision d) or €);
b) to deriye the factored worst-case resistive-torques (or forces), the components of resistpnce,
considefing in-orbit worst-case conditighs-(environmental effects, e.g. vacuum, temperature,(zero
G) shallfbe multiplied by the minimumruncertainty factors specified in Table 2;
Table2'— Minimum uncertainty factors
Component of resistance Symbol Thefeoretlcal Measured fac-
actor tor
Inértia I (or If) 1,1 1,1
Spring S 1,2 1,2
Metearmagnetic losses Hwm 1,5 1,2
Friction FRr 3 1,5
Hysteresis Hy 3 1.5
Other (harness) Hp 3 1,5
Adhesion Hp 3 3
c) The theoretical uncertainty factors in Table 2 may be reduced to the measured factors providing
the worst-case measured torque or force-resistive components are determined by measurement
according to a test procedure approved by the customer and demonstrate the adequacy of
the uncertainty factor with respect to the dispersions of the resistive component functional
performances.
d) The minimum actuation torque (Tyin) shall be derived from the following equation:
Tmin = 2,0 x (1,117 + 1,25+ 1,5Hv + 3FR + 3Hy + 3Ha + 3Hp) +1,25Tp + T,
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where
It isthe inertial torque applied to a device subjected to acceleration in an inertial frame of
reference (e.g. spinning spacecraft, payload or other);
Tp isthe inertial resistance torque caused by the worst-case acceleration function specified
by the customer at the device level;
T1, is the deliverable output torque, when specified by the customer.
e) Theminimum actuation force (F... ) shallbe derived using the following eguation:
I o o 1

wherte

f)

4.3
a)

b)

g)

HAmin=2,0 x (1,1Ig + 1,25+ 1,5Hy + 3 FR + 3 Hy + 3 Hpa+ 3 Hp) + 1,25 Fp + F|,

Ir  is the inertial force applied to a device subjected to acceleration in an inertial
reference (e.g. spinning spacecraft, payload or other);

Fp Fpistheinertial resistance force caused by the worst-case acceleration funct
fied by the customer at the device level;

F1, is the deliverable output force, when specified by the customer.

.

[he kinetic energy of the moving components shalliot be taken into account to meet
motorization factor.

Mission

The use of explosive functions, including those for flight termination and range safet
phases of the mission, shall be specified.

.

[he environmental condition$, life cycle and functions being activated shall be specifig

EXAMPLE Ground storage, transport, launcher ignition, staging and safety functi
deparation, motor ignitien, solar array, antenna, boom or cover release, propulsion system br
r closing, de-orbiting,

Mission-related requirements placed on the explosive system shall be specified.

Functionality

|

he timing of each function of the explosive system shall be specified.

frame of

on speci-

he specified

y, during all

d.

bns, payload
hnch opening

The nvp]ncivn system shall react nn]y toa Qpnr‘ifipd stimulus (n g nature,range of valu

es) and shall

be insensitive to all others.

The explosive system shall ensure that the correct stimulus arrives at the specified
specified time.

place at the

The explosive system shall prevent the stimulus from reaching the initiator at any other time.

Unwanted functions or malfunctions shall be prevented.
The firing sequence (simultaneous or sequential) shall cause no anomaly.
NOTE This applies to secondary characteristics as well as to explosive functions.

Explosive systems shall be single-fault tolerant.

© IS0 2012 - All rights reserved
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h) Explosive systems shall be two-fault tolerant, if premature initiation causes a catastrophic failure.

i) If loss of function is safety-critical or catastrophic, the explosive system shall avoid single-point

failures

and include at least two initiators.

j)  Provision shall be made within the explosive system to protect its components against unwanted
operation or degradation.

4.5 Safety

4.5.1 General

a) Thesys
b) Foraca
c) Theres

by the n
d) Anexpl
4.5.2 Prey
4.5.2.1 Ge€
a) Thefiri

any expllosive initiator at any time except the correct irfstant by means of switchable barriers

electric

b) Provisiq
and eleq

c) Iftheex
1) sha
2) sha
3) sha

d) Forexp

risk shalll be a mechanical barrier.

e) The pri}
f) Strayci

Fem, including software and procedures, shall be Fail-Safe.
astrophic risk, the explosive system shall be Fail-Safe/Fail-Safe or Fail-Operatienal/Fail

bonse of any explosive device to conditions outside the conditions specified.shall be rep
hanufacturer to the user.

bsive subsystem shall only respond to commands intended for that€xplosive subsyste
rention of unintentional function

neral
g pulse (e.g. detonating shock, electrical pulse, lightpulse) shall be prevented from rea
h1, mechanical, plugs, pins).

n shall be made to prevent firing in respornse to radio frequency, lightning, a magnetic
trostatic discharge.

plosive system contains two or more barriers, then at least two of these barriers
1 be independent,

1 not be subject to commion’cause failure, and

1 each provide complete disconnection of the firing circuit.

osive systems/dnvolving a potential catastrophic risk, the barrier close to the source d

mary andwedundant EEDs shall not be activated through the same electrical firing cirg

Fcuits'or coupling, which can result in unintentional firing, shall be avoided.

Safe.

rted

m.

thing
(e.g.

field

f the

uit.

4.5.2.2 Sa
a) The pre
b) The pre

fe and arm device pre-arm function
-arm function shall be the fourth last in a sequence of functions.

-arm function shall be independent and respond only to a unique action.

c) The pre-arm function shall remain in its switched state after operation until the fire function has
reverted to its initial state.

d) The pre

NOTE A

14

-arm function can include the select function.

safe and arm device is not always included.
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4.5.2.3 Select function

a) The select function shall be the third last in a sequence of functions.

b) The select function shall select the explosive devices.

c) The select function shall be independent and respond only to a unique command.
d) The select function shall be used to control only one explosive function.

e) Itshallrevertto itsinitial state after the fire command within an interval agreed with the customer.

4.5.2.4 Arm function

a) The arm function shall be the second-last action in the sequence.

b) The arm function shall be independent and respond only to a unique command.
c¢) Thearm function shall be used to control only one explosive function.

d) It shall be possible to restore its initial (disarmed) state after the.arm command within an interval
jgreed with the customer.

4.5.2.5 Fire function

a) The fire function shall be the last action in the sequence.

b) The fire function may be used to activate a number of explosive devices.

c) The fire function shall be independent and respond only to a unique command.

d) The fire function shall revert to its initial'state after the firing command within an int¢rval agreed
yvith the customer.

4.6 | Survival and operational conditions

a) The explosive system shallsurvive the specified sequence of conditions without malfupctioning or
degrading beyond the-specified limits.

b) The explosive system shall operate between the extremes of the ranges and combinations of
gpecified conditieris.

c) The limits wsed for the qualification of elements and interfaces shall comply with the specified
freliabilitynand confidence.

d) End'asers shall specify the characteristics of the expected environment.

e) Theend user shall specify the explosive system constraints.

f) Theexplosive system shall limit the mechanical, electrical and thermal effects of its operation within
limits agreed with the user to avoid disturbance (e.g. shock, electrical short circuits, magnetic fields)
or damage to other sensitive elements on the space vehicle.

NOTE For verification tests, see 4.14.
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4.7 Interface requirements

4.7.1 General

The natures

of the interfaces are

— geometry, including the analysis of the dimensions for all phases of life (e.g. assembly, transport, flight);

— mechan

ical, including induced loads, static and dynamic;

— fluids, including venting;

— therma

— electric

— materialls, including ensuring compatibility.

4.7.2 Fun
a) Eachinf
1) ens
2) pre
b) Whiles
NOTE 1
c¢) Whencl]
NOTE 2
d) Each int
1) the
2) the
4.7.3 Inte
a) Each elg
b) Each eld
with.m
require

loads;

b1, including ensuring electrical continuity and EMC;

ctional

erface shall

Lire no assembly errors can be made, and

vent damage during assembly or dismantling.

bparated, protection shall be provided to each interface.

This is to prevent activation or damage by externalloads and environmental conditions.

psed, each interface shall establish stable continuity of properties between the joined elemn

ents.

Thisisto preventdisturbance of, orbeingdisturbed by, externalloads and environmental condifions.

erface shall sustain, without degradation in both coupled and separated states,
assembly and dismantling daty-cycle, and

operational and enviroimental conditions of the application.

rnal
ment in the explosive system shall be compatible with its neighbour.

bment shall provide outputs (e.g. electrical, mechanical, thermal, optical) at each inte

ments;

rface

hrgins<over the input requirements of the next element or the explosive system otyitput

4.7.4 External

a) The explosive system shall be compatible with the requirements of all other subsystems on board,

externa

1 loading and environmental conditions.

b) If case a) of this list cannot be met, it shall be agreed with the user that

1) either the on-board system requirements be changed, or

2) protection against the environmental conditions be provided or the external loads on the

exp

16

losive system be reduced.
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4.8 Mechanical, electrical, and thermal requirements
4.8.1 Mechanical

4.8.1.1 Inertial properties
The supplier shall provide the customer with
a) the mass,

b) the centre of mass,

c) theinertial properties, and
d) the numerical model, upon request of the user,

of the components before and after firing.

4.8.1.2 Main fixings

Each|element of the explosive system shall be provided with an interface compatible with the methods
of atfachment to the structure or appendage agreed with the custonier.

4.8.1.3 Modularity of the system

a) The explosive system shall be assembled from modular components.

b) ]I shall be possible to test the components separately.
c)

shall be ensured that attachment, installation, repair and replacement can be dpne without
dffecting the surrounding equipment.

4.8.1.4 Avoidance of confusion

a) It shall be ensured, using dedicated marking, that components intended for different ppplications
¢annot be confused.

EXAMPLE Inert compenents (dummies, etc.) versus live items (test models, flight models,|qualification
nodels, etc.)

b) Kor launchers, {hecolour code (see Annex C) can be applied.

INOTE This is to prevent confusion and to ensure incorrect items are not used for flight or gualification.

4.8.1.5 . Accessibility

a) ceacce challha nravidad thranaghanttha ¢
TOVvTtr T T >

LCCToSSToT ot P T C T T o s IoTT T

1) to the initiators, safe, test, and arm plugs for connection,
2) for measurements of properties, and
3) to all elements for inspection.

b) Access shall be safe and convenient, as agreed with the customer.
4.8.2 Electrical

4.8.2.1 General

a) The explosive system firing sources shall have their own power distribution points.
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requirements. This shall be demonstrated by testing.

If the firing source circuit takes power from the host vehicle, either

from payload structure by at least 10 kQ, or

circuit and host vehicle return circuit,

The explosive system shall provide power pulses toinitiators atthe times required by the application.

The power pulse, shape, amplitude and duration shall be as specified in the initiator input

the return side shall not be grounded on the payload side of the interface, and shall be isolated

isolation converters shall be used to provide at least 10 k() isolation between payload return

when rr]easured at a minimum of 1,5 times the bus voltage.

b)
c)
d)
1y
2)
4.8.2.2 Ci
a) EEDssh
b) Asepar
c) Ifcaseq
custom
d) Itshall
the prey
NOTE
4.8.2.3 Pg

The power 3
actuation of]
(both pin-to

"cuit independence
all not be connected in series or parallel with each other.
hte command shall activate each component for launch vehicles.

) in this list cannot be met, the alternative circuit shall be justified and agreed betwee
er and the supplier.

be verified by test or analysis that the circuits meet the ‘requirements on reliability ay
rention of unintentional function.

See 4.2.2and 4.5.2.

wer system overload

upply shall ensure that the power subsystem is not overloaded before, during or afte

n the

1d on

r the

any explosive device, even in the casé-of a single-point failure together with a short-circuit

-pin and pin-to-ground).

ectromagnetic compatibility (EMC)

losive system power, command and control electrical circuitry shall limit the generat

i
hagnetic fields or conduicted noise to a level at least 20 dB below the no-fire power ratirr)lg.

losive system.-shall provide shielding to the same levels noted in a) when exposs
ly generated-electromagnetic fields.

circuits¢shall limit the power level at any barrier to at least 20 dB below the mini
bn power:

n of

bd to

mum

4.8.2.4 El
a) The exp
electrof
b) The ex
external
c) Control
activati
4.8.2.5 El

pctrostatic discharge

a) Explosive systems and components shall

1y
2) not

survive,

be degraded by specified electrostatic discharges,

3) be tested to verify survivability.

b) Protective features shall

1) be provided to prevent initiation,

2) be provided to prevent change of state of barriers,

18
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3) be provided to prevent parasitic paths,

4) be tested to verify effectiveness.

Electrostatic discharge to ground through the explosive elements shall be prevented.

Build-up of electrostatic charges shall be prevented.

Measures to satisfy requirement d) of this list shall not violate single-point grounding requirements.

All ESD-sensitive components shall be identified and listed.

L 1 | 1 b At - 1 1 111 - | |
U IHPIAIITIICU TITUTTUSLAUILU UISUIIAI gC5 STdIT DT dVUIUTU.

The yoltage drop in the electrical circuit shall be taken into account when providing the required firing pulse.

4.8.2.7 Electrical bonding

a)

b)
‘)

4.8.2.8 Isolation

a)
b)

c)

d)

The resistance to electrical ground shall not exceed the specified\wvalue according to fhe bonding
requirements given in Figure 2.

The metallic parts of the explosive components shall be bended by direct contact.

.

[he shielding of the firing circuits shall be bonded at least at both ends.

10 mo
H 3 !"\-1

Connectof

Eguipment

Equipment §
wonding stud

7.5 m0 Vehicle-honding
stud

Ground reference
3 mi)

L - Bonding strap

Figure 2 — Bonding requirements

Eversy electrical firing circuit and monitoring circuit shall be electrically independent.

The explosive system shall isolate the function to prevent power drain or parasitic paths before and
after firing.

Provision shall be made to isolate power lines and return lines of the explosive system from
electrical ground.

NOTE This is to prevent continued drain on the power system after firing, when, for example, a short
circuit to ground can occur.

Provisions for redundancy shall not prevent fulfilment of requirement a) of this list.
Safe and arm device control and check-out circuits shall

1) beindependent of the firing circuits, and
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2) use separate non-interchangeable connectors.

4.8.2.9 Insulation resistance

The explosive system shall neither function nor degrade as a result of the potential difference between
the firing circuits and the shielding or the ground within specified limits.

4.8.2.10 Dielectric strength

The explosive system shall neither function nor degrade as a result of leakage current of electrical firing
circuits to ground.

4.8.2.11 Sepnsitivity to RF energy
a) When exposed to RF conditions, the induced current shall not exceed the greater ofthe followjng:
1) 20 B below the no-fire current;

2) 20 dB below the RF sensitivity threshold (any reaction of the component, even a non-norinal
one| — reliability and confidence levels are given in Table 2).

NOTE If no RF limit is known, the DC limit can be used.

b) When ekposed to RF conditions, the explosive system shall not b€ degraded.

4.8.2.12 Magnetic cleanliness
a) The makimum level of residual magnetism shall be agreed with the end user.
NOTE Reduced levels can be achieved by the choice of suitable materials.
b) The supplier shall provide the customer with/the magnetic properties of the components.

c) The expllosive system shall not generate magnetic fields exceeding the electromagnetic interfefence
safety margins level required (TBPU).

4.8.2.13 Lightning

a) Explosive systems shall preclude activation due to electrical potential differences, or cufrent
generatpd within the explgsive system by exposure to lightning.

b) Explosiye systems should preclude degradation by exposure to lightning.

4.8.3 Thermal

4.8.3.1 Sepnsitivity

a) Explosive systems and components shall
1) survive,
2) notbe degraded by defined thermal loads in terms of intensity, duration and cycling, and
3) Dbe tested to verify survivability.
b) Protective features shall
1) be provided to prevent unintended initiation,

2) be provided to prevent loss of performance, and
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3) Dbe tested to verify effectiveness.

c) Build-up of heat shall be prevented.

d) All thermally sensitive components shall be shielded or otherwise protected from the environment.

e) Explosive systems and components shall not ignite at temperatures more than 30 C higher than the
maximum expected environmental temperature.

NOTE This is to ensure no auto-ignition or “cook-off”.

4.8.3.2 _Heat generation

The ¢xplosive system shall not generate heat causing temperatures which exceed the specified limits.

4.8.4 Status check

4.8.4.1 General

a) The explosive system shall provide for
1) measurements of electrical or optical properties during the integration of any circuit before

and after firing, without inducing firing, unintentionalstatus changes or degradation, and

2) theindication of at least the status of the pre-arm and select barriers during the mjission.

b) It shall be possible to verify the status of the barriers protecting the initiator befofe inserting
the arming plug.

c) (Check-out circuits shall not allow currentflow or electrostatic discharge causing upintentional
effects in the explosive system.
INOTE This applies also after any single failure.

d) Any checking out of the status of‘electrical initiators shall limit the check-out current tp 10-2 times
the “no-fire” current on the bridge wire.

e) Apny checking-out of the sfatus of optical initiators shall limit check-out energy to 10f4 times the
Ino-fire” power densityyat the fire wavelength on the optical interface if the fire wavelength is used.

f)  The checking-outijpower or current or optical wavelength or frequency shall cause no upintentional
¢ffects or hazards, even after any single failure.

g) Any checking-out of the insulation resistance of the explosive system shall limit the voltage to 50 V DC.

h) ProviSien shall be made for an immediate warning signal to be given for any unplann¢d change of
gtatus of any explosive system control or check-out device.
EXAMPLE Thermal control requirements or material temperature limits.

4.8.4.2 Initiator status

a) Provision shall be made for on-ground checking of the initiator status.

b) Provision shall be made for access to the interface.

c) Requirements for access shall be communicated to the user and facilities authorities.

NOTE Range safety sometimes prohibits the use of these features.
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4.9 Materials

a)

f)
g)
h)

j)
k)

4.10 Non-explosive components'and equipment

4.10.1 Conpectors

a)
b)
‘)
d)

€)
f)
g)
h)
i)

22

All materials, including explosive substances, shall be compatible with those materials with which
they can come into contact.

NOTE1 Outgassing can occur during, for example, polymerization or degradation of polymers.

NOTE 2  Explosive systems use materials (e.g. explosives, propellants, powder, binders, cleaning agents,
cements) that can be toxic, corrosive, highly reactive, flammable, dangerous with direct contact.

Continued exposure to the expected environmental conditions shall not cause degradation or
increas¢d sensitivity In excess of agreed [Imits.

Any sealling system used to prevent degradation shall be demonstrated to be effective.
No cracking shall be allowed due to shock loads.
NOTE 3| Materials can become brittle at low temperatures.

Age-sensitive materials shall only be used where degradation causes nodoss of explosive system
performance beyond the limits agreed with the end user.

The natjire and condition of age-sensitive materials shall be identified’and documented in the DMPL.
The nature and condition of explosive materials shall be identified and documented in the DMPL.

Explosives that can react in response to normal environmental stimuli shall only be us¢d in
agreempnt with the user.

The properties of the explosives shall be reported and shall be compared with the migsion
requirements.

Degradation of the explosives shall not exceed agreed limits.
Degradation of explosive characteristics shall be determined by testing.

NOTE 4| Test methods can be DTA, BSC; TGA, VTS.

There shall be only-ohe connection per pin.

The requirements of 4.7.2 shall apply.

Mismating.of connectors shall be impossible (e.g. geometry, lay-out, dimensions, harness length).

The insert polarization and contact arrangement of the connectors used in the explosive system
shall not be used elsewhere on the space vehicle.

Source circuits shall be terminated by female contacts.

Spare or un-terminated contacts shall not be allowed.

Prime and redundant circuits for the same function shall not pass through the same connector.
Electrical connectors shall provide continuous shielding in all directions.

Electrical connectors shall provide continuous shielding during

1) engagement before the pins connect,
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2) disengagement after the pins disconnect.
Connector savers shall be used in agreement with AIT requirements.

NOTE This is to prevent the receptacle and contacts from wear and damage.

4.10.2 Wiring

a)

b)

4.10{3 Shielding

Electrical supply for each initiator, optical source and safe and arm device shall be by a separate

shielded, twisted-pair, line or coaxial cable (with double braid).

All connections between conductors shallbe made hy

1) soldering,

2) crimping,

3) connectors.
INOTE See 4.10.1.

Wiring used for explosives should be visibly and uniquely identifiable.

a) The firing circuit, including the initiator, shall be shielded.

b) The shield shall provide 20 dB attenuation at the.specified electromagnetic frequencies.

c) (able shielding shall provide 290 % optical coverage.

d) Double-layer cable shielding should be used.

e) [For all other element shielding, there-should be shielding at 100 % optical coverage (e.g. no gaps or
dliscontinuities, full shielding at the'back faces of the connectors, no apertures in any contafiner housing
¢lements of the firing circuit), in order to be compliant with the electromagnetic environnjent severity.

f)  $hields shall not be used for)current carrying.

NOTH Shields can be gnounded by multiple points to the structure.

4.10}4 Faraday cap

Faraglay caps shall'be used and shall prevent EEDs from being initiated by electromagnetic

4.10|5 Safety cap

fields.

a) $afety caps shall be used and shall contain the products of initiation of an explosive de¥ice.

b) Itshall not be possible to install an explosive device with the safety cap mounted.

4.10.6 Power

a) The explosive system shall make use of the available voltage and current supplies from the power
subsystem to produce power pulses of suitable size, duration and timing for each of the functions.

b) The firing pulse requirements in Table 4, row 5, and Table 6 shall apply for EEDs and laser initiators
respectively.

c) The power provided at the power distribution points shall be adequate to fulfil the requirements of

4.8.2.6, allowing for losses.
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4.10.7 Safe and arm connector

a) A connector shall be provided on the exterior surface of the space vehicle for use with manually
inserted plugs to enable

1) isolation,
2) coupling of any explosive system, and

3) testing of any explosive system.

b) Provisigmshattbemade foraccesstotheimterface:
c) Requirdments for access shall be communicated to the user, the customer and facilities atithorfities.
d) The saf¢ and arm connector shall be visibly identifiable.

e) The safg¢ and arm connector shall be qualified for the number of required connegetion cycles (d.g. to
cover irftegration, testing and use).

f) The recgptacle shall meet the requirements of 4.10.1.
NOTE 1| A sub-D connector, self-locking bayonet or triple-start thread type can be used.
g) A conngctor saver shall be used.

NOTE 2| This is to prevent the receptacle and contacts from wear-and damage.

4.10.8 Safe plug

a) For eledtrical initiators, the safe plug shall
1) shoft-circuit each initiator,
2) ground each shorted initiator circuit,
3) shoft-circuit each firing circuitsahd
4) grojnd each firing circuit.

b) For optical initiators, the safé plug shall be capable of absorbing or redirecting n times the maximum
power the laser can generate, where n is defined by the user.

c) The saf¢ plug shallbé
1) conppatible-with the safe and arm connector receptacle,

2) suiflablefor use with flight hardware,

3) suitable for the number of connection cycles necessary to cover integration, testing and use,
4) scoop proof,

5) lockable (e.g. sub-D connector, bayonet or triple-start thread type),

6) visibly identified, and

7) shall carry a “Remove before Flight” banner.
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4.10.9 Arming plug

The arming plug shall

a)

provide electrical continuity between the supply and firing circuits with electrical properties
(including resistance, isolation, bonding, and Faraday protection) in any line, and be compliant with
the requirements,

b) be compatible with the safe and arm connector,

c) be scoop-proof,

d) Ielockable (e.g. sub-D connector, bayonet or triple-start thread type), and
e) e visibly identified.

4.10{10 Test plug

The test plug shall

a) provide electrical access to the firing circuits with electrical properties (including resistance,
isolation, bonding measurements, Faraday protection and firing gurrent pulse verificatign, including
its correct distribution) in any line, and be compliant with thérequirements,

b) be compatible with the safe and arm connector,

c) 1ot carry any potential or current at the time of insertion or removal,

d) e suitable for the number of connection cycles riecessary to cover integration, test and use,

e) e suitable for use with flight hardware,

f) Ibe scoop-proof, and

g) Ibelockable (e.g. sub-D connectorybayonet or triple-start thread type).

4.10{11 Safe and arm device

4.10{11.1 General

a) [Klectrically actuated’safe and arm devices should be used.

b) A safe and ari-device shall
1) be used in applications where unplanned initiation of the explosive system can ¢ause injury,

death, or severe damage to property,
2)Oprevent the mounting of initiators in the armed position,
3) provide means of remote arming,
4) provide means of remote safing,
5) provide safing without passing through the armed position,
6) prevent manual arming,
7) provide manual safing and prevent unwanted return to arm
8) remain in the selected position under all conditions except when intentionally activated,
9) prevent the device from remaining in any state between “safe” and “arm”,
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10) arm within a time interval agreed with the user,
11) notrequire a force or torque to safe, exceeding the specified value, and

12) if actuated remotely, shall be safe within the specified time interval.

c) Itshall notbe possible to arm the safe and arm device if an initiator has been activated with the safe
and arm device in safe position.

d) The safe and arm device shall be capable of being manually positioned to “safe” during any phase of
this cyclic life.

e) The bafrier shall be removable, or a reconnection shall allow propagation when reqiired

“armed” condition).

f) Remote|operation and status indication shall be provided.

g) Local visible unambiguous status indication shall be provided.

h) All additional blocks shall be flagged “Remove before flight”.

NOTE Sqfe and arm devices can use initiator-simulator resistors.

4.10.11.2 Electrically actuated

The electricplly actuated safe and arm device

a)

b)

4.10.11.3 Mechanically actuated

shall nof have current flow exceeding 2 mA in the disarm orafe command circuit during the arpming
cycle ngr in the arm command circuit during disarm or’safing,

shall haye a demonstrated cycliclife of 1 000 safe-to-arm-to-safe transitions, or five times the number of
transitigns predicted during its lifetime, whichever is greater, without failure or degraded performpnce.

The mechanjically actuated safe and arm device shall have a demonstrated cyclic life of 300 safe-to{arm-

to-safe trangitions without failure or dégraded performance.

4.10.11.4 Safing

a)

f)

Safing shall prevent deténation or initiation transfer by
1) the[placement of@barrier between the initiator and next explosive element, or
2) misalignmeéntof the initiator and the next explosive element.

Safing shall’"disconnect power and return firing lines.

Safing shall short the EEDs.
Safing should ground the shorted EEDs through a resistance agreed with the end user.

Safing shall have one or several resistors with a resistance exceeding 10 kQ if the resistors remain
connected to the firing circuit in the arm position.

4.1.3 a) applies.

4.10.11.5 Arming

a)

26

Arming shall enable detonation or initiation transfer by

1) theremoval of a barrier between the initiator and next explosive element, or
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2) alignment of the initiator and the next explosive element.

b) Arming shall

1) connect firing power lines and return lines to EEDs,

2) remove the short from the EEDs, and

3) disconnect the EEDs from the ground.

c) During transition from “safe” to “arm”, each electrical switch shall disconnect before connecting to
the next circuit.

d) 4.1.3 a) applies.
4.10j11.6 Status indicators
a) The device shall

1

b)
o
4.10

Appl
caus

4.10
The
a) 9
b)
4.10

Any

) provide remote status indications,

1) provide local status indications,

3) indicate an “arm” status with a black “A” on a red background or a red “A”,

}) indicate a “safe” status with a white “S” on a green-background or a green “S”.
[he status indications shall be unambiguous.

Visibility of the status indicators when installed on the spacecraft or launcher shall be

11.7 Initiator-simulator resistors

cation of operational voltages for.atl€ast 20 s shall not degrade the safe and arm per
e initiation of explosives.

12 Initiator harness:¢connector
nitiator harness connector
hall comply with.the’interface requirements of the integral connector of the initiator,

hall not be used'for other purposes on the space vehicle.

13 Initiator test substitute

initiator test substitute shall be representative with respect to properties whic

resu

ts-of the test

ensured.

formance or

hnd

h affect the

4.11 Explosive components

4.11.1 General

4.11.1.1 Applicability

Subclause 4.11 applies to explosive components that cannot be fully tested before flight. For other
elements of the system, which can be fully tested before flight, the equipment environmental test

cond

itions of the user apply.

The requirements for explosive components are given below as measurements to be made after specific
preconditioning and under survival and operational conditions identified in 4.5.

© ISO

2012 - All rights reserved
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4.11.1.2 Identification

a) Each part, material or product shall be identified by a unique and permanent part or type number.

b) In addition, parts, materials and products shall be identified as individual entities or groups by
means of one or more of the following methods:

1) date codes indicating date of manufacture, to identify items made by a continuous process or
subject to degradation with age;

2) lot or batch numbers, to identify items produced in homogeneous groups and under uniform
conditions; this identification applies when the items need not be individually distinguish

able;

3) seri

c¢) Theme

al numbers, to identify individual items for which unique data shall be maintained:

hod of marking shall be compatible with the nature of the item and its use.

d) Identifi¢ation should include

— manufacturer,

— part number, lot number,

— Ser]

al number, and

— manufacturing date.

e) For lauy

f) Colour ¢

4.11.1.3 Cqg

chers, colour coding shall be used on components to indicate behaviour.

oding should be in accordance with Annex C.

ntamination

a) Contamjination shall be prevented during all'the phases of the product life.

EXAMPIL
explosiv

b) Ifrequij
amount]

NOTE
— from
— from

— relatd

E By the use of approved materials and by design to contain products of the operati
b components.

ement a) of this list cannotbe met, a component shall not be accepted unless the limits ¢
and type of contaminatioh are identified by the manufacturer and agreed with the end

The contamination-to be analysed is
the environmentto the components,
the components to the environment, and

d tocthe'innocuousness of the component during and after functioning.

on of

fthe
user.

4.11.14 A

ter functioning

After functioning, no explosive component shall cause

a) any disturbance beyond specified limits,

b) contamination beyond specified limits.

28
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4.11.2.1 General

Properties of initiators shall be in accordance with Table 3 and shall be quantified.

IS0 26871:2012(E)

Under the conditions given in column E of Table 3, the properties given in column A, expressed in the units
specified in column B, shall be between the values of column C (maximum) and those of column D (minimum).

Table 3 — Common requirements for initiator (igniter, squib, detonator, cartridge, packaged
charge) properties

reference charge

A B C D E F
Property Unit | Max. value | Min. value Condition Qther
1 ACleakage current mA TBPM TBPM
2 Bonding resistance mQ 10 N/A To next-level
assembly
Thermal response V/t TBPM TBPM
4 Leak rate scc 10-6 N/A @ Ap=0,1 MPa
He/s before and after
firing

5 Structural integrity MPa TBPM Applies tp MEOP
according to 4.2.5.2

6 Temperatures

a) Auto-ignition °C N/A TBPM

b) Non-operating °C TBPM TBPM

) Operating °C TBPM TBPM  |Duration TBPM

d) Storage °C TBPM TBPM |Duration TBPM

e) Transport °C TBPM TBPM  |Duration TBPM

7 Generated

a) Pressure MPa TBPM TBPM |TBPM Only the known
and relevlant output
parametgr shall be
provided

b) Heat ] TBPM TBPM |TBPM Only the known
and relevlant output
parametgr shall be
provided

) Light Im TBPM TBPM |TBPM Only the known
amdetevant output
parameter shall be
provided.

d) Shock pressure GPa TBPM TBPM |TBPM Only the known
and relevant output
parameter shall be
provided.

8 Probability of ignition of a 99,8% |95 % confidence.
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Table 3 (continued)

A C D E F
Property Unit | Max. value | Min. value Condition Other

9 |No. of mating/de-mating cycles TBPM TBPU |With/without
change of seals.

10 Lifetime Year TBPM N/A For transport,
storage and
operation.

4.11.2.2 1 W/T A no-Tire initiators

Properties @

Under the cd
specifiedin g

a) The miy

b) The firi
than 0,(
c) After ej
accordi

imum no-fire rating shall be 1 A (current) or 1 W (power) for 5 min.

Table 4 — Requirements for low-voltage'initiator properties

f1 W/1 A no-fire initiators shall be in accordance with Table 4 and shall be quantified

nditions given in column E of Table 4, the properties given in column A, expressed in the
olumn B, shall be between the values of column C (maximum) and those of column D (minimum).

hg probability when subjected to the no-fire current or no-fire pgwer for 5 min shall b¢
01 ata 95 % confidence level.

kposure to the no-fire current or no-fire power, the EED“shall be capable of functig
g to its requirements.

units

b less

ning

A B C D E F
Property Unit | Max. value | Min. value Condition Other

1 DC insjulation resistance MQ N/A 2 @ =250V,260s

2 Breakdown voltage kV 11 N/A

3 IESD survival kV N/X 25 @ 500 pFand 5000 Q
for pin to pin test
@ 500 pF and 0Q for pin
to case test

Dielectric strength pA 500 N/A @ 200V (AC) 260
All-fire current A TBPM TBPM >99,9 % of the units

function with a confi-
dence level of 95 % @
specified conditions

6 All-fire pewer w TBPM TBPM 299,9 % of the units
function with a confi-
dence level of 95 % @
specified conditions

7 Response time ms TBPM N/A for all-fire current or
power

8 No-fire current A N/A 1 <0,1% of the units func-
tion with a confidence
level of 95 % @ 5 min, at
specified conditions.
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Table 4 (continued)
A B C D E F
Property Unit | Max. value | Min. value Condition Other
9 No-fire power \% N/A 1 <0,1% of the units func-
tion with a confidence
level of 95% @ 5 min, at
specified conditions.
10 Bridge wire resistance Q TBPM TBPM @10 mA, <60 s, number
of applications TBPM
4.11}2.3 High-voltage initiators
Proplerties of high-voltage initiators shall be in accordance with Table 5 and shall be guantified.

Undgr the conditions given in column E of Table 5, the properties given in column(A, expresss
fied in column B, shall be between the values of column C (maximum) and those of column [}

spec

Table 5 — Requirements for high-voltage initiaterproperties

d in the unit
(minimum).

age

A B C D E F
Property Unit Max. value | Min. value Condition Other
1 | All-fire voltage \4 TBPM TBPM >99,9'9% of the units function with
a ¢onfidence level of 95%
2 | No-fire voltage \% TBPM TBPM £0,1 % of the units function with
a confidence level of 95% @
5 min, test temperature TBPM
3 | Dperating volt- \Y >500

4.11|2.4 Laser initiators

Propierties of laser initiators shall'be in accordance with Table 6 and shall be quantified.

Unddr the conditions given-in column E of Table 6, the properties given in column A, expressec
specified in column B, shallbe between the values of column C (maximum) and those of column [

Table 6 — Requirements for laser initiator properties

| in the units
(minimum).

A B C D E F
Praoperty Unit Max. value | Min. value Condition Other
1 | [AH-fire power | W/mm?2 TBPM TBPM 299,9 % of the units function
dpncify with a confidence level of 95 9%
2 | No-fire power | W/mm?2 TBPM TBPU < 0,1 % of the units function Factor of safety
density with a confidence level of 95 % |for spurious
@ 5 min, at specified conditions |lights (TBPU).
(wavelength TBPM)
Pulse width ms N/A TBPM
Wavelength nm TBPM TBPM Depending on
optical source:
solid laser, laser
diode.
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4.11.2.5 Mechanical initiators

Properties of mechanical initiators shall be in accordance with Table 7 and shall be quantified.

Under the conditions given in column E of Table 7, the properties given in column A, expressed in the units
specified in column B, shall be between the values of column C (maximum) and those of column D (minimum).

Table 7 — Requirements for mechanical initiator properties

A B C D E F
Property Unit Max. value | Min. value Condition Other
1 | All-fire ¢nergy ] TBPM TBPM 299,9 % of the units function with a
confidence level of 95 %

2 | No-fire ¢nergy ] <0,1 x TBPM <0,1 % of the units function with a

min. all-fire confidence level of 95 %

energy

3 | Testenergy ] N/A TBPM

4.11.2.6 Packaged charges

Properties gf packaged charges shall be in accordance with Table 8 and‘shall be quantified, except for

structural iptegrity and those of Table 3.

Under the cdnditions given in column E of Table 8, the properties givén in column A, expressed in the units
specified in qolumn B, shall be between the values of column C (maxXimum) and those of column D (mininum).

Table 8 — Requirements for packaged charge properties

A B C D E E
Property Unit | Max. yalue | Min. value Condition Other
1 Stjuctural integrity N/A N/A Handling and transport
loads
Defonation? Yes/No TBPM N/A Intended operational mode
3 Defllagration? Yes/No TBPM N/A Intended operational mode

4.11.3 Integral initiator coniectors

4.11.3.1 Gdneral

a) The conffiguration of the connector shall be used only for initiators.

NOTE

This is the integral (upper) part of the initiator.

b) The interface shall allow for sealing.

4.11.3.2 Electrical initiator connector

a) The connector thread or closing mechanism shall be self-locking.

b) The connection shall have electrical continuity with a resistance <10 m().

c) The connector shall be able to undergo 50 mating/de-mating cycles without degradation.

d)

32

The connection shall be able to undergo specified shocks without degradation.
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4.11.3.3 Laser initiator connector

a) The initiator shall incorporate an interface to match the interfaces on the fibre-optic connector and
the adaptor used to join the two items.

b) The connector interface shall not be used for any purpose other than explosive devices.
c) The connector thread or closing mechanism shall be self-locking.

d) The connection shall have electrical continuity with a resistance <10 m{).
e) Theconmectorshattbeabtetoumdergo S0mmating/de-mmatimg cycles white reeting itsTquirements.

4.11{4 Transfer devices

4.11}4.1 General
Propierties of transfer devices shall be in accordance with Table 9 and shalkb€ quantified.

Unddr the conditions given in column E of Table 9, the properties givendncolumn A, expressed in the units
specified in column B, shall be between the values of column C (maximufm) and those of column [J (minimum).

Table 9 — General requirements for transfer device properties

A B C D E F
Property Unit | Max.value | Min. valué Condition Other

1 [|Critical diameter| mm N/A TBPM Information
about explosive
to beprovided.

2 Temperatures:

a) Auto-ignition °C N/A TBPM

b) | Non-operating °C TBPM TBPM

) Operating °C TBPM TBPM Duration TBPM

d) Storage °C TBPM TBPM Duration TBPM

e) Transport °C TBPM TBPM Duration TBPM

3 Probability of 99,8 % 95 % confidence

ignition of aref;
erence charge

4 || No.ofmating/ TPBM TBPU With/without change of seals
de-mating cycles

5 Life time Year N/A TBPU For transport, storage and

SroeroT
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4.11.4.2 Transfer line assemblies
Properties of transfer line assemblies shall be in accordance with Table 10 and shall be quantified.

Under the conditions given in column E of Table 10, the properties given in column A, expressed in the units
specified in column B, shall be between the values of column C (maximum) and those of column D (minimum).

Table 10 — Requirements for transfer line assembly properties

A B C D E F
Prgperty Unit Max. value | Min. value Condition Othet
1 Propagation m/s TBPM TBPM
velocity
2 Deflagrating
lines
a) Pre¢ssure MPa TBPM TBPM
b) Heat J TBPM TBPM
3 | Detonating lines
a) | Shocklransmis- GPa TBPM TBPM Standard material
sion dapability
b) | Flyer gharacter- mm TBPM TBPM Flyer thickness, diameter,
istics matetial, and jitter
) Flyer{velocity m/s TBPM TBPM Best estimate
d) Ignition gap mm TBPM TBPM By initiator type: TBPM
4 Endfto-end mm TBPM TBPM
trangmission
pap
5 | Electrjcal conti- mQ TBPM N/A From end to end
uity
6 Legk rate scc He/s 10%¢6 N/A @ Ap= 0,1 MPa before firing
(together with
intdrfaces)
7 | Leak-tightness | scc He/s 10-3 N/A @ Ap= 0,1 MPa after fir-
(together with ing (ends implemented in
intdrfaces) the specified interface) + no
debris
8 Organic con- mg,/m? 2 N/A TBPU
tamipation of
suffaces
9 | Radiug of ¢urva- m N/A TBPM Bending
ture
10 | No. of times can TBPM TBPU Bending
bend
11 Twist angle rad/m TBPM N/A
12 Tension daN TBPM N/A
13 Overall mass g/m TBPM N/A Linear mass of flexible part
(g/m) + ends (g)
14 | Explosive mass g/m TBPM N/A Linear mass of flexible part
(g/m) + ends (g)
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4.11.4.3 Through-bulkhead transfer devices

Properties of through-bulkhead transfer devices shall be inaccordance with Table 11 and shall be quantified.

Under the conditions given in column E of Table 11, the properties given in column A, expressed in the units
specified in column B, shall be between the values of column C (maximum) and those of column D (minimum).

Table 11 — Requirements for through-bulkhead transfer device properties

A B C D E F
Property Unit Max. value | Min. value Condition Other
1 Output
a) Pressure MPa TBPM TBPM In TBPM cm3 at 20 °C
b) [[Energy J TBPM TBPM TBPM
) Leak rate scc He/s 10-6 N/A @ Ap=0,1 MPa befpre
firing

2 Barrier tight- scc He/s 10-5 N/A @ Ap= 0,1 MPabefore

ness leak rate firing
3 Barrier tight- scc He/s 10-3 N/A @ Ap= 0fDMPa after

ness leak rate firing
4 Structural integ- MPa TBPM TBPM Barriey resistance

rity after firing.

4.11}4.4 Shaped charges
Properties of shaped charges shall be in accordafce with Table 12 and shall be quantified.

Undgr the conditions given in column E of Table’12, the properties given in column A, expressedl in the units
specified in column B, shall be between thealues of column C (maximum) and those of column I} (minimum).

Table 12 — Requirements for shaped charge properties

A B C D E F
Property Unit Max. value | Min. value Condition Qther
1 || Cutting capabili-
ties
a) || Structure thiek* mm TBPM N/A Associated with mate-
ness rial properties
b) || Structur€ loads MPa TBPM TBPM
) Cutting delay ms TBPM TBPM
2 nnhric/nnnfn_
mination/
induced

3 Temperatures

a) Auto-ignition °C

b) Survival non- °C TBPM TBPM
operating

) Operational °C TBPM TBPM
operating

d) Storage °C TBPM TBPM
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Table 12 (continued)

A B C D E
Property Unit Max. value | Min. value Condition Other
e) Transport °C TBPM TBPM
4 Lifetime Year TBPM N/A During transport, stor-
age and mission

4.11.4.5 Expanding tube devices

Properties §f expanding tube devices shall be in accordance with Table 13 and shall be quant
These devices include separation systems based on detonation (shock and deformation) and infl
(pressure-generated) a combination of these.

Under the cgnditions given in column E of Table 13, the properties given in column A, expressed in the
specified in ¢golumn B, shall be between the values of column C (maximum) and those of cotuiin D (mininjum).

Table 13 — Requirements for expanding tube device properties

ified.
htion

units

A B C D E F
Property Unit | Max. value | Min. value Condition Other
1 Cutting capabilities
a) Structyire thicknesses, position | TBPM TBPM TBPM.' | Associated with mate-
of the ¢qutting area rial properties (e.g.
ductility, elongation,
strain rate)
b) |Cutstructure loads during cut- kN TBPU TBPU |Associated with mate-
ting rial properties (e.g.
ductility, elongation,
strain rate, plasticity)
) Type of impulse Ns TBPM TBPU |Radial or axial
2 Explosfves: quantity and type TBPM TBPM |Associated with tube
materials properties
Redungancy TBPM
4 Expangling tube unsupported m TBPM N/A Number and size
length of windows for the
expanding tube assem-
bly
5 Cutting conditions
a) Response time ms TBPM TBPM |Between firstinput and
completion of cutting
b) |Generated shock g/ms TBPM N/A Time history and TBPU
sampling rate. Test
configuration TBPU
6 Device leak rate scc He/s 10-6 N/A @ Ap= 0,1 MPa before
firing
7 Device leak rate scc He/s 10-3 N/A @ Ap=0,1 MPa after
firing
Particle generation TBPU N/A Test method TBPU
Temperatures
a) |Auto-ignition °C N/A TBPM
b) |Non-operating °C TBPM TBPM
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A B C D E F
Property Unit | Max. value | Min. value Condition Other
) Operational °C TBPM TBPM
d) |Storage °C TBPM TBPM
e) |Transport °C TBPM TBPM
10 |Lifetime Year TBPM N/A
4.11[#.6 Distribution boxes
Properties of distribution boxes shall be in accordance with Table 14 and shall be quantified.
Unddr the conditions given in column E of Table 14, the properties given in column Aj expressedl in the units
specified in column B, shall be between the values of column C (maximum) and thoseof column [J (minimum).
Table 14 — Requirements for distribution box properties
A B C D E F
Property Unit | Max.value | Min. value Condition Other
1 Input/output
a) Number TBPM TBPM
b) Interface type TBPM TBPM Design TBPM
2 Explosives
a) Quantity and type g TBPM TBPM
b) Response TBPM TBPM e.g. detonating, defla-
grating
Redundancy TBPM
Response time ms TBPM TBPM Between first input
and all outputs
a) Generated shock g/ms TBPM N/A Time history and
TBPU sampling rate.
Test configuration
TBPU
b) Device leak rate scc He/s 10-6 N/A @ Ap =0,1 MPa
before firing
) Device leak rate scc He/s 10-3 N/A @ Ap = 0,1 MPa after
firing
5 Temperatures
a) Auto-ignition °C TBPM TBPM
b) Non-operating °C TBPM TBPM
) Operating °C TBPM TBPM
d) Storage °C TBPM TBPM
e) Transport °C TBPM TBPM
6 Lifetime Year TBPM N/A During transport,
storage and mission
4.11.4.7 Explosive delays
Properties of explosive delays shall be in accordance with Table 15 and shall be quantified.
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Under the conditions given in column E of Table 15, the properties given in column A, expressed in the units
specified in column B, shall be between the values of column C (maximum) and those of column D (minimum).

Table 15 — Requirements for explosive delay properties

A B C D E F
Property Unit | Max.value | Min. value Condition Other
1 Delay type TBPM TBPM With or
without gas
generation.
2 Delay time ms TBPM TBPM Mean value, stand-
ard deviation at
temperatures
3 Temperature sensitivity %/°C TBPM TBPM Temperature range
to be provided
4 Initiation TBPM TBPM To be provided:
mechanical((e)g.
percussion)) electri-
cal, theérmal, deto-
nation
5 Output TBPM TBPM To be provided:
pressure versus
time, calorific
energy, detonation
6 Leak rate scc He/s 10-6 TBPM @ Ap=0,1 MPa
before firing
7 Leak rate scc He/s TBPM N/A @ Ap=0,1 MPa after
firing
8 Temperatures:
a) Auto-ignition °C ‘TBPM TBPM
b) Non-operating °C TBPM TBPM
) Operating °C TBPM TBPM
d) Storage °C TBPM TBPM
e) Transport °C TBPM TBPM
9 Lifetime Year TBPM N/A During transport,
storage and mission
4.11.5 Safg and armdevices containing explosive
Subclause 4.[10:1applies. Only secondary explosives with less or equal sensitivity to hexogen shall be pised.
4.11.6 Gas generators

Properties of gas generators shall be in accordance with Table 16 and shall be quantified.

Under the conditions given in column E of Table 16, the properties given in column A, expressed in the units
specified in column B, shall be between the values of column C (maximum) and those of column D (minimum).

38

© ISO 2012 - All rights reserved


https://standardsiso.com/api/?name=44c0848a08ba42c20223ea670ac21fd3

IS0 26871:2012(E)

Table 16 — Common requirements for gas generator properties

A B C D E F
Property Unit | Max. value | Min. value Condition Other
1 Bonding resistance mQ 10 N/A To next level
assembly
2 Leak rate scc He/s 10-6 N/A @ Ap=0,1 MPa

before and after
firing at initiator

interface
3 Structural integrity MPa TBPM  |Applies on MEOP
according to
4.2.5.2
4 Temperatures
a) Auto-ignition °C N/A TBPM
b) Non-operating °C TBPM TBPM
) Operating °C TBPM TBPM Daration TBPM
d) Storage °C TBPM TBPM Duration TBPM
e) Transport °C TBPM TBPM Duration TBPM
5 Generated
a) pressure MPa TBPM TBPM Only the known
and(relevant

eterts shall be
proyided.

b) heat ] TBPM TBPM Only the known
and|relevant
output param-
eters shall be
proyided.

out‘}ut param-

c) | no. of mating/de-mating cycles TBPM TBPU With/without
change of seals

d) shock g/ms TBPM N/A Time history and
TBPU sampling
rate. Test configu-
ration TBPU.

6 lifetime Year TBPM N/A For transport,
storage and
operation

4.1 prlncivply actuated devices

4.12.1 General

Properties of explosively actuated devices which incorporate initiation and explosive charges shall be in
accordance with Table 17 and 4.11 and shall be quantified.

No released part shall cause damage.

Under the conditions given in column E of Table 17, the properties given in column A, expressed in the units
specified in column B, shall be between the values of column C (maximum) and those of column D (minimum).
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Table 17 — General requirements for explosively actuated device properties
A B C D E F
Property Unit Max. value | Min. value Condition Other
1 Leak rate scc He/s TBPU N/A @ Ap=0,1 MPa before firing
2 Leak rate for Pa/l 2,5.10-2 @10-2 Pa during firing
spacecraft
Leak rate scc He/s TBPU N/A @ Ap= 0,1 MPa after firing
4 Temperatures
a) Noif-operating °C TBPM TBPM
b) Qperating °C TBPM TBPM Duration TBPM
) Storage °C TBPM TBPM Duration TBPM
d) Transport °C TBPM TBPM Duration TBPM
Fundtional delay ms TBPM TBPM
6 | No. of assemblies/ TBPM TBPU To the maximum load of the
dispssemblies TBPM TBPU device attachmerts
7 Gengrated shock g/ms TBPM N/A Time history ahd TBPU sam-
pling rate,-T€st configuration
TBPU.
8 Lifetime Year TBPM N/A During; transport, storage
andinission

4.12.2 Separation nuts and separation bolts

Properties d

a) Resetta
and aftg

b) The pre
tension

Under the cg
specifiedin ¢

f separation nuts and bolts shall be in accerdance with Table 18 and shall be quantifie.

ble separation nuts shall include a means of verifying that the nut is properly reset before
r its mating bolt or stud installation-and torqueing.

-load shall be specified and shall exceed the maximum expected amplitude of the dynamic
in the bolt and effects of thérmal variations.

nditions given in column'E of Table 18, the properties given in column A, expressed in the units
olumn B, shall be between the values of column C (maximum) and those of column D (mininjum).

Table 18— Requirements for separation nut and bolt properties

A B C D E F
Property Unit Mazx. value | Min. value Condition Other
1 | Screw pre-load Screw properties to be
tehsion provided

a) | By pure tension kN TBPM TBPM

b) By torque kN TBPM TBPM

2 |Load capabilities Worst-case temperatures

a) Axial load kN TBPM TBPM

b) | Transverse load kN TBPM TBPM

¢) |Bending moment Nm TBPM TBPM

d) Torsion Nm TBPM TBPM

3 Stiffness Worst-case temperatures

a) Axial N/m TBPM TBPM
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Table 18 (continued)
A B C D E F
Property Unit Max. value | Min. value Condition Other

b) Transverse N/m TBPM TBPM

c) |Bending moment| Nm/rad TBPM TBPM

d) Torsion Nm/rad TBPM
4.12.3 Pullers
Propierties of pullers shall be in accordance with Table 19 and shall be quantified.
a) The puller shall be capable of withdrawing the pin under maximum shear and bénding|loads.
b) The retractable pin shall not rebound.

Undegr the conditions given in column E of Table 19, the properties given in column A, expressedl in the units
specified in column B, shall be between the values of column C (maximum) and those of column [J (minimum).
Table 19 — Requirements for puller properties

A B C D E F
Property Unit | Max.value | Min. value Condition Other
1 Pin pre-loads N/A
a) Axial N TBPM N/A
b) Shear N TBPM N/A
) Bending moment Nm TBPM N/A
2 Traction force N TBPM TBPM Minimum at end of
stroke
3 Pulling stroke mm TBPM TBPM
4.12|4 Pushers
Propeerties of pushers shallbe in accordance with Table 20 and shall be quantified.
Pusl-:l‘ers shall be ableto withstand the expected loads (e.g. compression, shear and bending moment)
during operationg
Unddr the conditions given in column E of Table 20, the properties given in column A, expressed in the units
specified in.column B, shall be between the values of column C (maximum) and those of column [J (minimum).
Tahle 20 — Requirements for pusher properties
A B C D E F
Property Unit Max. value | Min. value Condition Other
1 Rod axial load kN TBPM N/A
2 Push force N TBPM TBPM Minimum at end of
stroke
3 | Pushing stroke mm TBPM TBPM
4.12.5 Cutters

Properties of cutters shall be in accordance with Table 21 and shall be quantified.
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Under the conditions given in column E of Table 21, the properties given in column A, expressed in the units
specified in column B, shall be between the values of column C (maximum) and those of column D (minimum).

Table 21 — Requirements for cutter properties

A B C E F
Property Unit | Max. value | Min. value Condition Other
1 Cutting capabilities At worst-case
temperatures
a) Dimensions mm TBPM N/A Associated with
material proper-
ties
b) [Jltimate strength MPa TBPM TBPM
) Tension load kN N/A TBPM
2 Masd of generated particles mg TBPM N/A Total mass asspci-
ated with load
and load carrigr
properties.
3 Dimensions of generated par- | mm TBPM TBPM Range of size asso-
ticles ciated with load
and load carrigr
properties.
4.12.6 Valves
Properties qf valves shall be in accordance with Table 22:;and shall be quantified.
a) After fifing, the valve piston shall remain in its actuated position.
b) The typle of valve, NO or NC, and the flow direction shall be marked on the device.
Under the cgnditions given in column E of Table’22, the properties given in column A, expressed in the units

specifiedin g

Table 22— Requirements for valve properties

olumn B, shall be between the values of column C (maximum) and those of column D (mininum).

A B C D E F
Property Unit | Max.value | Min.value Condition Other
1 Valvg capabilities Associated with
fluid properties
a) MEOP MPa TBPM TBPM In fluid circuit
b) Pré¢ssure drop MPa TBPM TBPM In fluid circuit
c) | Valve passage diam- | mm TBPM In fluid circuit,
eter nominal
d) |Fluid circuitleak rate| scc 10-6 TBPM @ Ap=0,1 MPa Before and after func-
He/s before and after |tioning.
firing
e) Internal leak rate scc TBPU TBPM TBPM During functioning.
(blow by) He/s
2 Mass of generated mg TBPM N/A In fluid circuit
particles
3 | Dimensions of gener- | mm TBPM TBPM In fluid circuit
ated particles
42 © IS0 2012 - All rights reserved


https://standardsiso.com/api/?name=44c0848a08ba42c20223ea670ac21fd3

IS0 26871:2012(E)

4.13 Items external to the flight equipment

4.13.1 GSE

Ground support equipment is used to support assembly, integration, test, handling, transport and launch
campaign activities.

a) GSE validation:

1) TheGSEshallbevalidated based onexpected environmental conditionsand operational constraints.

—Haxardsto-persennrelfHshthardwarefaciitiesand-environmentsshal-bepreeessed.
b) Only approved equipment and procedures shall be used.
c) GSE shall provide support and protection within specified limits, including ESB, and EMI.
d) Testequipment shall be energy-limited (e.g. electrical, optical) in accorddnce with 4.8.4.
e) The status indication of the explosive system shall be provided.

f) Changes in the status indications shall be provided.

g) $tatus and status changes shall be recorded.

4.13{2 Test equipment
a) Only approved equipment and procedures shall be-tised.

b) Uncontrolled modifications to equipment or procedures shall be prohibited.

4.13{3 Launch site

a) The launch site shall provide specified transport, handling and storage facilities for explosive
¢omponents and systems.

b) The status of explosive safety barriers shall be monitored when the space vehicle (g.g. launcher,
gatellite, spacecraft) indlices a catastrophic risk.

c) Provisions shall be made to make visible the status of explosive safety barriers.

d) Any indicatorsuséd to show the status of the explosive devices and the barriers shall be clear
dnd unambiguets.

e) Periods efisensitivity to external environment (e.g. EMI) shall be notified to the authorfjties.

f)  Protisions shall be made for access to safe and arm devices for manual disarming.

4.14 Verification

4.14.1 General

Following exposure to the conditions specified in 4.14.3, explosive devices and systems shall meet the
performance requirements specified in the appropriate subclauses of 4.10 and 4.12 when measured
according to 4.14.3.

4.14.2 Inspection

a) Inspection stages and procedures shall be compliant with the product assurance plan agreed with
the customer.
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b) Non-destructive inspection is required to demonstrate specified assembly and condition of every
explosive component (e.g. X-Ray or N-Ray).

c) Resolution shall be better than the dimension of the smallest feature to be checked (e.g. micro-cracks).

d) Itshall be demonstrated by inspection of all fired components that the internal dimensions, surfaces
and material properties have not been degraded beyond specified limits.

NOTE Erosion, corrosion and burning due to the functioning can cause failure or leakage.

4.14.3 Tests

4.14.3.1 Test specification

The test sp¢cification describes in detail the test requirements applicable to any major test activity

included in the AIV plan. In particular, it defines the purpose of the test, test approach; test articl¢ and

set-up, the r¢quired GSE, test equipment and instrumentation, test conditions, test sequénce, test fa¢ility,

pass/fail criteria, required documentation, participants and test schedule.

The documdnt is used as an input to the test procedures, as a requirements document for booking the

environmerftal test facility and to provide evidence to the customer on certaih details of the test activity

in advance qf the activity itself.

a) The test specification shall be detailed and agreed with the custemer in advance.

b) The test conditions for explosive components and systems*shall be derived from the operatjional
conditigns and constraints (e.g. ground, flight, in orbit).

¢) Qualifidation and lot acceptance tests shall be in accordance with 4.14.4.

d) Acceptdnce tests shall be done at identical limit-conditions and levels, whatever the applicatign, to
ensure Valid reference to previous results and te reduce the numbers of tested items.

4.14.3.2 Test procedures

The test procedure gives directions fefi¢onducting a test activity in terms of description, resources,

constraints fand step-by-step procedure. The document is used and filled-in as appropriate during the

execution aind becomes the as-run-procedure.

a) The test specification shallbe detailed and agreed with the customer in advance.

b) The test procedure shall be written to comply with the test specification.

4.14.3.3 Testreport

The test report describes the execution of a particular test and the results obtained. It contains the as-

run procedireswith supporting data-the anomalies and the evaluation of the test data in comparison

with the requirements. Its principal use is to provide the customer with the evidence of the performed

test activity

Test results

in verification close-out of the relevant requirements.

shall

describe the execution and results of the test activity;

— be detailed according to the content and format agreed with the customer in advance.

4.14.3.4 Essential confirmation

For every test, connection to the correct initiator shall be checked and recorded.
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4.14.3.5 Routing tests

a) Itshall be demonstrated that the correct stimulus arrives at the correct initiator and no other.
b) Records shall be kept of the routing test.

4.14.3.6 End-to-end tests

a) End-to-end test shall be performed to ensure system capability within the reliability and safety
limits agreed with the end user, during which

A} avarificationthattho caorractionition onoravlovals aro nracont at aach nuratachnic 1
L} verification thatthe correctignitionenergylevelsare present ateach pyrot device shall

be performed prior to final connection of the firing circuit to the device,
2) asimulator of the pyrotechnic device characteristics shall be used during these tegts,

3) circuit continuity and stray energy checks shall be made prior to connection of any firing circuit
to any pyrotechnic device, and

4) circuit continuity checks shall be repeated whenever that connection is opened and prior to
re-connection.

b) OQnly planned and approved activities shall be performed, acéording to approved procedures.

c) Firing tests shall not be performed until a successful rehearsal has been completed.

4.14{3.7 Safety tests

Safefy tests shall be performed on unpacked articles in accordance with Table 23.

Table-23 — Safety tests

Recommended
Reference test Test method sequence
L S/C
Slow| cook-off UNO Manual of tests and criteria, test 7 (h) R N/A
External fire UNO Manual of tests and criteria, test 7 (g) R N/A
Handling drop test (e.g. 2tmyheight) TBPU R 0
12 m drop test UNO Manual of tests and criteria, test 4 (b) R N/A
Mechanical shock TBPU 0 N/A
Radipted field Mil-std 1576 R R
Lightning TBPU: pyro device level shall be calculated 0 N/A
from launcher level (e.g. peak current 5 000 A,
average rise time 4 ps, fall time 100 ps)

L:launcher

S/C: spacecraft

R: required

O: optional

N/A: not applicable

4.14.3.8 Lifetime demonstration

a) Lifetime tests or analysis shall be done to establish changes over time in performance and
susceptibility.

b) Ifaccelerated ageing is used, it shall be justified.
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4.14.3.9 Reliability tests

a) For any component, performances shall be declared in terms of reliability, confidence level, test and
analysis methods.

b) The method or methods given for the corresponding component in Table 24 shall be used.

Table 24 — Reliability methods

Component Method
Initiator Bruceton or Neyer
Cutter/release nut/valve/pusher/puller Severe method
TBI Severe method
Shaped charge Probit or severe method
Expanding tube Probit or severe method
Transmission lines Bruceton or Neyer or severe method

4.14.4 Qualification and lot acceptance

4.14.4.1 Gdneral

a) Qualifigation and acceptance of explosive components and .systems shall be in accordance |with
quality pssurance requirements TBPU.

b) For qualification, each device shall meet the requirements corresponding to that device specified in
4.11 or 4.12 after exposure to the complete sequence 0f conditions specified in Table 25.

c) For lot gcceptance, each device shall meet the réquirements corresponding to that device spegified
in 4.11 ¢r 4.12 after exposure to the selected.conditions specified in Table 26

d) For lifetime, each device shall the requirements corresponding to that device specified in 4.11 or
4.12 aftpr exposure to the complete sequence of conditions specified in Table 25.

e) Dynamijc leak measurement shall\be made under vacuum.

4.14.4.2 Qualification tests

Qualification tests shall be performed in accordance with Table 25.

NOTE Tyfpical values\are given in Annex B.

Table 25 — Qualification tests

Qualification test f:mft c}(;mponent
No-fire stimulus R R
Physical properties (measurement) R R
Secondary characteristics measurement R R
Functional and performance (measurement) N/A N/A
R:required
0: optional

N/A: not applicable
NOTE 1 Only possible at the end of the qualification sequence.
NOTE 2 See 4.14.4.1 ¢).
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Table 25 (continued)
Qualification test cscl))::;)eocl:‘:::t cl(;?;l;g;lg;t

No-damage drop 0 R
Salt fog N/A

Rain N/A R
Humidity 0 R
Leakage test 0 0
Gendrated shock [8) O
Presgure N/A N/A
Acceleration 0 R
Sinugoidal vibration R R
Random vibration R R
Acoustic N/A R
Shock R R
Coropna and arcing N/A N/A
Therjmal vacuum ] 0
Thermal cycling R R
EMCYESD (for initiator only) R R
Life 0

Micrpgravity N/A N/A
Audiple noise N/A N/A
Radiption 0 N/A
Fundtional and performance (measurement) R R
Destfuctive physical analysis R R
R: required
0: ogtional
N/A:|not applicable

NOTE 1 Only possible atthe end of the qualification sequence.

NOTE 2 See 4.14.4.1-e)

4.14{4.3 Acceptance tests

a) Lotacceptance tests shall be performed.

b) Acceptance tests shall be in accordance with Table 26.

c) Lotacceptance tests results shall confirm that the hardware replicates the qualified product.
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Table 26 — Acceptance tests

Acceptance test Spacecraft Launcher
component component

Physical properties R R
Secondary characteristics R R
Functional and performance N/A N/A
Leak R R
Pressure N/A N/A
Random vibjfation 0 0
Acoustic N/A N/A
Generated shock N/A N/A
Thermal vacium 0 N/A
Thermal cyc|ing 0 N/A
Burn-in N/A N/A
Microgravity N/A N/A
Audible noisg N/A N/A
Functional ahd performance 0 0
Destructive physical analysis 0 0
R: required
0: optional
N/A: not appljcable
NOTE 1 Only|possible at the end of the acceptance sequence.
NOTE 2 See 4.14.4.1¢).

4.15 Transport, facilities, handling and storage

4.15.1 Gengral

Specified transport, handling and facilities for explosive subsystems and devices shall be provided.

4.15.2 Tramsport

a) Devices|and packdgihg containing explosives shall comply with ST/SG/AC.10/1. Containers |shall
comply with thelapplicable national and international transportation regulations.

b) Atthe bpginning of the development programme the transport classification level requirement|shall
be agreed®o by the customer and suppliers and justified by technical data.

c) The containers shall protect the component from the mission.

NOTE1 Itis good practice to pack explosive components individually to prevent changes in humidity and
electrostatic charge.

d) Containers shall not be exposed to environments exceeding those specified.
NOTE 2  Itis good practice to use thermal and shock sensors.

e) Apermanentidentificationlabel shallbe markedbefore deliveryinapermanentway oneachdeliverable.
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f) Containers shall be in accordance with the applicable national and international transportation

g)

4.15|3 Facilities

4.15{4 Handling

e)
f)
g)

regulations and shall be marked with the following information:
1) equipment name and part number;

2) contents and quantity;

3) mass (gross and net explosive weight) in kilograms;

4) contract number;

5) supplier name and address;

6) explosive label with Hazard and compatibility classifications;

<t

T) the following label: “Open only in clean-room area by qualified operators”, if heces

[ontainers shall indicate the required orientation.

INo explosive component shall be stored with incompatible equipment or materials.

The nature of, and precautions required for, all explosivé. components and syste
¢ommunicated to facility providers and authorities.

All explosive devices shall be stored in places with%ontrolled temperature and hum
gecure storage areas, except when required for conrolled spacecraft activities.

Records of all environmental conditions (e.gi*thermal, humidity) in locations whel
¢omponents or systems are stored or handled’shall be maintained and be available for

The location of every live or fired éxplosive component or subsystem shall be
identifiable at any time.

All handling shall be done'by qualified personnel according to specified procedures.
INOTE Handling in€ludes testing, measuring, and installing.

Personnel and equipment shall be grounded to a common ground.

Dnly approved tools, aids and test equipment shall be used for explosive devices.

[onsistent; coherent and complete records shall be maintained of components or sy§

incaetivities.

bary.

ms shall be
idity and in
'e explosive

review.

known and

tems which
o any break-

rve addirect effect upon the system, including test activities and measurements durin

Restoration of the original accepted condition shall be required.

The correctness of all connections shall be confirmed and a record of all connections maintained.

Site safety regulations, provisions and procedures shall be checked for adequacy for explosive activities.

4.16 In-service

4.16.1 Information feedback

a) Checksshall be made to ensure consistency of information between different equipment at different

stages in the launch preparation.
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f)

Results shall be recorded.

Information shall be provided of hardware and software provisions for the monitoringand command

of explosive functions, and shall show changes from one stage to the next.

RF links, wiring, connectors and pin functions shall be specified for checking of the source and

destination.
Diagrams or photographs of consoles and installations shall be provided.

Confirmation shall be provided that no unwanted responses or drifts have occurred.

4.16.2 Launch site procedures

a)
b)

<)

Only planned and approved activities which follow approved procedures shall be undeftaken.

These shall include contingency actions.

Reheargals shall be performed.

4.16.3 Monjitoring

Confirmatign of operation shall be made available immediately.

4.17 Prodiict assurance

4.17.1 Genpral

a)
b)

The explosive functions on a vehicle shall be treatedtogether as a single subsystem.

All explpsive devices shall be treated as critical{tems.

4.17.2 Dependability

a)

b)

The explosive system shall comply. with all dependability requirements of Clauses 6, 7, 8 and

meet the reliability and confidence Yequirements.

Age-sensitive parts and matetials shall be identified.

4.17.3 Safdty

a)

b)

<)

Propertfies of the subsystem and all activities shall comply with the safety requirements to meg

reliability and confidence requirements.

Immediptely before every electrical or optical connection and disconnection, it shall be confi
that no pénductor is live and that no power can flow or be interrupted across the interfaces.

9 to

tthe

‘med

Immediately before every connection and disconnection, it shall be confirmed that the operator and

parts are grounded to a common ground.

4.18 Deliverables

Documentation in accordance with Table 27, coordinated and tailored with the customer contract
agreement, shall be delivered.

NOTE Additional specific documents can be established at the customer’s request.
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Table 27 — Documentation to be delivered

MRR
Response to KO PDR & & DRB A/N Reference

Document
RFP CDR TRR standard

DRD for management

Management and development
plan

Risk assessment report

>

Risk management plan

Progfress reports

Audif reports

Inspection reports

[ B | <

Non-conformance reports (minor)

Non-conformance reports (major) X

DRD|for product assurance

Veriffication matrix Xd X X

Declared materials list
Declared mechanical part list Xd X

Declared processes list

Qualjfication status list
FMECA X

Reqyest for deviation

R e

Reqyest for waiver

DRDj for engineering and verification

Fundtional and technical specifi-
catigns

Mechanical, thermal, electrical
ICD’

Design justification file X X X X X

Veriflication matrix X X X X X

Veri:Iication controhdoecument
(desilgn, reliability.qualification X X X X X
plan]

Veriflication-teport (design, reli-
ability,qualification justification X X X
reports)

User manual X X X

Manufacturing and test documents

RFP: to be included in the request for proposal documentation

KO: to be included in the kick-off meeting documentation

DKP: to be included in the design key point documentation

MRR: to be included in the manufacturing readiness review data package

TRR: to be included in the test readiness review data package

DRB: to be included in the delivery review board data package (including Qualification data package)

A/N: as necessary or as required

Xd: draft document.
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Table 27 (continued)
MRR
Document Res%%“lfe 1 ko ngR& TgR DRB | A/N l:f;‘;r;;‘rc;
Test procedure Xd X
Production documentation tree Xd X X
Acceptance test plan Xd X
Configuration item data list X X
As-built ConFignmfinn list X X
Testreports X
Logbook X
End item datjia package (EIDP) X
Certificate of conformance X

KO: to be incl
DKP: to be in

TRR: to be in
DRB: to be in

RFP: to be ind

MRR: to be in

A/N: as necegsary or as required

Xd: draft docgiment.

luded in the request for proposal documentation
ided in the kick-off meeting documentation

luded in the design key point documentation

luded in the test readiness review data package

cluded in the manufacturing readiness review data package

luded in the delivery review board data package (including Qualification data package)
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Loads and factors of safety relationship

QL,AL,DLL,DYL and DUL, for the rest of the design of spacecraft, expendable launch vehicles, pressurized
hardware, shall be calculated from the LL in accordance with Figure A.1 and Table A.1.

Increasing Load Level

Expendable launch vehicles)

Satelllte_s Common Design Logic pressurized hardware and
Test Logic :
manned system Test|Logic
Limit Loads - LL
x KQ x KA

x Coef. A

|

Design Limit Loads

DLL

x KQ x KA

Figure A.1.— Logic for factors of safety applications

Table A.1 — Relationship among structural factors of safety, design factors and additipnal factors
Coefficient Satellite Launch_vehlcles apd pressur-
ized hardware
Coef. A
or KQ x KP x KM KP x KM

Design factor

Coef. B FOSY x KLD FOSY x KMP [x KLD

Coef. C FOSU x KLD FOSU x KMP x KLD

NOTE Theyield factor (FOSY) ensures a low probability of yielding during loading at DLL level.
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