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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.

The preecedures—tsed—to—developth ment-and-these—ntendedfor—its—further—-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
diffefrent types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on the ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
expressions related to conformity assessment, as well ‘as’information about I1SO's adherence to the
World Trade Organization (WTQ) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This| document was prepared by Technical \Committee ISO/TC 20, Aircraft and spqce vehicles,
Subcpmmittee SC 14, Space systems and operations.

This|second edition cancels and replacesthe first edition (ISO 26871:2012), which has been technically
reviged.

The main changes compared to the.previous edition are as follows:

— gimplification for some requirements;

— I:dating terminology;

introduction of a)paragraph about debris issues.

Any feedbackerquestions on this document should be directed to the user’s national standprds body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

0.1 Background

The evolution of this document is motivated by changes inputted by the last issue of 2 main mother
documents(1l.[2],

0.2 Tailoring

This document may be tailored, by the contractor, in consultation with the procuring authority, for the
specific characteristics and constraints of a space project.

Tailoring is|a process by which individual requirements or specifications, standards, and)related
documents gre evaluated and made applicable to a specific program or project by selection,and in fome
cases, modification and addition (e.g., for manned spaceflight) of requirements in the standards.

However, the tailored requirements may achieve a level of verification equivalentto the bageline
described hgrein. Rationale for each tailored requirement may be established. If the requirements in
this documgnt are not tailored by a contract, they stand as written.

This documpnt will be updated and revised periodically, each five years as-appropriate to incorpprate
technological advances and innovations as well as lessons learned.

vi © IS0 2020 - All rights reserved
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Space systems — Explosive systems and devices

IMPORTANT — The electronic file of this document contains colours which are considered to be
useful for the correct understanding of the document. Users should therefore consider printing
this document using a colour printer.

1 Scope

This|document specifies criteria and requirements for the use of explosive systems) atjd explosive
devi¢es commonly used on spacecraft and other space products, including launchvehiclgs and space
vehigle systems. It addresses the aspects of design, analysis, verification, manufacturing| operations
and gafety.

To the greatest extent possible, requirements from past and existing standards have be¢n analyzed,
seledted and tailored to be incorporated herein. In addition, the requitements herein ijclude those
genefated as a result of lessons learned from launch and space vehicle'programs.

NOTH Specific requirements for man-rating are not addressed.

2 Normative references

The following documents are referred to in the text~ifY such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the refeyenced document (including any amendments) applies.

ISO 14300-1, Space systems — Programme management — Part 1: Structuring of a project

ISO 44113, Space systems — Space debrisimitigation requirements

3 Terms, definitions, abbreviated terms and symbols

3.1 | Terms and definitions
For the purposes of thissdocument, the following terms and definitions apply.
ISO gnd [EC maintain terminological databases for use in standardization at the following dddresses:

— ISO Onlinebrowsing platform: available at https://www.iso.org/obp

— IEC%Electropedia: available at http://www.electropedia.org/

3.1.1
actuator
component (3.1.10) that performs the moving function of a mechanism

Note 1 to entry: An actuator can be either an electric motor, or any other mechanical (e.g. spring) or electric
component or part providing the torque or force for the motion of the mechanism.

3.1.2

all-fire level

lowest level of the fire stimulus (including rise time, shape, duration), which results in initiation of a
first element (initiator) (3.1.36) within a specific reliability and confidence level as determined by test
and analysis

Note 1 to entry: The stimulus duration shall be compliant with the system.

© IS0 2020 - All rights reserved 1
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Note 2 to entry: The test sequence should be carried out at the lowest temperature of the operating range.

Note 3 to entry: The probability of functioning should be equal to or better than 0,999 at the 95 % confidence level.

3.1.3
armed

status of an explosive subsystem, when all the safety devices have been disabled and which is able

to trigger
3.14

auto-ignition

spontaneou

s explosive reaction of energetic materials (3.1.19) in an explosively loaded device d

e to

exposure to

3.1.5

bridgewire
resistive ele
shock to cay

3.1.6
cartridge
explosive d
mechanical

Note 1 to ent

train (3.1.28)

3.1.7

catastroph
failure whi
detrimental

3.1.8
charge
explosive (3|
explosive dd

3.19

closed bomb

fixed volum

3.1.10
component
setof mater
without des
expected pe

environments or interfacing materials

ment incorporated into the first element (3.1.30) that converts electrical energy into hg
se initiation of an explosive charge (3.1.8)

bvice designed to produce pressure for performing a mechafical function or actu
device

Iy: A cartridge is called an initiator (3.1.36) if it is the first or only explosive element in an exp

c failure
th results in the loss of human life, mission or a major ground facility, or long-
environmental effects

1.23) loaded in a cartridge (3.1:6), detonator (3.1.14) or separate container for use
vice

e test chamber to measure output characteristics of pressure producing devices

troying-its capability and which performs a simple function that can be evaluated ag
rformance requirements

ator

ate a

Josive

term

n an

als, asserfibled according to defined and controlled processes, which cannotbe disassenpbled

ainst

L.

Note 1 to ent

T 4 (s YR £ | 1 £ H £ 1 L. 3 1 1 H | 3
I'IIC LCTIIT }Jal U 15 lJl CICITCTU WIICTITITITI T llls U Pul Cl_y mIccIiiaInitar ul CA}JIUDIVU UCTVILTS.

y.

Note 2 to entry: The term “component” is preferred for EEE devices.

3.1.11

cook-off temperature
maximum temperature to which an explosively loaded device can be exposed for a period of one hour
without reaction

Note 1 to entry: The determination of the cook-off temperature is time and application dependent.

3.1.12
deflagratio

n

chemical decomposition propagating through the explosive (3.1.23) at a subsonic velocity
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3

detonation
chemical decomposition propagating through the explosive (3.1.23) at a supersonic velocity such that a
shock wave is generated

3.11

4

detonator
initiator (3.1.36) whose function is to transform external energy (e.g., mechanical, electrical, thermal)
directly into a shock wave strong enough to detonate a secondary high explosive (3.1.34)

1:2020(E)

Note 1 to entry: Detonators are generally used to effect detonation (3.1.13) transfers within explosive trains

(3.1.383-

3.1.15

duding

explosive charge (3.1.8) or component (3.1.10) that fails to fire or function upon receipt of the prescribed
initigting stimulus, after an external effect (human failure, manufacturingfailure, enyironmental,
chenjical, ageing, etc.)

3.1.1
elect
EED
first
a bri
expld

Note

3.1.1
elect
ESD
tranf
orin

3.1.1
end
pers

Note

3.1.1
ener
mate
contj
detol

3.1.2

6
ro-explosive device

element (3.1.30) of an explosive train (3.1.28): initiator (3:1:36) electrically actuated
lgewire (3.1.5) to transform electrical energy inputted<into a reaction of the mixtur
sive (3.1.23) or pyrotechnics (3.1.47))

1 to entry: The output of the initiation is heat, shock ormechanical action, see 3.1.13.

7
rostatic discharge

fer of electrostatic charge (3.1.8) between objects at different potentials caused by di
Huced by an electrostatic field

8
1ser
bn who, or organization that, actually uses a product

1 to entry: The end usér may not to be the owner or buyer.

9
getic material

rial containing, an explosive (3.1.23), oxidizer, fuel or combination of them, that c
ribute ta}.0r cause rapid exothermic decomposition such as: combustion, deflagratio
hation(3.1.13)

0

, which has
e used (e.g.,

rect contact

hn undergo,
1 (3.1.12) or

expanding tube separation system
separation system that emits no contamination and that includes detonating cord in a ductile metal

tube

and a structure containing geometrically controlled stress risers

3.1.21
exploding bridgewire device
EBW

high

voltage device in which the bridgewire (3.1.5) explodes when functioned

3.1.22
exploding foil initiator

EFI
high

© ISO

voltage device that generates a supersonic flyer plate when functioned
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explosive

:2020(E)

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

3.1.24

explosively actuated device
mechanism that converts the products of explosion (combustion, deflagration (3.1.12) or detonation
(3.1.13)) into useful mechanical work

Note 1 to entry: Pyro-mechanisms and linear detonating separation devices are explosively actuated devices.

3.1.25
explosive c
any discretg

3.1.26

pmponent
item containing an explosive substance

explosive fiinction

any functioq

3.1.27

explosive s
collection o
the interfac
equipment 3

3.1.28
explosive tj
ET

series of exj
the final exp

3.1.29
extreme en
positive ma

Note 1 to ent

3.1.30

first elemel
initial elemé
explosive en

3.1.31
fail operati
mission cap

3.1.32
fail safe

| that uses energy released from explosive substances for its operatipn

ystem

[ all the explosive trains (3.1.28) on the spacecraft (3.1.60),erdauncher (3.1.38) system|
e aspects of any on-board computers, launch operation equipment, ground support ang
nd all software associated with explosive functions (3.1:26)

rain

losively actuated device (3.1.24)

velope
gin over the conditions of the qualification envelope

Fy: The device or system designh is based on the conditions that define the extreme envelope.

Nt
nt of an explosive’system (3.1.27) that converts electrical, optical, or mechanical ener

ergy

jonal
hble.after one failure

and
| test

losive components (3.1.25) that transfer explosive signal from the first element (3.1.30) to

gy to

design property of a system/subsystem (or part of it), which prevents its failures from resulting in
critical or catastrophic consequences (i.e. remain safe (3.1.50) after one failure)

Note 1 to ent

3.1.33

ry: Maintaining safety following two independent failures is referred to “fail safe - fail safe”.

gas generator
explosive device wherein pyro charge (3.1.8), as a result of chemical reaction, is converted in gaseous

products of

reaction or exothermic output, or both
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3.1.34

high explosive

HE

any chemical material in which the fuel and oxidizer are contained in the same molecule, the
decomposition of which is a detonation (3.1.13)

3.1.35

hot bridgewire device
HBW

low voltage EED (3.1.16)

3.1.36

initiator
first|explosive element in an explosive train (3.1.28) which, upon receipt of the propér |mechanical,
optidal or electrical impulse, produces a deflagrating or detonating action

Note|l to entry: The initiator is divided into three categories: 1) igniter, a first element whose putput is hot
gaseq and hot particles (igniters may be initiators for solid or liquid propellant (3.145)); 2) squib, alfirst element
whose output is primarily gas and heat (squibs may be initiators for gas generqtors’(3.1.33) and ighiters or may
be caftridges (3.1.6) for actuated devices); 3) detonator, a first element whosé-Qutput is a high-order detonation
(3.1.13) (detonators (3.1.14) are generally used to effect detonation transfers within explosive traing).

Note 2 to entry: The deflagrating or detonating action is transmitted to¢he elements following in the train.

Note 3 to entry: Initiators can be electrically (EEDs (3.1.16)), optically or mechanically actuated.

3.1.37

laser initiated device
LID
first element (3.1.30) containing explosives (3.1.23) that is ignited by laser energy

3.1.38

launcher

launch vehicle

vehi¢le designed to transport payloads’to space

3.1.39
lifetime
perigdd over which any preperties are required to be within defined limits

3.1.40
lot
batc
group of components (3.1.10) produced in continuous, without uninterrupted production fun, with no
change in proeess or drawings

3.1.41

lot a\,bcptalu,c
demonstration by measurement or test that a lot (3.1.40) of items meet its requirements

3.1.42

no-fire level

maximal level of input energy with an ignition stimulus (including nominal rise time and shape as
required by the system, but with a 5 min extended duration), to a first element (initiator) (3.1.36) at
which initiation will not occur within a specific reliability and confidence level as determined by test
and analysis

Note 1 to entry: The test sequence should be carried out at the hottest temperature of the operating range.

Note 2 to entry: The probability of functioning should be less than or equal to 0,001 at the 95 % confidence level.

© IS0 2020 - All rights reserved 5
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Note 3 to entry: A first element tested at this level shall remain safe (3.1.50) and functional and shall guarantee
the level of performances required after the no-fire level test.

3.1.43

packaged charge
explosive material in a closed container

3.1.44

primary explosive
reaction extremely sensitive explosive material that will detonate in response to normal
environmental stimuli

Note 1 to e

3.1.45
propellant
deflagrating

3.1.46

pyro-mech
device interny
of an energe

3.1.47
pyrotechni
mixture of f]

3.1.48
pyrotechni
basic pyrot
substances
transmissio

3.1.49

refurbish
replace com
extend servi

3.1.50
safe
property of

3.1.51
safe and ar
S&A

explosive material whose output is essentially gaseous

hnism
ded to perform one or more mechanical actions, using the energy produced by the rea
tic material (3.1.19)

CS
Liels and oxidizers that can deflagrate

c device

echnic object (from explosive train (3.1:28) or explosive device) containing expl
and intended to perform an initiation (e.g., ignition, priming), a pyrotechnic g
h, amplification effect, or generation-of a function

ponents (3.1.10) or elements in an explosive device or system to maintain reliabili
ce life (3.1.58)

hn item and itS\ehvironment that limits its potential for damage to an acceptable risk

m device

ry: In their intended role, these materials are sensitive to a range of thermal, mechanica|l and

1

electrical stifnuli, including exposures during processing.

ction

Dsive
ffect

Ly or

mechanical

or-electromechanical device that provides a moveable barrier within the explosive

train

(3.1.28) do

3.1.52
SCOOp-proo

NStream of the firstelement (3-1-30)

f 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)

3.1.53

secondary characteristic
any characteristic other than the function

© IS0 2020 - All rights reserved
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3.1.54

secondary explosive

explosive material that is insensitive to heat or handling impact but will detonate under strong
shock impulse

3.1.55

semiconductor bridge initiator

SCB

EED (3.1.16) that uses a semiconductor as the bridge element

3.1.56

sensjitivity
charjficteristic of an explosive (3.1.23) that expresses its susceptibility to initiation by externally applied
energy such as heat, mechanical shock, or other stimuli

3.1.57
sequential firing
application of the firing pulses to initiators (3.1.36) separated in time

3.1.58

servjce life
life that is established by testing or analysis during qualification or acceptance tedting and is
periddically extended by testing

3.1.39
sneak circuit
undgsired function or function that inhibits a desired fiinction

Note [l to entry: The path may consist of hardware, software, operator actions, or combinations of these elements.
Sneak circuits are not the result of hardware failurebut are latent conditions, inadvertently designed into the
systejm, coded into the software program, or triggered by human error.

3.1.40

spacecraft
manfed or unmanned vehicle purposely delivered by the upper stage of a launch vehicle¢ (3.1.38) or
transfer vehicle, and designed te.orbit or travel in space

Note |l to entry: A spacecraft is\a space segment element.
EXANPLE Satellite, baHistic probe, re-entry vehicle, space probes and space stations.

3.1.41
spacge vehicle
manfed or unmanned vehicle constructed or assembled for the purpose of manceuvring, moving,
operpting, exbéing placed in outer space

Note [1to entry: A space vehicle can be a launcher (3.1.38), a rocket, a payload, a space capsule, a space shuttle, a
spacd p]nnp, aspace station etc_or any assembled combination thereof

3.1.62
success
simultaneous achievement by all characteristics of required performance

3.1.63
sympathetic firing
firing of other explosive devices due to the output of any other

3.1.64

transfer line

linear explosive assembly in which the explosive material is confined in a metallic sheath plus various
layers of over-wrap materials intended to limit radial expulsion of detonation (3.1.13) products, but
sustain linear propagation of detonation waves

© IS0 2020 - All rights reserved 7
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3.1.65

through-bulkhead initiator

TBI

relay which provides transition between the detonation (3.1.13) from a transmission line inputted, into
combustion of the explosive material located output, through a sealed bulkhead metallic component
(3.1.10)

Note 1 to entry: The bulkhead remains tight after functioning under the specified environment, e.g., pressure
and temperature.

3.1.66

ultimate designfactor-ofsafety

FOSU

multiplying|factor applied to the design load in order to calculate the design ultimate load
3.1.67

yield design factor of safety

FOSY

multiplying|factor applied to the design limit load in order to calculate the designyield load

3.1.68
user manual
document pfovided by the supplier to describe all the appropriate rules-of operations

Note 1 to entfy: A content description is given in Annex E.

3.2 Abbrgviated terms

AIT assembly integration and tests

AlV assembly integration and verification
AL acceptance test load

CDR critical design review

DC direct current

DLL design limit load

DMPL declared matérials and processes list
DRB deliveryrégview board

DRD docunient requirements definition
DSC differential scanning calorimetric
DTA differential thermal analysis

DUL design ultimate load

DYL design yield load

EMC electromagnetic compatibility

EMI electromagnetic interference

FMECA failure modes, effects and criticality analysis
FRP fibre reinforced polymer

8 © IS0 2020 - All rights reserved
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FTA
GSE
ICD
KA
KQ
LEO

fault tree analysis

ground support equipment
interface control document
acceptance test factor
qualification test factor

low earth orbit
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MEOP
MRR
MSD§
N/A
NC
NO
PDR
QL
RAMS
RF
RFI
RFP
s/C
SDS
SRS
TBP(
TBPM
TBPY

maximum expected operating pressure
manufacturing readiness review
material safety data sheet

not applicable

normally closed

normally open

preliminary design review
qualification test load

reliability, availability, maintainability)safety
radio frequency

radio frequency interference

request for proposal

spacecraft

safety data sheet

shock response spectrum

to b€ provided by customer

to,be provided by manufacturer

to be provided by user

TGA
UM
UNO
UNECE

VTS

thermo-gravimetric analysis
user manual

United Nations Organization

United Nations Economic Commission for Euriope

vacuum thermal stability
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3.3 Symbols

@

4 Requil
4.1 Gene

4.1.1 Bac

Since an ex]
crucial mis
identical ite
theoretical
for repeatal

The need fo
and charact
provide cus

Failure or u

life-threatening. Specific requirements can‘exist for the items associated with it. As all explos

whatever t}
standards n

If there is s
against any
standard de|

When view
document {
circumstan

NOTE T4
documents a

At

standard surface gravity (9,806 65 m/s2)
drop height (m)

helium

mass of drop weight (kg)

standard deviation

rements
ral

kground information

blosive item used for flight can function only once, it can-iéver be fully tested befol
bion operation. The required confidence can only becestablished indirectly by te
ms, within destructive tests on samples from commg@n production lots. Test result
ustification are essential to demonstrate fulfilment®f'the requirements. The require
ility shows that product assurance plays a crucial ¥ole in support of technical aspects.

Ir statistics requires that the explosive components used in an explosive system be t¢
erized extensively. The variability in compefifents means it is essential that manufacty
rfomers with proof that the delivered items are identical to those qualified.

hintentional operation of an explosive item can be catastrophic for the whole missiof

eir use, are to be treated similarly, the same requirements, regulations, practiceg
eed to be applied to help aveiding human error.

ufficient data to establish the reliability and confidence level for any given perfornj
given condition, this_should be done. Subsequently, all margins should be converted
viations (o) and beincorporated into the reliability and confidence analysis.

ed from the perspective of a specific project context, the requirements defined in
hould be tailored to match the genuine requirements of the particular profile
es of a project.

iloring is a process by which individual requirements of specifications, standards and re
Fé-eyaluated, and made applicable to a specific project by selection and, in some exceptional

re its
sting

and
ment

bsted
hrers

1 and
ives,
and

ance
into

this
and

lated
ases,

modification of €XISTING OT addition of NeEwW reqUITEMents.

The requirements of this document are drawn from the more detailed specifications of AIAA S-113A
and ECSS-E-ST-33-11C.

4.1.2 Overview

Being generally applicable, the requirements stated in this clause apply throughout and are not repeated
in the clauses relating to specific topics.

As describe in Figure 1, explosive systems and devices use energetic materials in the explosive train
(explosives, propellants, powder) initiated by the firing system: mechanical, electrical, thermal, or
optical stimuli, for unique (single-shot) functions, e.g. solid booster initiation, structure cutting, stage
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distancing, pressurized venting, stage neutralization, pyro-valve opening or closing, release of solar
arrays, antennas, booms, covers and instruments.

| Electrical, Optical or Mechanical Energy Conductive Path

Power, L B Explosi
Command, . Inll;aaltlon s ElFlrSt . Elrjl e(;swe AEn?iIteE[rinn
d Control ulse ement gy pplicatio

an Output

ExXptostve

' | FIRING SYSTEM _[——1*—|__EXPLOSIVE TRAIN [—f¢{ Device i

A

Figure 1 — Explosive system flow diagram

The properties of the initiator govern the major part of the behaviour of the system.

The yequirements for initiators and their derivatives, such as cartridges and detonators, atte defined in
specific requirements related to the specific types.

Properties of explosive components and systems, which cannoet be covered by requiremlents for the
initigtors alone, are defined in specific requirements relating to the types of explosively actyiated device
or pyro-mechanisms.

Othefr components of the explosive system, which can'be tested and do not need specific requirements,
are qubject to the general technical and productiassurance requirements. Detailed aspects of these
components are included where they have a significant influence on the success of the syst¢m.

Single-shot items can never be tested in advance. Particular care shall be taken in their development,
qualification, procurement and use, in acegrdance with the development phases specified in |[SO 14300-1.

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

4.1.3 Applicability

This|document applies in‘addition to any existing standards and requirements applicable tp spacecraft
or lafinchers considered:.

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.

b) Korevery 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 no component shall adversely affect its substitute.
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tem layout should facilitate the replacement of subsystems or components.

be replaceable.

Annex E) of the explosive system and devices.

Parts of the explosive system and devices identified as critical on the basis of a RAMS analysis shall

Replaceable parts and substitutes shall be listed in the user manual (content description in

The initiation system addressing first elements (initiators) shall be designed such that the minimum

stimulus applied to each device in the system is equal to or greater than 2 times the statistical all-
fire level, defined on the main parameter of the device, (e.g., current for EED, power density for LID,

vn]f;\gp for ERW m'r‘)

b) The sys

c)

d)

e)
all fire

f) Tests aj
element
explosiy
output
Explosi}

g) Safety 4
explosiy

4.2.2 Deb

There is inf
vehicle orbift
and associat

Explosive d
performanc

In addition,

1d/or analyses shall be used to validate that a positive margin exists between'the
minimum output energy and the minimum input energy requirements of the interf:
re device. Tests shall also verify that a margin exists between the first element maxi
bnergy and the upper limit of acceptable input energy of the interfacing @xplosive dg
e charge weight alone cannot be used to predict energy output.

ystem shall be used to guarantee any explosive device unwanted ;unlocking from
re devices in interfaces.

ris requirements

al stages, operating spacecraft and satellites) shall ntfanage and minimize debris gener
ed risks.

bvices shall not emit any products that will bé‘detrimental to the integrity, the safety
e of the vehicle.

considering that not any long-term_orbital debris [orbital velocity higher than 8 km

A Zone (LE
remain in s

orbital staggs in a way to avoid debris production during flight and end of mission. Pyrotechnic de
on orbital stages shall be designed so-ds‘to comply with the requirements in ISO 24113 regardin

D: 0 km to 2 000 km); see ISO 24113 for the definition of the LEO protected region]
ace, avionics equipment shall bé designed and organized to operate the pyro sequengd

first
hcing
mum
vice.

bther

ernational consensus formalized into ISO 24113 that\space activities (including launch

htion

r and

/s in
shall
es of
vices
o the

release of space debris into Earth orbit{i.e. no space debris larger than 1 mm in their largest dimefsion

into Earth o

To avoid or
explosive tr

bit).

bit and ground debris from orbital stages, the architecture, design and dimensioni
hin shall take imto-account:

hg of

— mission|profile (flight parameters, orbital speed, etc.);
— environmentinduced;
— charactpfistics reached by the space system (thermal impact, hazardous on-board rema

ning

materia

12

IS, etc.);

stage passivation sequence;

conditions of the break up process & sequence;

national authority requirements concerning debris;
requirements related to ground safety against re-entry;

impact of debris dispersion on the on-ground footprint;
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4.2.3 Reliability and confidence levels

a)

b)

4.2.4 Performance

b)

4.2.§ Wanted and unwanted response

b)

For the reliability demonstration, the customer shall agree which performance parameters are

declared as mean values with associated standard deviation.

NOTE1 The reliability demonstration is used to justify design margins including the influence of ageing,

temperature, and explosive batch.

The explosive system shall achieve the specified properties within reliability and confidence level

defined at system level.

NOTE 2  All components are contributors.

INOTE 3  This document 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 %.

|

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

The selection of the statistical methods and functional parametérs; used to determine
performances, shall be justified and approved by the customer.

Performances shall be quantified by measurement versus time of initial, transition
values of the specified properties.

INOTE Specified properties are listed in 4.11Land 4.12.
The specified time intervals [defined in a)] shall be identified and measured between €
1) aclear reproducible initiation eyent and the attainment of the performance value,

2) an initiation event and 90. % of the measured performance value (e.g., initiatio
closed bomb).

The basis of the time shallbe specified and justified.

For wanted résponse, the response of any component, when subjected to the specifig
robable stimulus, shall be demonstrated to be more than the specified lower limit agrg
he custemer and the supplier.

tvel equal to

D,001 with a

the product

hl, and final

ither
br

h event in a

d minimum
ted between

orinwanted response, the response of any component, when subjected to the specifisg

d maximum

ossible disturbance, shall be demonstrated to be less than the specified upper limit agreed

between the customer and the supplier.

NOTE This applies to safety and failure.

4.2.6 Dimensioning

4.2.6.1 Strength

The explosive system shall sustain, before, during and after firing:

a)
b)

the internal loads due to operation, and

the external loads defined by the user.

© IS0 2020 - All rights reserved
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NOTE These loads represent the sum of pre-load, static, dynamic, thermal and any other load seen in service.

4.2.6.2 Integrity

a)
b)

c)

d)

4.2.6.3 Explosive charge sizing

a)

b)

d)

14

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 an
FOSU faetor

The factors FOSY and FOSU shall be consistent with the values given in Annex B depending op the
materials used.

The defprmation of a component shall not

1) redpce its specified performance,

2) affgct any part of the system,

3) caupe leakage more than the specified limit,

4) caupe debris more than the specified limit.

The methodology for dimensioning the charge of the\eXplosive devices shall be justified and be
done by|testing or modelling the worst-case conditions.

NOTE 1| Worst-case conditions include temperatiire, ageing, radiation effects.

A “margin policy factor", Kyp; shall beidefined, justified and applied in accordance with the
methodplogy given in Annex A.

NOTE 2 | This factor, used to give cofifidence to the design, covers (non-exhaustive list):
— the lack of knowledge on the failire modes and associated criteria,

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

— the non-tested zones.

NOTE 3| Justification can be performed based on relevant historical practice and analyticpl or
experimpental means.

NOTE 4 [ Kyp can have different values according to the explosive materials or device behaviour in the
mission profile (e.g. expanding tube, cutter, pyrotechnic actuator). lln

When modelling is performed, Kyp, shall include the uncertainties of the model:
1) defined,

2) justified,

3) applied during simulations and analysis.

Depending of the development phase, Ky;p shall include a “project factor”, according to the
uncertainty in the program level requirement.

NOTES5  The project factor applies during the B Phase of the development can become equal to 1 after the
PDR with the updated technical specification.
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Kyp shall include an “explosive factor”, for uncertainties on the behaviour of explosive materials in
the mission profile and its use configuration.

NOTE 6  The uncertainties can be related to ageing, radiations, temperature influences, batch influence,
and chemical compatibility (material, gases, humidity, etc.).

NOTE 7  Use configuration can be, for example, loading density, confinement, thermal exchanges, etc.

4.2.6.4 Motorization

When a mechanical force or torque is complementary to the explosive energy to achleve a motion in an

X l r']n“rII‘n tho folloving mant oo bt £o o0 reagHrerments chall ol o dianncins i t tl n
exp psive-de e tHe oW g o terZatoiractorregarements Saamrappry-to-aHReRseh—+1€ actuatio

forcq or torque

a) fo provide throughout the operational lifetime and over the full range of travel lactuation torques
or forces) according to provision d) or €);
b) fo derive the factored worst-case resistive torques (or forces), the cemponents of resistance,
¢onsidering in-orbit worst-case conditions (environmental effects, e«g vacuum, tempdrature, zero
1) shall be multiplied by the minimum uncertainty factors specifiedin Table 1;
Table 1 — Minimum uncertainty/factors
Component of resistance Symbol Theoretical factor Measuied factor
Inertia I7 (or If) 1,1 1,1
Spring S 1,2 ,2
Motor magnetic losses Hy, 1,5 1,2
Friction Fp 3 1,5
Hysteresis Hy 3 1,5
Other (harness) Hy 3 1,5
Adhesion Hp 3 3
c) The theoretical uncertainty factors in Table 1 may be reduced to the measured factors providing
the worst-case measured totque or force-resistive components are determined by measurement
dccording to a test procedure approved by the customer and demonstrate the adequacy of
the uncertainty facter, with respect to the dispersions of the resistive component functional
performances.
d) The minimumactdation torque (7T,,;,) shall be derived from the following formula:
Tin 520> (1,11 + 1,25 + 1,5Hy + 3Fg + 3Hy + 3H, + 3Hp) +1,25T + T,
hete
I+ is the inertial torque applied to a device subjected to acceleration in an inertial frame of
reference (e.g. spinning spacecraft, payload or other);
Tp is the inertial resistance torque caused by the worst-case acceleration function specified
by the customer at the device level;
T, 1isthe deliverable output torque, when specified by the customer.
e) The minimum actuation force (F,,;,) shall be derived using the following formula:

Fmin

=2,0x (1,1Iz+ 1,25+ 1,5Hy +3 FR+ 3 Hy + 3 Hy+ 3 Hp) + L25 Fpy + F|,
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is the inertial force applied to a device subjected to acceleration in an inertial frame of

reference (e.g. spinning spacecraft, payload or other);

Fp is the inertial resistance force caused by the worst-case acceleration function speci-

fied by the customer at the device level;

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

f) The kinetic energy of the moving components shall not be taken into account to meet the specified

motori

4.2.6.5 Sed

Explosive dg
with a maxi
that are no
Assemblies
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be adversely

Use of orgaij
the explosiy

Seal effectiv

All interface
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should cons

environmerfts and for a prolonged period (to be decided).

dn £ b
dlUIUIT IdCLUIL.

aling

bvices shall be hermetically sealed or contained in an assembly that is hermetically s
mum allowable leak rate defined in the requirements tables in 4.12 and-4/13. Assem
[ hermetically sealed shall ensure the explosives within them are_hermetically s
'hat are hermetically sealed shall ensure energetic materials installed.in them are prot¢

r affected by contamination from the environment.

ic materials to enhance seal effectiveness is acceptable pfoyided they are compatible
e materials used.

eness shall be verifiable before and after exposure to‘thermal and dynamic environmg

s in the explosive system shall provide adequate-protection to preclude intrusion of w
her contaminants when exposed to worst:case predicted environments. The des
ider that a launch or space vehicle may rémain on the launch pad through very ext

paled
blies
aled.
pcted
I not

with

nts.

rater,
gner
reme

4.3 Mission

a) The usqg of explosive functions, including those for flight termination and range safety, during all
phases pf the mission, shall be specified.

b) The enviironmental conditions)life cycle and functions being activated shall be specified.
EXAMPIE Ground storage, transport, launcher ignition, staging and safety functions, payload and
spacecrdft separation, motor ignition, solar array, antenna, boom or cover release, propulsion system branch
openinglor closing, de~grbiting.

c) Missiontrelatedrequirements placed on the explosive system shall be specified.

4.4 Functionality

a) The firing sequence of each function of the explosive system shall be specified.

b) The explosive system shall react only to a specified stimulus (e.g. nature, range of values) and shall
be insensitive to all others.

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

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

e) Unwanted functions or malfunctions shall be prevented.

f) The firing sequence (simultaneous or sequential firing) shall cause no anomaly.
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NOTE 1 This applies to secondary characteristics as well as to explosive functions.

g) Explosive systems shall be single-fault tolerant.

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.

NOTE 2  Dual bridgewire EEDs are not considered to be redundant within themselves and do not obviate
the need for a redundant EED.

i) Tvvrmr:haﬂﬂmd?mm'exphmmmmt unwanted

peration or degradation.

4.5 | Safety

4.5.1 General

a) The system, including software and procedures, shall be fail safe.

b) For a catastrophic risk, the explosive system shall be fail safe/fdil safe or fail operationgl/fail safe.

c) The response of any explosive device to conditions outside the conditions specified shall be
feported by the manufacturer to the user.

d) An explosive subsystem shall only respond to commands intended for that explosive sybsystem.

e) KExplosive systems and components shall be designed to minimize risk to personnel| equipment,
flacilities, and environment.

4.5.1 Prevention of unintentional function

4.5.2.1 General

a) The firing pulse (e.g. detonating shock, electrical pulse, light pulse) shall be prevented frpm reaching
gny explosive initiator at-any time except the correct instant by means of switchable harriers (e.g.
¢lectrical, mechanical;plugs, pins).

b) In accordance withithe safety “fail safe - fail safe” or “fail operational - fail safe” and the reliability
fequirements, <provision shall be made to prevent firing or degradation in resporse to radio
frequency, direct and indirect effect of lightning, magnetic field and electrostatic discharge. In
gddition a-sieak circuit analysis shall support the safety justification.

c) Explosive system shall demonstrate that not any unwanted sympathetic firing will occpr.

d) If’the explosive system contains two or more barriers, then at least two of these barriefs
1) shall be independent,

2) shall not be subject to common cause failure, and
3) shall each provide disconnection of the firing circuit.

e) For explosive systems involving a potential catastrophic risk, the barrier close to the source of the
risk shall be a mechanical barrier.

f) The primary and redundant EEDs shall not be activated through the same electrical firing circuit.

g) Stray circuits or coupling, which can result in unintentional firing, shall be avoided.

© IS0 2020 - All rights reserved
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4.5.2.2 Safe and arm device pre-arm function

a)
b)

c)

d)

4.5.2.3 Sdlect function

a)
b)
‘)
d)
e)

4.5.2.4 Arfm function

a)
b)
‘)
d)

4.5.2.5 Fire function

a)
b)
‘)
d)

The pre-arm function shall be the fourth last in a sequence of functions.
The pre-arm function shall be independent and respond only to a unique action.

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

The pre-arm function can include the select function.

NOTE A safe and arm device is not always included.

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

The selgct function shall select the explosive devices.

The selgct function shall be independent and respond only to a unique commahnd.
The selgct function shall be used to control only one explosive function.

The seléct function shall revert to its initial state after the fire commiand within an interval agreed
with the¢ customer.

The armp function shall be the second-last action in the\sequence.
The armp function shall be independent and respond-only to a unique command.
The armp function shall be used to control only one explosive function.

It shall be possible to restore its initial (disarmed) state after the arm command within an intgrval
agreed Wwith the customer.

The firg function shall be thelast action in the sequence.
The firg function maybewsed to activate a number of explosive devices.
The firg function shall be independent and respond only to a unique command.

The firg function shall revert to its initial state after the firing command within an interval agreed
with the customer.

4.6 Survival and operational conditions

a)

b)

d)

18

The explosive system shall survive during and after the specified sequence of conditions,
encountered during transportation, storage, handling and flight, without malfunctioning or
degrading performances beyond the specified limits.

The explosive system shall operate between the extremes of the ranges and combinations of
specified conditions.

The limits used for the qualification of elements and interfaces shall comply with the specified
reliability and confidence.

End users shall specify the characteristics of the expected environment.
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The end user shall specify the explosive system constraints.

The explosive 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 4.15.

4.7

Interface requirements

4.7.1 __ General

The natures of the interfaces are

a)

b)
‘)
d)
e)
f)

4.7.2 Functional

a)

b)

d)

eometry, including the analysis of the dimensions for all phases of life (e.g.,assembl}, transport,
light);

echanical, including induced loads, static and dynamic;
fluids, including venting;
thermal loads;
¢lectrical, including ensuring electrical continuity and EMC;

materials, including ensuring compatibility.

ach interface shall

1) ensure no assembly errors can be made, and

2) prevent damage during assembly or dismantling.

While separated, protection shall be provided to each interface.
INOTE1 Thisis to prevent,activation or damage by external loads and environmental conditjons.

When closed, eachrinterface shall establish stable continuity of properties between the joined
¢lements.

INOTE 2  This~is to prevent disturbance of, or being disturbed by, external loads and epvironmental
¢onditions.

ach interface shall sustain, without degradation in both coupled and separated states

1)““the assembly and dismantling duty-cycle, and

2) the operational and environmental conditions of the application.

4.7.3 Internal

a)
b)

Each element in the explosive system shall be compatible with its neighbour.

Each element shall provide outputs (e.g. electrical, mechanical, thermal, optical) at each interface
with margins over the input requirements of the next element or the explosive system output
requirements.
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4.7.4 External

a) The explosive system shall be compatible with the requirements of all other subsystems on board,
external loading and environmental conditions.

b) If case a) of this list cannot be met, it shall be agreed with the user that either
1) the on-board system requirements be changed, or

2) protection against the environmental conditions be provided or the external loads on the
explosive system be reduced.

4.8 Mechanical, electrical, and thermal requirements
4.8.1 Mechanical

4.8.1.1 Inertial properties

The supplief, in accordance with the reference axis system provided by the customer, shall provide the
customer, before and after firing, component information related to:

a) the mass,
b) the cenfre of mass,
c) theinertial properties, and

d) the numerical model with interfaces, upon request of the-user.

4.8.1.2 Main fixings

Each elemenjt of the explosive system shall be prdvided with an interface compatible with the metfhods
of attachment to the structure or appendage-agreed with the customer.

4.8.1.3 Mpdularity of the system
a) The explosive system shall be assembled from modular components.
b) Itshall be possible to test.the components separately.

c) It shall|be ensured that attachment, installation, repair and replacement can be done without
affecting the surrounding equipment.

4.8.1.4 Ayoidance of confusion (only applicable for launch segment)

a) For laupciDsegment, it shall be ensured, using dedicated marking, that components intended for
different applications cannot be confused.

EXAMPLE Inert components (dummies, etc.) versus live items (test models, flight models, qualification
models, etc.).

Items not suitable for flight use, which could be substituted for flight or flight spare hardware, shall be
permanently identified as NOT FOR FLIGHT, or QUARANTINE e.g. colour coded with a unique colour.

b) For launchers, the colour code (see Annex C) can be applied.

NOTE This is to prevent confusion and to ensure incorrect items are not used for flight or qualification.
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4.8.1.5 Accessibility

a) Access shall be provided, throughout the space vehicle integration,
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.

4.8.1.6 Mechanical input to ICD

Complementary mechanical requirements before and after firing the explosive device’or $ystem shall
be specified by the customer.

4.8.2 Electrical

4.8.2.1 General

a) All explosive devices firing lines shall be initiated via a dedicated module which incgrporate the
gafety inhibits and is mechanically segregated, electricallyindependent and screened.

INOTE Example of an initiation module is a firing unit. Examples of safety inhibits are command inhibit,
‘tﬁ:\rriers and switches. Examples of a segregation are different electronic boards for prime apd redundant
imitiation, different routing of harnesses (electrical, optical and explosive).

b) The explosive system shall provide power-pulses to initiators at the times requfired by the
dpplication.

c) The power pulse, shape, amplitude and-duration shall be as specified in the ICD of the initiator

Ilanufacturer.
d) shall be demonstrated by test that case c) in this list is met.

4.8.1.2 Circuit independence
a) [Kach electrical or optical initiator shall be connected to a dedicated electrical or optical firing line.
b) A separate comnrand shall activate each explosive device for launch vehicles.

c) [If case a) insthis list cannot be met, the alternative circuit shall be justified and agreed petween the
¢ustomer.and the supplier.

d) It shall' be verified by test or analysis that the circuits meet the requirements on reliability and on
the-prevention of unintentional function.

NOTE See 4.2.2 and 4.5.2.

4.8.2.3 Power system overload

The power supply shall ensure that the power subsystem is not overloaded before, during or after the
actuation of any explosive device, even in the case of a single-point failure together with a short-circuit
(both pin-to-pin and pin-to-ground).

4.8.2.4 Electromagnetic compatibility (EMC)

a) The explosive system power, command and control electrical circuitry shall limit the generation of
electromagnetic fields or conducted noise to a level at least 20 dB below the no-fire power rating.
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b) The explosive system shall provide shielding to the same levels specified in a) when exposed to
conducted and radiated susceptibility tests.

c) Control circuits shall limit the power level at any barrier to at least 20 dB below the no-fire power.

4.8.2.5 El

ectrostatic discharge (ESD)

a) The explosive system’s power, command and control electrical circuitry shall

1) survive,

2) not

be dngrnﬂnﬂ hy cppr‘ifind electrostatic dicr‘har‘gnc’

3) be testable to verify survivability.

b) Protect
1) pre
2) pre
3) pre
4) bet
c) Electroj
d) Build-uj
e) Measur
f) AIlESD
identifig

ve features shall be provided to:

vent initiation,

vent change of state of the safety barriers,

vent parasitic paths,

ested to verify effectiveness.

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

b of electrostatic charges shall be prevented.

bs to satisfy requirement d) of this list shall respect single-point grounding requireme

sensitive components shall be shielded or\otherwise protected from the environmen
pd and listed.

g) Unplannped electrostatic discharges shall be-avoided.

4.8.2.6 V(g

The voltage
firing pulse

4.8.2.7 El

a) Theres
exceed

b) The me

Itage drop

ectrical bonding

stance betWween the case of the electro-explosive device and the electrical ground sha
he specified value according to the bonding requirements given in Figure 2.

allic parts of the explosive devices shall be bonded by direct contact.

nts.

t and

drop in the electrical(circuit shall be taken into account when providing the required

]l not

c¢) Theshi

tdingof the electricat pigtaiied exptosive devices shatt be bonded at botit ends of Conm

and its explosive device.

22

ector
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==

Key N
3

1 donnector Q)
2 g¢quipment q/
3 1pnain frame %O

4  g¢quipment bonding stud $\\

5 Bonding strap O

6

7

qtructure QQQ

yehicle-bonding stud ground reference

Figure 2 — Bondi%\?équirements

N
¥
o

a) [very electrical firing circuit and mp%{ering circuit shall be electrically independent frorn each other.

4.8.2.8 Isolation

N
b) The explosive system shall iso[ae‘}che explosive device to prevent power drain or parasitic paths
Iefore and after firing. @ .

c) Provision shall be madeéigolate power lines of the explosive system from electrical gjround.
INOTE This is to %@e.nt continued drain on the power system after firing, when, for example, a short
¢ircuit to ground c%}\ cur. A current can be drained by the structure instead of the electrical harness.

d) IProvisions f undancy shall not prevent fulfilment of requirement a) of this list.

e) $afean @¥~ device control and check-out circuits shall
1) ,Q&fhdependent of the firing circuits, and

) 33 B\araba s oas daad ool o o 1] PPN Foen
J ST SCPar atC IO TIItCT CITalTg CaoT C

f)  For launchers only, provision shall be made to isolate power lines and return lines of the explosive
system from electrical ground.

4.8.2.9 Insulation

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

4.8.2.10 Leakage

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

a) When exposed to RFI, the induced current shall not exceed the greater of the following:

1

2)
one

NOTE

20 dB below the no-fire current;

— reliability and confidence levels are given in Table 1).

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

b) When exposed to RFI, the explosive system shall not be degraded.

20 dB below the RF sensitivity threshold (any reaction of the component, even a non-nominal

4.8.2.12 M

a) Thema

NOTE

b) The supplier shall provide the customer with the magnetic properties of thelexplosive device.

c) Theexp
safety n
4.8.2.13 Li

a) For laupch segments, in accordance with the direct and indirect lightning environment proy

by the ¢
differen

b) Explosi)

NOTE A
and compong

4.8.3 Thermal

4.8.3.1 S¢
a) Explosiy
1) sur
2) not

3) be testedto verify survivability.

hgnetic cleanliness
ximum level of residual magnetism shall be agreed with the end user.

Reduced levels can be achieved by the choice of suitable materials.

losive system shall not generate magnetic fields exceeding the electromagnetic interfej
pargins level required (TBPU).

ghtning
ustomer, the explosive systems shall preclude nfiwanted firing due to electrical pote
ces, or current generated within the explosive system by exposure to lightning.

e systems should preclude degradation byaexposure to lightning.

sessment of survivability can be accomplished by inspection and analysis of the explosive sy
nts design.

nsitivity
e systems and comiponents shall
vive,

be degraded by defined thermal loads in terms of intensity, duration and cycling, and

ence

rided
ntial

r'stem

vefeatures shall

1) be provided to prevent unintended initiation,

2) be provided to prevent loss of performance, and

3) Dbe tested to verify effectiveness.

Build-up of heat shall be prevented.

ment.

the maximum predicted temperature during worst-case service life.

b) Protect
c)
d)

environ
e)
24

All thermally sensitive explosive devices shall be shielded or otherwise protected from the

Explosive devices shall not decompose when exposed to thermal environments that are 30 °C above
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NOTE This is to ensure no self-ignition under "cook-off" test.

4.8.3.2 Heatgeneration

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

4.8.3.3 Thermal input to ICD

Complementary thermal requirements before and after firing the explosive device or system may be
specified by customer.

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 int€gration of any circuit before

and after firing, without inducing firing, unintentional status changes or degradation, and

2) theindication of at least the status of the safe and arm deviee during the mission.

b) :Ifl shall be possible to check the safe status of the barriers protecting the initiatgr before its

ounting.

c) Check-out circuits shall not allow current flow oryelectrostatic discharge causing upintentional
¢ffects in the explosive system.
INOTE This applies also after any single failure.

d) Any checking out of the status of electri¢al initiators shall limit the check-out current tp 10-2 times
the “no-fire” current on the bridge wite.

e) Any checking-out of the status of\optical initiators shall limit check-out power to 10~ tihtnes (TBPU)
the “no-fire” power at the fire:wavelength on the optical interface if the fire wavelength is used.
A different wavelength than'that used by the firing laser is recommended for check out].

f)  The checking-out pewer or current or optical wavelength or frequency shall cause no upintentional
effects or hazards,even after any single failure.

g) Any checking-oitt of the insulation resistance of the explosive system shall limit the voltage to 50 V
IDC to preventperformance degradation (e.g. duding).

h) Provision shall be made for an immediate warning signal to be given for any unplanng¢d change of
gtatus'of any explosive system control or check-out device.

EXAMPLE Thermal control requirements or material temperature IImits.

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 accessing the arm plug receptacle during AIT phases.

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)

b)

d)

f)

g)
h)

26

The parts, materials, and processes shall be selected to maximize commonality and thereby
minimize the variety of parts, related tools, and test equipment required in the fabrication,
installation, and maintenance of the vehicle.

The parts, materials, and processes shall be selected to meet the functional, performance, safety,
reliability, contamination, and strength requirements of the end item during its design life,
including all environmental degradation effects.

All materials, including explosive substances, shall be compatible with those materials with which
they cap-ceome-into-contact

coTIre-rrrro-cotreocer

NOTE 1| 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, and dangerous with direct\contact.

Adhesiyes, sealants, and solvents used in explosive devices shall be compatible with the explosives
containgd therein.

Inherently fungus-inert materials shall be used.

Continued exposure to the expected environmental conditions (including vehicle propellants,
fluids, and gases) shall not cause degradation or increased sensitivity in excess of agreed limits.

Enveloges and Metals shall be corrosion resistant, or shall*be’suitably treated to resist corrgsion
when subjected to the specified environments including mechanical (stress corrosion, [etc.),
climatiq (humidity, salt fog, etc.), materials, fluids and Tubricants (corrosive contacts, etc.) dyiring
manufafture, installation, storage, handling and opefation.

Any sealing system used to prevent degradation-shall be demonstrated to be effective.
No cracking shall be allowed due to shock:-lgads or shock loads combined with low temperaturjes.
NOTE 3| Materials can become brittle at low temperatures.

Age-sersitive materials shall only be used where degradation causes no loss of explosive syjstem
perfornjance beyond the limitslagreed with the end user.

The natpre and condition ofage-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.
The use|of primary€xplosives should be minimized and shall be evaluated and approved by the|user.

The de¢omposition, cook-off, auto-ignition, and melting temperatures of all explosives shgll be
at least 30 °C higher than the maximum predlcted env1ronmental temperature to Wth
materia
orbit. Explosives that can react in response to normal env1ronmental stlmull shall only be used in
agreement with the user.

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

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

NOTE4  Test methods can be DTA, DSC, TGA, VTS.
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4.10 Production lot

Explosive items shall be manufactured and tested in individual production lots during the various
stages of manufacturing to assure that all items in a production lot are assembled to the approved
configuration:

— during the same time period,

— using the same production process, materials, tools, methods, personnel, and controls.

Any interruption of a continuous manufacturing process shall be identified by the supplier. Units on

eith
tests
perfy

r side of the interruption shall be considered to belong to sub-lots. In-process ins

ections and

and acceptance testing shall verify that all sub-lots demonstrate homogeneous att
rmance. If this is verified, the subgroups could be suggested to customer, tode cq

belong to a unique lot.

Each|
and
mats
ident

Expl
aften

production lot shall be loaded with explosive materials manufactured, handled, stored
ested as a single lot. Critical non-explosive materials such as safety caps; ¢losures, and

rials shall also be lot controlled. Materials and parts that must be-single lot contro
ified for each design and properly controlled during lot manufactuting.

psive components shall be considered one-shot items. They shall'not be refurbished f|
firing.

4.11 Non-explosive components and equipment

4.11

a)
b)
‘)
d)

€)
f)
g)
h)
i)

j)

.

)

|

|
q
I
I
|

1 Connectors

[here shall be only one connection per pin.

The requirements of 4.7.2 shall apply ta.€onnectors of non-explosive components and ¢

Mismating of connectors shall be itmpossible (e.g., geometry, layout, dimensions, harne

[he insert polarization and cohtact arrangement of the connectors used in the expld
hall not be used elsewherelon the space vehicle.

nitiator connector shall\be terminated by male contacts.

$pare or un-terminatéd contacts shall not be allowed.

Klectrical connectors shall provide continuous shielding in all directions.

Klectrical connectors shall provide continuous shielding during

ributes and
nsidered to

, processed,
heat-treated
led shall be

or flight use

quipment.
s length).

sive system

Prime and redundant circuits for the same function shall not pass through the same connector.

) “Yengacgement before the pins connect
J OO r 4

2) disengagement after the pins disconnect.

Connector savers should be used in agreement with AIT requirements.

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

4.11.2 Wiring

a) 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).
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b) All connections between conductors shall be made by

1) soldering,

2) crimping,

3) con

nectors.

NOTE See 4.11.1 for connectors.

c¢) Wiring used for explosives should be visibly and uniquely identifiable.

4.11.3 Shig¢
a) The firi
b) The shig
c) Cable sh
d) Double-
e) For all

gaps or

contain

environment severity.

f) Shields

NOTE

4.11.4 Faraday cap

a) Faraday
b) The Fa

interfer|
4.11.5 Safd
a) Safetyd
b) The saff
c) Itshally
4.11.6 Pow

lding

hg circuit, including the initiator, shall be shielded.

1d, isolators, shall provide 20 dB attenuation at the specified electromagnetic frequen
ielding shall provide 290 % optical coverage.

layer cable shielding should be used.

discontinuities, full shielding at the back faces of the cotinectors, no apertures ir
br housing elements of the firing circuit), in order to be compliant with the electromag]

hall not be used for current carrying.

Shields can be multiple points grounded to the structure.

caps shall be used at the input intetface of the explosive devices.

Faday cap shall prevent EEDs from being initiated or damaged by electromag
ences.

ty cap
aps shall be used:
pty cap shall€ontain the products of initiation of an explosive device.

ot be pdssible to install an explosive device with the safety cap mounted.

er

other element shielding, there should be shielding at 100 %’ optical coverage (e.g.

Cies.

any
netic

netic

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 firing sequence 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,

28

allowing for losses.
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4.11.7 Arm plug receptacle

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

iy
2)
3)

isolation,
coupling of any explosive system, and
testing of any explosive system.

NOTE 1 This connector is referred to as arm plug receptacle.

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

c) Requirements for access shall be communicated to the user, the customer and facilitieq authorities.

d) The arm plug receptacle shall be visibly identifiable.

e) The arm plug receptacle shall be qualified for the number of required'connection cycles (e.g. to

f) The receptacle shall meet the requirements of 4.11.1.

g) A connector saver shall be used.

4.11{8 Safe plug

a) For electrical initiators, the safe plug shall

iy
)
3)
4)

¢over integration, testing and use).

INOTE 2 A sub-D connector, self-locking bayonet or triple-stai't thread type can be used.

INOTE 3  This is to prevent the receptacle and contaetsfrom wear and damage.

short-circuit each initiator,
ground each shorted initiator circuit,
short-circuit each firing/circuit, and

ground each firing circuit.

b) For optical initiatops, the safe plug shall be capable of absorbing or redirecting n times the maximum

c) The safe plug shall be

iy

power the laserean generate, where n is defined by the user.

compatible with the safe and arm connector receptacle,

5
3)
4)
5)
6)
7)

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

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

visibly identified, and

carrying a “Remove before Flight” banner.
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4.11.9 Arm plug

The arm 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) belockdble (e.g. sub-D connector, bayonet or triple-start thread type), and

e) be visiblly identified.

4.11.10Test plug

The test plug shall

a) provide| electrical access to the firing circuits with electrical properti€s’/ (including resistpnce,

g)

4.11.11Saf¢ and arm device

4.11.11.1 General
a) Electricplly actuated safe.aiid arm devices should be used.

b) Asafe apd arm device-shall

30

isolatiop, bonding measurements, Faraday protection and firing etirrent pulse verification,

including its correct distribution) in any line agreed with the end user,
be compatible with the safe and arm connector,

not cariy any potential or current at the time of insertion or'removal,
be suitable for the number of connection cycles necessaty to cover integration, test and use,
be suit]

be scoop-proof, and

be lockable (e.g. sub-D connector, bayonetor triple-start thread type).

iy

2)
3)
4)
5)
6)
7)
8)
9)

ble for use with flight hardware,

be tised in applications where unplanned initiation of the explosive system can cause injury,
deafh, orysevere damage to property,

prepent the mounting of initiators in the armed position,

provide means of remote arming,

provide means of remote safing,

provide safing without passing through the armed position,

prevent manual arming,

provide manual safing and prevent unwanted return to arm,

remain in the selected position under all conditions except when intentionally activated,

prevent the device from remaining in any state between "safe" and "arm",
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NOT

4.11|11.2 Electrically actuated

The
a)

b)

4.11|11.3 Mechanically actuated

The
arm

411|114 Safing

Safirlg shall prevent detonation or initiation transfer by

a)
b)

IS0 26871:2020(E)

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.

It shall not be possible to arm the safe and arm device if an initiator has been activated with the

safe and arm device in safe position.

The safe and arm device shall be capable of being manually positioned to “safe” during any phase of

this cyclic life.

he barrier shall be removable, or a reconnection shall allow propagation when requif
¢ondition).

Remote operation and status indication shall be provided.
Local visible unambiguous status indication shall be provided.
All additional blocks shall be flagged “Remove before flight”.

H Safe and arm devices can use initiator-simulator resistors.

¢lectrically actuated safe and arm device

ghall be designed to withstand repeated cycling from arm to safe for at least five times {
number of cycles, without any malfunction, failure or degradation in performance,

ghall have a demonstrated cyclic life of 1.:000 safe-to-arm-to-safe transitions, or fiy
ﬁumber of transitions predicted during its lifetime, whichever is greater, withou
egraded performance.

mechanically actuated safeland arm device shall be designed to withstand repeated

tthe placemrent of a barrier between the initiator and next explosive element, or

led (“armed”

he expected

e times the
t failure or

rycling from

to safe for at least five tilmes the expected number of cycles, without any malfunction, failure or
degrpdation in performanece.

Ilnisalignment of the initiator and the next explosive element.

4.11.11.5 Arming

a)

b)

Arming shall enable detonation or initiation transfer by
1) the removal of a barrier between the initiator and next explosive element, or

2) alignment of the initiator and the next explosive element.

During transition from “safe” to “arm”, each electrical switch shall disconnect before connecting to

the next circuit.
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Status indicators

a) The device shall

1) provide remote status indications,
2) provide local status indications,
3) indicate an “Arm” status with a black “A” on a red background or a red “A”,
4) indicate a “Safe” status with a white “S” on a green background or a green “S”.
b) The statusimdicationsshattbeumambiguous:
c) Visibilitly of the status indicators when installed on the spacecraft or launcher shall be ensuregl.
4.11.12Initjator harness connector
The initiator harness connector
a) shall comply with the interface requirements of the integral connector of.the initiator, and
b) shall not be used for other purposes on the space vehicle.
4.11.13Initjator test substitute
Any initiatof test substitute shall be representative with respect\to properties which affect the results
of the test.
4.12 Explgsive components
4.12.1 General
4.12.1.1 Applicability
4.11 applies|to explosive components that cannot be fully tested before flight.
For other elements of the systemswlhich can be fully tested before flight, the equipment environmgntal
test conditigns of the user shallapply.
The requirements for explosive components are given below as measurements to be made after spgcific
preconditioping and under-survival and operational conditions identified in 4.6.
4.12.1.2 Identification
a) Each partymaterial or product shall be identified by a unique and permanent part or type number.

b)

means of one or more of the following methods:

1)
sub

2)

ject to degradation with age;

In addition, parts, materials and products shall be identified as individual entities or groups by

date codes indicating date of manufacture, to identify items made by a continuous process or

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 distinguishable;

3)

serial numbers, to identify individual items for which unique data shall be maintained.

c¢) The method of marking shall be compatible with the nature of the item and indicate its behaviour.

32
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d)
1
2
3

ISO 2687

Identification should include

) manufacturer,
) partnumber, lot number,

)

serial number,

4) manufacturing date stating month and year.

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

f)

4.12

I

b) 1

q

]

4.12
Aftet
a)
b)

q

q
4.12

4.12

Prop
figur

Undse

(el - 1 111 - | . A Fal
UIUUI CUUIE SHUUIU DT I ALLUTUATIICT WILIT ALITICTA L.

L

f requirement a) of this list cannot be met, a component shall notbe'accepted unless the
gmount and type of contamination are identified by the manufacturer and agreed with 1
NOTE
— from the environment to the components,

— from the components to the environment, and

— related to the failure of innocuousness of the component during and after functioning.

gny disturbance beyond specified limits agreed with the end-user,

erties afiinitiators shall be in accordance with Table 3, shall be quantified and con

1.3 Contamination

ontamination shall be prevented during all the phases of the product life.

XAMPLE By the use of approved materials and by design to containfproducts of the
xplosive components.

The contamination to be analysed is:

1.4 After functioning

functioning, no explosive component shall cause

ontamination beyond specified limits, agreed with the end-user,
2 Initiators, cartridges, detonators and packaged charges
2.1 General

es where shown.

rithe conditions given in column E of Table 3, the properties given in column A, expr

1:2020(E)

operation of

limits of the
he end user.

form to the

essed in the

unitsSpecified 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, through bulkhead, detonator
(hot bridgewire device, SCB, high voltage, laser, exploding foil, mechanical)

cartridge, packaged charge] properties

A B C D E F
Property Unit Maximum | Minimum Condition Other
value value
AC leakage current mA TBPM TBPM
Bonding resistance m{) 10 N/A To next-level
assembly
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Table 3 (continued)

A B C D E F
Property Unit Maximum | Minimum Condition Other
value value
3 |Thermal response V/t TBPM TBPM
4 |Leakrate scc He/s 10-6 N/A @ Ap = 0,1 MPa
before and
after firing
5 |[Structural integrity MPa TBPM Applies to MEOP
:N‘nrding tad26.2
6 |Temperatures/Humidity QVQ
a) Auto-ignition °C N/A TBPM A
b) Non-operating| °C/HR% TBPM TBPM N
) Operating| °C/HR% TBPM TBPM  |Duration TBPM G :
d) Storage| °C/HR% TBPM TBPM  |Duration TBPM_| |~
¢) Transport| °C/HR% | TBPM TBPM  |Duration TBRM
f) Verification Tests| °C/HR% | TBPM TBPM  |Number TBPM
7 |Generdted in a closed Q ™
bomb AO
a) Pressure MPa TBPM TBPM @XM Only the known gnd
g\s) relevant output
%) parameter are
N provided.
b) Heat ] TBPM @PM TBPM Only the known gnd
&\Q relevant output
O. parameter are
. 3 provided.
c) Light Im {@W TBPM |TBPM Only the known gnd
Q relevant output
.. parameter are
A@ provided.
d) Shock pressure G%}) TBPM TBPM |TBPM Only the known gnd
O A relevant output
parameter are
-\% provided.
8 |Probalility of ignitio @J 999 % |95 % confidence.
areferpnce chargehé‘
9 |Detondting dev@‘(
a) Shock trahsmission GPa TBPM TBPM |Standard
capability material
b) Fl} n;’%arar‘fnricﬁr‘c mm TBPM TBPM F]ynr H'\ir‘lznncc,
diameter,
material,
and jitter
c) Flyer velocity m/s TBPM TBPM  |Bestestimate
d) Ignition gap mm TBPM TBPM  |By initiator
type: TBPM
11 |End-to-end mm TBPM TBPM
transmission gap
12 |No. of mating/ TBPM TBPU With/without
de-mating cycles change of seals.
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A B C D E F
Property Unit Maximum | Minimum Condition Other
value value
13 |Lifetime Year TBPM N/A For transport,
storage and
operation.

4.12.2.2 1 W/1 A no-fire initiators

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

b) The firing probability when subjected to the no-fire current or no-fire power for-5.unin|shall be less
than 0,001 at a 95 % confidence level.

c) After exposure to the no-fire current or no-fire power, the EED shall bel¢apable of|functioning
jccording to its requirements.

d) The properties of the 1 W/1 A no-fire initiator given in Table 4 shalDbe quantified and conform to
the figures where shown.

e) Under the conditions in column E of Table 4 the properti€s‘in column A, expressed [in the units
gpecified in column B, shall be between the values in column C (maximum) angl column D
(minimum).

Table 4 — Requirements for low<voltage initiator properties
A B C D E F
Property Unit Maximum | Minimum Condition Other
value value

1 (|DCinsulation resistance M Q N/A 2 @ =250V (DC) |Applicable to manu-
or 500V (DC), |facturer ¢nly during
260 s manufacfuring

Breakdown voltage kv 11 N/A
ESD survival kv N/A 25 @ 500 pF and

5000 Q for pin
to pin test
@ 500 pF and
0 Q for pin to
case test

4 Dielectric strength HA 500 N/A @ 200V (AQ) Applicable to manu-
260 s facturer ¢nly during

manufacturing

5 AH-firetevel A TBPRM FBPM—>09.906-ofthe
units function
with a confi-
dence level of
95 % @ speci-
fied conditions

6 All-fire power W TBPM TBPM >99,9 9% of the
units function
with a confi-
dence level of
95 % @ speci-
fied conditions

7 Response time ms TBPM N/A for all-fire cur-
rent or power
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Table 4 (continued)

A

C

D

E

Property

Unit

Maximum
value

Minimum
value

Condition

Other

8 No-fire level

N/A

1

<0,1 % of the
units function
with a confi-
dence level of
95 % @ 5 min,
at specified

R
CUIIUILIUILS.

O
2

o-fire power

N/A

<0,1 % of the
units function
with a confi-
dence level of
95 % @ 5 min,
at specified
conditions.

10 | Bridgewire resistance

TBPM

TBPM

@10 mA, s60.s;
number of-appli-

cations TBPM

4.12.2.3 High-voltage initiators

a) Properties of high-voltage initiators shall be in accordance;with Table 5 and shall be quantifie

b) Under the conditions given in column E of Table 5, the,properties given in column A, express
the unit specified in column B, shall be between thé values of column C (maximum) and thg

column[D (minimum).

Table 5 — Requirements forhigh-voltage initiator properties

ed in
se of

A B C D E F
Propgrty Unit MaximualRy” Minimum Condition Other
value value

1 | All-fire yoltage \% TBPM TBPM >99,9 % of the units function
with a confidence level of 95 %

2 | No-fire yoltage \% TBPM TBPM <0,1 % of the units function with
a confidence level of 95 % @
5 min, test temperature TBPM

3 Operating Vv >500

voltage

4.12.2.4 Laserinitiators

a) Properties of laser initiators shall be in accordance with Table 6 and shall be quantified and

conform to the figure where shown.

b) Under the conditions given in column E of Table 6, 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).

36
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Table 6 — Requirements for laser initiator properties

A B C D E F
Property Unit Maximum Minimum Condition Other
value value
1 | All-fire power | W/mm?2 TBPM TBPM 299,9 % of the units function
density with a confidence level of 95 %
2 | No-fire power | W/mm? 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)
3 || Pulse width ms N/A TBPM Precise pulse

width used for
firing signal and
moniforing one
4 || Wavelength nm TBPM TBPM Depending on op-

tical Jource: solid
laser,|laser diode.

Precipe wave-
length used for
firing signal and
moniforing one

4.12]2.5 Mechanical initiators
a) IProperties of mechanical initiators shall be in accordance with Table 7 and shall be quantified.

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

Table 7 — Requirements for mechanical initiator properties

A B C D E F
Property Unit Maximum Minimum Condition Other
value value
1 | All-fire energy | TBPM TBPM 299,9 % of the units function with a
confidence level of 95 %
2 | No-fire energy J <0,1 x TBPM <0,1 % of the units function with a
minimum all- confidence level of 95 %
fire energy
3 || Testenergy ] N/A TBPM
412126 Eackngpd rhnrgnc

a) Properties of packaged charges shall be in accordance with Table 8 and shall be quantified, except
for structural integrity and those of Table 3.

b) Under the conditions given in column E of Table 8, 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 8 — Requirements for packaged charge properties

A B C D F
Property Unit Maximum | Minimum Other
value value
1 Structural integrity N/A N/A Handling and transport
loads
Detonation? Yes/No TBPM N/A Intended operational mode
3 Deflagration? Yes/No TBPM N/A Intended operational mode

4.12.3 Thrjough-Bulkhead initiators

a) The prdperties of through-bulkhead initiators given in Table 9 shall be quantified and-confor

the figufres where shown.

b) Under the conditions in column E of Table 9, the properties in column A, expressed in the

m to

Lnits

specified in column B, shall be between the values in column C (maximum) and column D
(minimyim).
Table 9 — Requirements for through-bulkhead initiatorS)properties
A B C D E F
Prioperty Unit Maximum Minimum Condition Notes
value value
1 Output
@ Pressure MPa TBPM TBPM In TBPM cm3 at 20 °C
(b Energy J TBPM TBPM TBPM
(© Leakrate| sccHe/s 10-6 N/A @ Ap =0,1 MPa
before firing
2 Barriefp scc He/s 10-5 N/A @ Ap =0,1 MPa
tightness before firing
leak rgte
3 Barriefp scc He/s 1073 N/A @ Ap=0,1 MPa
tightness after firing
leak rgte
4 Structpral MPa TBPM TBPM (barrier resistance
integrity after firing).
4.12.4 Integral initiator connectors
4.12.4.1 Ge¢neral
a) The configurationofthecommectorshattbeusedonty for-initiators:

NOTE

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

b) The interface shall allow for sealing.

4.12.4.2 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.
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d) The connection shall be able to undergo specified thermal and mechanical environments without

degradation.

e) Connection requirement shall precise if the connector shall be a scoop-proof connector.

4.12.4.3 Laser initiator connector

a)

b)
c)
d)
e)

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

The connector interface shall not be used for any purpose other than explosive devices.

.

4.12{5 Transfer devices

4.12|5.1 General

[he connector thread or closing mechanism shall be self-locking.

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

The connector shall be able to undergo 50 mating/de-mating cycles while meeting its re|

quirements.

Properties of transfer devices shall be in accordance with Tabl€ 10 and shall be quantified.
Unddr the conditions given in column E of Table 10, the praoperties given in column A, exprlessed in the
unitg specified in column B, shall be between the values of'column C (maximum) and those|of column D
(minfmum).
Table 10 — General requirements for transfer device properties
A B C D E ¥
Property Unit Magium | Minimum Condition Other
value value
1 Critical diameter mm N/A TBPM Information pbout explo-
sive to be provided.
2 Temperature/
Humidity:
a) Auto-ignition| °C/ N/A TBPM
HR%
b) NonsOperating| °C/ TBPM TBPM
HR%
) Operating| °C/ TBPM TBPM Duration TBPM
HR%
d) Storage| °C/ TBPM TBPM Duration TBPM
HPO,
e) Transport| °C/ TBPM TBPM Duration TBPM
HR%
3 | Probability of ignition 99,9 % 95 % confidence
of a reference charge
4 No. of mating/ TPBM TBPU With/without
de-mating cycles change of seals
5 Life time Year N/A TBPU For transport,
storage and
operation
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4.12.5.2 Transfer line assemblies

a) The properties of transfer line assemblies shall be in accordance with Table 11 and shall be
quantified.

b) 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 transfer line assembly properties

A B € b E F
Property Unit Maximum Minimum Condition Other
value value
1 Propagation m/s TBPM TBPM
velocity
2 Deflagrating
lines
a) Pressure MPa TBPM TBPM
b) Heat J TBPM TBPM
3 | Detongting lines
a) Shock GPa TBPM TBPM Standardiunaterial
trajnsmission
capability
b) Flyer mm TBPM TBPM Elyer thickness, diameter,
charfcteristics material, and jitter
) Flyer velocity m/s TBPM TBPM Best estimate
d) Ignition gap mm TBPM TBEM By initiator type: TBPM
4 Endt-to-end mm TBPM TBPM
transnjission gap
5 Electrical mQ TBPM N/A From end to end
continuity
6 Legk rate scc He/s 1056 N/A @ Ap = 0,1 MPa before firing
(together with
intgrfaces)
7 | Leak-fightness | scc He/s 103 N/A @ Ap = 0,1 MPa after firing
(together with (ends implemented in the
intgrfaces) specified interface) + no debris
8 O1ganic mg,/m? 2 N/A TBPU
contaminatien
of spirfaces
9 Ragius)of m N/A TBPM Bending
curvature
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)

4.12.6 Safe and arm devices containing explosive

a) 4.11.11 applies.
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Only secondary explosives with less or equal sensitivity to hexogen shall be used.

4.12.7 Gas generators

a) Properties of gas generators shall be in accordance with Table 12 and shall be quantified.

b) Under the conditions given in column E of Table 12, 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 12 — Common requirements for gas generator properties
A B C D E F
Property Unit Maximum | Minimum Condition Other
value value
1 |[Bonding resistance mQ 10 N/A To next level
assembly
2 |Leakrate scc He/s 10-6 N/A @ Ap = 0,1 MPa
before and after
firing at initiator
interface
3 [Structural integrity MPa TBRM = |Applies on MEOP
according to
4.2.6.2
4 |Temperature/Humidity
a) Auto-ignition °C N/A TBPM
b) Non-operating| °C/HR% TBPM TBPM
) Operating| °C/HR% TBPM TBPM Duration TBPM
d) Storage| °C/HR% TBPM TBPM Duration TBPM
e) Transport| °C/HR% TBPM TBPM Duration TBPM
5 |Generated
a) pressuret MPa TBPM TBPM Only the known
and|relevant
output parame-
ters|is provided.
b) heat ] TBPM TBPM Only the known
and|relevant
output parame-
ters|is provided.
) no. of mating/ TBPM TBPU With/without
de-mating cycles change of seals
d) shock| g/ms TBPM N/A Time history and
TBPYsampting
rate. Test configu-
ration TBPU.
6 |lifetime Year TBPM N/A For transport,
storage and
operation

4.12.8 Shaped charges

a)

Charge holders, or locating devices as appropriate, shall be used for all shaped charge functions to
ensure proper charge orientation and standoff.
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b) Charge holders and other attachment fittings to position shaped charges shall be designed to
survive the same environmental exposures as the devices themselves, and also survive to any
redundant shaped charge fired previously

c) Linear shaped charge assemblies shall be designed to accommodate any dimensional change in
structural interfaces due to thermal expansion/contraction or expansion due to flight conditions.

d) Properties of shaped charges shall be in accordance with Table 13 and shall be quantified.

e) Under the conditions given in column E of Table 13, 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 (minimnm)

Table 13 — Requirements for shaped charge properties

A B C D E F
Property Unit Maximum Minimum Condition Other
value value
1 |Cutting
capabilities
a) Structure mm TBPM N/A Associated with
thickness material prepérties
b) | Strudtureloads MPa TBPM TBPM
) Cutting delay ms TBPM TBPM
d) | Type pfimpulse Ns TBPM
e) | Generated shock| “g”/ms TBPM N/A Time history and TBPC
sampling rate. Test
configuration TBPC
Redunflancy TBPM
Debris|
contanmination/
inducglli
4 Tempgtature/
Humidjity
a) Auto-ignition °C
b) Survival| °C/HR% TBPM TBPM
nontoperating
c) Operating| °C/HR% TBPM TBPM
d) Storage|. YC/HR% TBPM TBPM
e) Transpert|” °C/HR% TBPM TBPM
5 |Lifetime Year TBPM N/A During transport, stor-
"[ age and mission
6 |Explosive
charge TBPM
Nature g/m
Linear mass
7 |Initiation mode TBPM Axial or radial

4.12.9 Expanding tube separation system

a) Properties of expanding tube separation system shall be in accordance with Table 14 and shall be

quantified and conform to the figures where shown.

NOTE

42

These devices include separation systems based on:
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— detonation (shock and deformation),
— inflation (pressure-generated),
— combination of these above.

b) Under the conditions given in column E of Table 14, 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 14 — Requirements for expanding tube separation system properties

A B C D E F
Property Unit Maximum | Minimum Condition Other
value value

1 Cutting capabilities
a) Structure thicknesses, position| TBPM TBPM TBPM  |Associatédwith ma-
of the cutting area terial properties (e.g.
ductility, elongation,
strain rate)

b) Structure loads| MPa TBPM TBPM
) Cut structure loads during| kN TBPC TBPG\ |Associated with ma-
cutting terial properties (e.g.
ductility, elongation,
strain rate, plasticity)
d) Type of impulse| Ns TBPM TBPU |Radial or axial
2 Explosives: quantity and type g TBPM TBPM |Associated with tube
materials properties
3 Redundancy TBPM
Expanding tube unsupported m TBPM N/A Number and size of
length windows for the ex-

panding tube separa-
tion system

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 TBPC
sampling rate. Test
configuration TBPC

6 Device leakdfate scc He/s 10-6 N/A @ Ap = 0,1 MPa before
firing

7 Deviceleak rate scc He/s 10-3 N/A @ Ap = 0,1 MPa after
firing

Particle generation I'BPU N/A lestmethod I'bFC

9 Temperatures

a) Auto-ignition °C N/A TBPM

b) Non-operating| °C TBPM TBPM

) Operational °C TBPM TBPM

d) Storage °C TBPM TBPM

e) Transport °C TBPM TBPM

10 Lifetime| Year TBPM N/A

4.12.10Distribution boxes

a) Properties of distribution boxes shall be in accordance with Table 15 and shall be quantified.
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b) 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 distribution box properties

A B C D E F
Property Unit M;;);ill: :m Mi‘?ai;:: (L:m 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;
deflagrating
3 Redundancy TBPM
Response time ms TBPM TBPM Between first input
and all outputs
a) Generated shock| g/ms TBPM N/A Time history and

TBPC sampling rate.
Test configuration

TBPC

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 Terpperature/Humidity

a) Auto-ignition °C TBPM TBPM

b) Non-operating| °C/HR% TBPM TBPM

) Operating| °C/HR% TBPM TBPM

d) Storage| CC/HR% TBPM TBPM

e) Transport()°C/HR% TBPM TBPM

6 Lifetime Year TBPM N/A During transport,

storage and mission

4.12.11Explosive delays

a) Propertlies pfilexplosive delays shall be in accordance with Table 16 and shall be quantified.

b) 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).

Table 16 — Requirements for explosive delay properties

A B C D E F
Property Unit Maximum | Minimum Condition Other
value value
1 |Delay type TBPM TBPM With or
without gas
generation.
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Table 16 (continued)
A B C D E F
Property Unit Maximum | Minimum Condition Other
value value
2 |Delay time ms TBPM TBPM Mean value,
standard deviation
at temperatures
3 |Temperature sensitivity %/°C TBPM TBPM Temperature range
to be provided
4 |Initiation TBPM TBPM Tobe prnvidnd-
mechanical (e.g.
percussion),
electrical, thermal
detonation
5 ||Output TBPM TBPM To be provided:
pressure-versus
timeycalorific
efergy, detonation
6 ||Leakrate scc He/s 10-6 TBPM @ Ap =0,1 MPa
before firing
7 ||Leakrate scc He/s TBPM N7A @ Ap=0,1 MPa
after firing
8 ||Temperature/Humidity
a) Auto-ignition °C TBPM TBPM
b) Non-operating| °C/HR% TBPM TBPM
c) Operating| °C/HR% TBPM TBPM
d) Storage| °C/HR% TBPM TBPM
e) Transport| °C/HR% TBPM TBPM
9 ||Lifetime Year. TBPM N/A During transport,
storage and mission
4.13 Explosively actuated devices
4.13{1 General
a) For any exploSively actuated devices which incorporate initiation and explosive ¢harges, the

fequirementsiof 4.12 shall apply.

b) INo released part shall cause damage.

c) The requirements of Table 17 shall apply.

d) 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).

Table 17 — General requirements for explosively actuated device properties
A B C D E F
Property Unit Maximum | Minimum Condition Other
value value
1 Leak rate scc He/s TBPU N/A @ Ap =0,1 MPa
before firing
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Table 17 (continued)
A B C D E F
Property Unit Maximum | Minimum Condition Other
value value
2 Leak rate for Number of 2,5.10-5 @102 Pa When firing tests are
spacecraftina moles of moles minimum performed in closed
vacuum pyrotechnic during firing thermal (temperature
chamber leaking gases T) vacuum chambers of
volume V, measure of the
pressure increase AP for a
suffictentdurationto get
an asymptotic pressure
curve (e.g. 80 s):
The Number of'moles|of
leaking gases is given by:
_vap
nIeaking gases — RT
R=8,314 Jxmol1 xK"}
3 Leak rate scc He/s TBPU N/A @ Ap=0,1 MPa
after firing
4 Temperature/
Hymidity
a) | Non-pperating °C/HR%
b) Operating °C/HR% TBPM TBPM Duration TBPM
) Storage °C/HR% TBPM TBPM Duration TBPM
d) Transport °C/HR% TBPM TBPM Duration TBPM
5 Fupctional ms TBPM TBPM
Helay
6 No. of TBPM TBPU To the
assemblies/ TBPM TBPU maximum load of
disagsemblies the device
attachments
7 Geherated g/ms TBPM N/A Time history and
hock TBPU
sampling rate.
Test
configuration
TBPU.
8 Lifetime Year TBPM N/A During,
transport,
storage and
mission

4.13.2 Separation nuts and separation bolts

a) The properties of separation nuts and bolts shall be in accordance with Table 18 shall be quantified
and conform to the figures where shown.

b) Resettable separation nuts shall include a means of verifying that the nut is properly reset before
and after its mating bolt or stud installation and preloading.

c¢) The pre-load shall be specified.

d) The pre-load shall be measurable at a value exceeding the maximum expected amplitude of the
dynamic tension in the bolt and effects of thermal variations.

NOTE The safety margin on the pre-load is positive under mechanical and thermal environment.
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e) Ifseparation nut, stud or bolt capture devices are used, they shall be designed and tested to ensure

that free components do not degrade any adjacent structure, system, or component.

f)  Under the conditions given in column E of Table 18, 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 18 — Requirements for separation nut and bolt properties

A B C D F
Do oine . i Maximum Minimum P T ther
Property Ynit value value Condition
1 || Screw pre-load Screw properties to be
tension 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
c) ||Bending moment Nm TBPM TBPM
d) Torsion Nm TBPM TBPM
3 Stiffness Worst-case temperatures
a) Axial| N/m TBPM TBPM
b) Transverse| N/m TBPM TBRM
¢) ||Bending moment| Nm/rad TBPM TBPM
d) Torsion| Nm/rad TBPM

4.13|3 Pullers

a) The properties of pullers given in Table 19 and shall be quantified and conform to| the figures
fhere shown.

b) The puller shall be capablé of withdrawing the pin under maximum shear and bending|loads.

c) The retractable pin‘shall not rebound after its stroke.

d) $ufficient strgke must be provided so that complete release is attained under| worst-case
dimensional.tolerances and environmental conditions.

e) Under theconditions given in column E of Table 19, the properties given in column A, ¢xpressed in
tthe units specified in column B, shall be between the values of column C (maximum) fand those of
¢olumn D (minimum).

Table 19 — Requirements for puller properties
A B C D E F
Property Unit Maximum | Minimum Condition Other

value value
1 Pin pre-loads N/A
a) Axial| N TBPM N/A
b) Shear| N TBPM N/A
c) Bending moment| Nm TBPM N/A
2 Traction force N TBPM TBPM Minimum at end of

stroke
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Table 19 (continued)
A B C D E F
Property Unit Maximum | Minimum Condition Other
value value
3 Pulling stroke mm TBPM TBPM

4.13.4 Pushers (Thrusters)

a) Properties of pushers given in Table 20 shall be quantified and conform to the figures where shown.
b) Pusherd shall be able to withstand the expected loads during operation.
NOTE These loads comprise e.g. compression, shear and bending moment.

c) Sufficient stroke shall be provided so that complete release is attained under worsticase
dimensjonal tolerances and environmental conditions.

d) Under the conditions given in column E of Table 20, the properties given in ¢olumn A, expressed in
the units specified in column B, shall be between the values of column C‘fhaximum) and thdse of
column[D (minimum).

Table 20 — Requirements for pusher properties
A B C D E F
Property Unit Maximum Minimum Condition Other
value value
Rod axial load kN TBPM N/A
Pugh force N TBPM TBPM Minimum at end of stroke
Pushing stroke mm TBPM TBPM

4.13.5 Cutters

a) Propertiies of cutters given in Table-21 and shall be quantified and conform to the figures where
shown.

b) Cutter target material used.in teésting shall be certified and controlled.

c) Cuttersfshall be designed;and testing shall consider, all operational factors including loads, obllique
cutting pngles, and environments.

d) Under the conditions given in column E of Table 21, the properties given in column A, expressged in
the unifs specified in column B, shall be between the values of column C (maximum) and thdse of
column (D (raifiimum).

Table 21 — Requirements for cutter properties
A B C D E F
Property Unit Maximum | Minimum Condition Other
value value
1 |Cutting capabilities At worst-case
temperatures
a) Dimensions| mm TBPM N/A Associated with
material
properties
b) Ultimate strength| MPa TBPM TBPM
) Tension load| kN N/A TBPM
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Table 21 (continued)
A B C D E F
Property Unit Maximum | Minimum Condition Other
value value
2 |Mass of generated particles mg TBPM N/A Total mass
associated with
load and load carri-
er properties.
3 |Dimensions of generated mm TBPM TBPM Range of size as-
particles sociated with load
and lodd carrier
properties.

4.13|6 Pyro-valves

a) The properties of pyro-valves given in Table 22 shall be quantified and)conform to| the figures
yhere shown.

b) After firing, the pyro-valve piston shall remain in its actuated position.

c) The pyro-valve piston shall remain in its actuated position when subjected to a back pressure of at
least twice the peak fluid operating pressure.

d) The type of pyro-valve, NO or NC, shall be marked on the'device.
e) The flow direction shall be marked on the device.

f)  Under the conditions given in column E of Table'22, the properties given in column A, ¢xpressed in
the units specified in column B, shall be between the values of column C (maximum) and those of
¢olumn D (minimum).

Table 22 — Requirements for pyro-valve properties

A B C D E F
Property Unit Maximum Minimum Condition Other
value value
1 ||Valve capabilities Associated with
fluid properties
a) MEOP| MPa TBPM TBPM In fluid circuit
b) Pressure drop| MPa TBPM TBPM In fluid circuit
) Pyrovalve| mm TBPM In fluid circuit,
passage diameter nominal
d) || Fluid circuit leak rate| scc 10-6 TBPM @ Ap =0,1 MPa Before and aFter
He/s before and after |functioning
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 mm TBPM TBPM In fluid circuit
generated particles
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4.14 Items external to the flight equipment

4.14.1 GSE

Verification of GSE (ground support equipment) used to support assembly, integration, test, handling,
transport and launch campaign activities shall be conform with the following requirements:

a) GSE validation:

1) The GSE shall be validated based on expected environmental conditions and operational

constraints.

2) Hazards to personnel, flight hardware, facilities and environments shall be processed.
b) Only approved equipment and procedures shall be used.
c) GSE sha|ll provide support and protection within specified limits, including ESD and EMI.
d) Test eq?[ipment shall be energy-limited (e.g. electrical, optical) in accordance-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) Status gnd status changes shall be recorded.
4.14.2 Test equipment
a) Only approved equipment and procedures shall be used.
b) Uncontyolled modifications to equipment or procedures shall be prohibited.

a)

b)

‘)
d)

e)
f)

4.14.3 Lal:rch site

The launch site shall provide specified-transport, handling and storage facilities for expl

compory

The sta
satellite

Provisi

Any indlicators used{te-show the status of the explosive devices and the barriers shall be clear

unambi

Periods

ents and systems.

fus of explosive safety partiers shall be monitored when the space vehicle (e.g. laun
, spacecraft) induces/acatastrophic risk.

ns shall be madeto make visible the status of explosive safety barriers.

Duous.

of sensitivity to external environment (e.g. EMI) shall be notified to the authorities.

Dsive

cher,

and

Provisid

nsS.shall be made for access to safe and arm devices for manual disarming.

4.15 Verification

4.15.1 General

Following exposure to the conditions specified in 4.15.3, explosive devices and systems shall meet
the performance requirements specified in the appropriate subclauses of 4.11, 4.12 and 4.13 when
measured according to 4.15.3.

4.15.2 Inspection

a)

50

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) It shall 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.
4.153—Fests
4.15|3.1 Test specification

The

and
facili

The
the ¢
activ

a)

b)
[(

)

d) 4
q

4.15

The
cons
exec

a)
b)

4.15

fest specification describes in detail the test requirements applicable to.any major

et-up, the required GSE, test equipment and instrumentation, test conditions, test se
y, pass/fail criteria, required documentation, participants and test schedule.

inclu£ed in the AIV plan. In particular, it defines the purpose of the test, test’ approach

Hdocument is used as an input to the test procedures, as a requirements document
nvironmental test facility and to provide evidence to the cGstomer on certain detail
ity in advance of the activity itself.

The test specification shall be detailed and agreed with'the customer in advance.

The test conditions for explosive components and<Systems shall be derived from the

onditions and constraints (e.g. ground, flight, in‘erbit).
Dualification and lot acceptance tests shall be’in accordance with 4.15.4.

\cceptance tests shall be done at identical limit conditions and levels, whatever the ap
bnsure valid reference to previousré€sults and to reduce the numbers of tested items.

3.2 Test procedures

fest procedure gives direetions for conducting a test activity in terms of descriptiof]
[raints and step-by-step procedure. The document is used and filled-in as appropriat
ition and becomesdhe“as-run procedure.

The test specification shall be detailed and agreed with the customer in advance.

[he test procedure shall be written to comply with the test specification.

3.3; Testreport

The

test activity
test article
quence, test

for booking
s of the test

operational

plication, to

|, resources,
e during the

estreportdescribes the execution of a particular test and the results gbtained.- It con

ains the as-

run procedure with 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 in verification close-out of the relevant requirements.

Test results shall:

— describe the execution and results of the test activity;

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

4.15.3.4 Essential confirmation

For every test, connection to the correct initiator shall be checked and recorded.
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4.15.3.5 Routing tests
a) Itshall be verified by test that the correct stimulus arrives at the correct initiator and no other.

b) Records shall be kept of the routing test.

4.15.3.6 End-to-end tests

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

shall be performed prior to final connection of the firing circuit to the device,

1) av rification that the caorrect ianition onerav lovaols ara nrocant ot aach nuratoachnic d vice
+ corec1gHeoR—eRergyeverS—at Feseht—at—eaec—pyrotecHiec—&

2) asimulator of the pyrotechnic device characteristics shall be used during these tests,

3) cirquit continuity and stray energy checks shall be made prior to connection of any fliring
cirduit to any pyrotechnic device, and

4) cirquit continuity checks shall be repeated whenever that connection is @pened and prior to re-
conpnection.

b) Only planned and approved activities shall be performed, according®o approved procedures.

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

4.15.3.7 Safety tests

Refer to Tabjle 23 for safety tests to be performed on unpacgked articles.

Table 23 — Safety tests

Recommended
Reference test Test method sequence

L S/(
Slow cook-off See"UNO Manual of Tests and Criteria, test 7 (h) R N/A
External fire See UNO Manual of Tests and Criteria, test 7 (g) R N/A

Handling drop test (e.g. 2 m height) TBPU R 0
12 m drop tgst See UNO Manual of Tests and Criteria, test 4 (b) R N/A
Mechanical ghock TBPU 0 N/A

Radiated field See 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)

Key
L: launcher
S/C: spacecraft
R: required

0: optional

N/A: not applicable

4.15.3.8 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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4.15.3.9 Reliability tests

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

b) The supplier shall justify the selected method used for the reliability demonstration.

NOTE The methods in Table 24 are given for information.

Table 24 — Reliability methods

f‘nmpnnpnf Method
Initiator Bruceton or One Shot or Neyer:

Cutter/release nut/pyro-valve/pusher/puller Severe method
TBI Severe methad

Shaped charge Probit or severetethod

Expanding tube Probit or severe method

Transmission lines Bruceton op'One Shot or Neyer or

severe method

4.15|4 Qualification and lot acceptance

4.15|4.1 General

a) Qualification and acceptance of explosive components and systems shall be in accordance with
uality assurance requirements TBPU.

b) TFor qualification, each device shall meet the\requirements corresponding to that devicq specified in
.11 or 4.12 after exposure to the compléte sequence of conditions specified in Table 2%.

c) [For lot acceptance, each device shalluneet the requirements corresponding to that device specified
4.11 or 4.12 after exposure to the selected conditions specified in Table 26.

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

e) Dynamicleak measurement shall be made under vacuum.

4.15|4.2 Qualification tests

4.15{4.2.1 General

Qualjficdtion tests shall be performed in accordance with Table 25.

NOTE Typical vatuesare giverr imATmex D-
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Table 25 — Qualification tests

Qualification test cs(?r?ncl)e(fr::rfltt ch?::(;l:s; t
No-fire stimulus R R
Physical properties (measurement) R R
Secondary characteristics measurement R R
Functional and performance (measurement) N/A N/A
No-damage drop 0 R
Salt fog N/A R
Rain N/A R
Humldity 0 R
Leakpge test 0 0
Genefated shock R 0
Presqure N/A N/A
Acceleration 0 R
Sinudoidal vibration R R
Random vibration R R
Acouptic N/A R
Shock R R
Corofa and arcing N/A N/A
Thermal vacuum 0 0
Thermal cycling R R
EMC/ESD (for initiator only) R R
Life 0
Microgravity N/A N/A
Audible noise N/A N/A
Radiation 0 N/A
Functfional and performance (measurement) R R
Destfuctive physical analysis R R
Key
R:  fgequired
0: ptional
N/A: ot applicable
NOTH1 Onlypossible at the end of the qualification sequence.
NOTH?2,-See4.15.4.1 e).

4.15.4.2.2 Re-qualification

A device or system shall be re-qualified if there is a change in any of the following:
a) design;

b) more extreme environmental levels to which it will be exposed;

c¢) manufacturer or manufacturer facility location;

d) parts, materials, and processes;

e) energetic material or energetic material manufacturer;

54 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=d14d38489ed89890830f83ff04dfb3ba

IS0 26871:2020(E)

f) designs that have been out of production for 5 years or more shall be subjected to
qualification testing.

4.15.4.2.3 Delta-qualification

A reduced scope qualification program may be used to accomplish the following:

a) supplement missing data in the qualification by similarity assessment above;

b) re-qualify a device or system for increased environmental or performance levels;

c)

materials, or processes that have been determined to negatively impact the qualificatid

margin and

nring parts,
n status.

The gcope of the delta qualification program shall be reviewed and approved by the procuring authority.

4.15{4.3 Acceptance tests

a) l.ot acceptance tests shall be performed on each production lot. They, consist on non
dnd destructive acceptance tests.

b) The test article configuration applicable to these tests follow the Test Like You Fly p
Which fully assembled devices are tested. Test definitions as,well as fixtures to be use
of devices or systems shall be designed to simulate the intended flight applications to
extent practical.

c) [Failure of the test unit during acceptance is considéred a failure of the lot.
d) Acceptance tests shall be in accordance with Table 26.

e) lotacceptance tests results shall confirm that the hardware replicates the qualified p

Table'26 — Acceptance tests

Ldestructive

hilosophy in
d for testing
the greatest

oduct.

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
Randém vibration 0 0
Acoustic N/A N/A
Generated shock N/A N/A
Thermal vacuum 0 N/A

Key

R: required

0: optional

N/A: not applicable

NOTE 1 Only possible at the end of the acceptance sequence.
NOTE 2 See4.15.4.1 e).

Recommended values on the number of specimen submitted to destructive acceptance tests:

— forlot up to 50 devices: 10 % of devices submitted to destructive tests;

— forlot upper than 50 devices: 5 % or a maxi of 20 devices submitted to destructive tests.
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Table 26 (continued)

Acceptance test component component
Thermal cycling 0 N/A
Burn-in N/A N/A
Microgravity N/A N/A
Audible noise N/A N/A
Functional and performance 0 0
Destructive physical analysis 0 0
Key
R: Jrequired
0O: |optional
N/A{not applicable
NOT[E 1 Only possible at the end of the acceptance sequence.

NOT[E 2 See4.15.4.1¢€).

Recqmmended values on the number of specimen submitted to destructive acceptance tests:
— ffor lot up to 50 devices: 10 % of devices submitted to destructive tests;

— forlot upper than 50 devices: 5 % or a maxi of 20 devices submittedto destructive tests.

4.16 Tran

4.16.1 Genleral

The conltainers shall protect the component from the transport and storage mission profile.

sport, facilities, handling and storage

d transport, handling and facilities for explosive subsystems and devices shall be prov

e system and devices shall be mamifactured, packaged, handled, stored and install
hanner that supports contaminatien-requirements for the launch vehicle or spacecraft

hsport

esupposed that explosives devices are transported in conformance with appli
ons, such as the latést version of UNECE regulations ST/SG/AC.10/1 and that conta
with the applicablebational and international transportation regulations.

1 to Class liand the required transport classification should be 1.4.S (see transpd
us good$: UNECE regulations: ST/SG/AC.10/1 Chapter 2.1 par 2.1.3.6).

ided.

bd in

rable
iners

hot possible to.exclude explosive devices considered of Class 1, the explosive device is

rt of

1o

such

il as daf 143 £ o P | AN 1: 1.1 loss
UlJlJUDC\.l UIIdU LIIT UCTTIINICIUIT UL LUTILAIIICT S 15 TIT ALCTUT UdIITT VVILIT alJlJll\.aUlC I Csulauuuo,

as the latest version of UNECE regulations (ST/SG/AC.10/1).

It is good practice to pack explosive components individually to prevent changes in humidit

electrostatic charge.

ers shall not be exposed to environments exceeding those specified.

Itis good practice to use thermal and shock sensors.

Identification label shall be marked before delivery in a permanent way on each deliverable.

a) Specifig
b) Explosi)
suchan
4.16.2 Tra
a) It is pi
regulati
comply
b) If it is
assigne
danger(
c)
d) Itispre
NOTE 1
e) Contain
NOTE 2
f)
g) Contain
1) equ
56

ers shall be marked with the following information:

ipment name and part number;

y and
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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;

7) the following label: “Open only in clean-room area by qualified operators”, if necessary.

pplication of the applicable directives (e.g. for European use, CE93/15/EEC,200§/43/EC and
012/4/EU) shall be analysed by the manufacturer and applied if relevant.

material safety data sheet (MSDS) or safety data sheet (SDS) of the eXplosive deyice shall be
rovided in English and also in the Language used for Operations and by the end user.

INOTE3  Atemplate of SDS is provided in Annex F.

It is presupposed that explosive devices are stored in dedicated storages according to [the national
fegulations applicable for safety and security.

The nature of, and precautions required for, @ll explosive devices and systems shall be
¢ommunicated to the facility designer.

All explosive devices shall be stored in placés with controlled temperature and humlidity and in
jecure storage areas, except when required for controlled spacecraft activities.

Records of all environmental conditions in locations where explosive components or systems are
gtored or handled shall be maintaihed and be available for review.

NOTE For example, environmental conditions such as thermal, humidity.

The location of every live offired explosive component or subsystem shall be known and identifiable
at any time.

It is presupposed-that all handling is done by qualified personnel according to the national regulations.

NOTH Handling includes testing, measuring, and installing.
a) ltds, presupposed that all handling is done in conformance with specified procedulres and the
i1 i i ; i i i f countries,
in which items will be transported, stored, used, and operated at spaceport.

b) Personnel and equipment shall be grounded to a common ground.

c) Only approved tools, aids and test equipment shall be used for explosive devices.

d) Consistent, coherent and complete records shall be maintained of components or systems which
have a direct effect upon the system, including test activities and measurements during any break-
in activities.

e) Restoration of the original accepted condition shall be required.

f) The correctness of all connections shall be confirmed and a record of all connections maintained.
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g) Site safety regulations, provisions and procedures shall be checked for adequacy for explosive
activities.

4.17 In-service

4.17.1 Information feedback

stages in the launch preparation.

shall be recorded

Checks shall be made to ensure consistency of information between different equipment at different

a)

b) Results

c) Informg
commay

d) RF link
destina

e) Diagran

f) Confirn

4.17.2 Launch site procedures

a) Only pld
b) Theses

c) Rehearg

4.17.3 MOJI

Confirmati

4.18 Prod

4.18.1 General

a) Theexp
b) All expl
4.18.2 Dep
a) The exp

tion shall be provided of hardware and software provisions for the monitoring
nd of explosive functions and shall show changes from one stage to the next.

5, wiring, connectors and pin functions shall be specified for checking of the sourcg
fion.

hs or photographs of consoles and installations shall be provided.

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

nned and approved activities which follow approved.procedures shall be undertaken.
hall include contingency actions.

als shall be performed.
itoring
n of operation shall be made available immediately.

1ct assurance

losive functionson.a vehicle shall be treated together as a single subsystem.

psive devices shall be treated as critical items.

endability

and

and

y and

losive system shall comply with all dependability requirements to meet the reliability

hedA raoiiivrammantc

confiden

b) Age-sensitive parts and materials shall be identified.

4.18.3 Assembly integration and tests

a)

the reliability and confidence requirements.

b)

that no conductor is live and that no power can flow or be interrupted across the interfaces.

<)

and par

58

ts are grounded to a common ground.

Properties of the subsystem and all activities shall comply with the safety requirements to meet

Immediately before every electrical or optical connection and disconnection, it shall be confirmed

Immediately before every connection and disconnection, it shall be confirmed that the operator
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4.19 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.

Table 27 — Documentation to be delivered

MRR
Response to PDR & Reference
RFP KO CDR Tf,‘D DRB | A/N standard

.....

Document

DRD for management

Manpgement and development
plan

Risk|assessment report

>

Riskjmanagement plan

Progress reports

Audift reports

Inspgction reports

PR >R <

Nonjconformance reports (minor)

Noniconformance reports (major) X

DRD for product assurance

Verification matrix Xd X X

Declared materials list
Declared mechanical partlist Xd X

Declared processes list

Qualification status list
FMELCA X
Reqyest for deviation

P> <

Request for waiver

DRD for engineering and yerification

Fundtional and technical
specffications

Mechanical, thermal,
electrical ICD's

Design justification file X X X X X
Verification matrix X X X X X

Verification control document
(design, reliability, qualification X X X X X

plan)
Key

RFP: to be included in the request for proposal documentation

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

© IS0 2020 - All rights reserved 59


https://standardsiso.com/api/?name=d14d38489ed89890830f83ff04dfb3ba

IS0 26871:2020(E)

Table 27 (continued)
MRR
Response to PDR & Reference
Document REFP KO CDR T‘;LR DRB A/N standard

Verification report (design,
reliability, qualification X X X
justification reports)

User manual X X X

Manufacturing and test documents

Test procedyre Xd

Production documentation tree Xd X

Acceptance fest plan Xd

Configuratign item data list

PR >R R K

As-built configuration list

Testreports
Logbook
End item data package (EIDP)

Certificate of conformance

DU > > <[ >

Key
RFP: to be included in the request for proposal documentation

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

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

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

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

A/N: as necespary or as required

Xd: draft docyment.
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Annex A
(normative)

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.

1 2 3
e ——
x KQ x KA .
a |
e/l\f x KQ x KA
DYL
DUL

Key
datellites test logic

dommon design logic

gxpendable launch vehicles, pressurized hardware and manned system test logic
increasing load level

mit loads (LL)

F Coef. A

design limit loads (DLL)

¥ Coef. B

¥ Coef. C

o Q0 o 0 W N
—_—

Figure A.1 — Logic for factors of safety applications
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