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[bookmark: _Toc191723607][bookmark: _Toc514403310]IntroductionThis standard identifies the requirements needed to specify, procure or develop the electronics needed for driving release actuators (bot explosive like pyrotechnic devices or non-explosive like thermal knives) and gives the relevant electrical interface specification, both from source and load perspective.
The present standard covers explosive or non-explosive actuators electronics required to comply with single fault tolerance with respect to actuation success.
For a reference architecture description, it is possible to refer to ECSS-E-HB-20-21.
ECSS-E-HB-20-21 includes a clarification of the principles of operation of the actuator electronics, identifies important issues related to actuators and explains the requirements of the present standard.
[bookmark: _Toc191723608][bookmark: _Toc514403311]
Scope
In general terms, the scope of the consolidation of the electrical interface requirements for electrical (hold down and release or deployment) actuators in the present ECSS-E-ST-20-21 and the relevant explanation in the handbook ECSS-E-HB-20-21 is to allow a more recurrent approach both for actuator electronics (power source) and electrical actuators (power load) offered by the relevant manufacturers, at the benefit of the system integrators and of the Agency, thus ensuring: 
better quality, 
stability of performances, and 
independence of the products from specific mission targets. 
A recurrent approach enables manufacturing companies to concentrate on products and a small step improvement approach that is the basis of a high quality industrial output. 
This standard applies to satellite electrical design. 
This standard does not apply to launchers and human space applications.
[bookmark: _Toc191723609][bookmark: _Toc514403312]
Normative references
The following normative documents contain provisions which, through reference in this text, constitute provisions of this ECSS Standard. For dated references, subsequent amendments to, or revision of any of these publications do not apply. However, parties to agreements based on this ECSS Standard are encouraged to investigate the possibility of applying the more recent editions of the normative documents indicated below. For undated references, the latest edition of the publication referred to applies.

	ECSS-S-ST-00-01
	ECSS system - Glossary of terms

	ECSS-Q-ST-30-02
	Space product assurance - Failure modes, effects (and criticality) analysis (FMEA/FMECA)

	ECSS-E-ST-33-11
	Space engineering - Explosive subsystems and devices


[bookmark: _Toc191723610][bookmark: _Toc514403313]
Terms, definitions and abbreviated terms
[bookmark: _Toc191723611][bookmark: _Toc514403314]Terms from other standards
For the purpose of this document, the terms and definitions from ECSS-S-ST-00-01 apply, in particular for the following terms:
redundancy 
active redundancy 
hot redundancy 
cold redundancy 
fault 
fault tolerance
For the purpose of this document, the terms and definitions ECSS‐Q‐ST-30-02 apply, in particular for the following terms:
failure propagation
For the purpose of this document, the terms and definitions from ECSS-E-ST-33-11 apply, in particular for the following terms:
no fire
all fire
[bookmark: _Toc191723612][bookmark: _Toc514403315]Terms specific to the present standard
actuator
<CONTEXT: electrical actuator> component of a machine that is responsible for triggering the movement of a mechanism or a system
actuator electronics
electronics supplying an actuator
actuators group
set of actuators sharing the same ARM and the same FIRE block
The term “actuators group” is synonymous to the term “group” in this standard
[bookmark: _Toc191723614]all-fire current
current giving a probability of actuation higher than a specified limit, at a confidence level higher of a specified limit
no-fire current
current giving a probability of actuation lower than a specified limit, at a confidence level higher than a specified limit
maximum fire current
maximum current allowed in an actuator in nominal conditions
minimum actuation current
all-fire current plus a margin defined by the system integrator
The current margin is calculated to guarantee in worst case the required reliability with a given confidence level when the actuation time is above the minimum actuation time.
minimum actuation time
actuation time in the all-fire current reference conditions, plus a margin established by the manufacturer or by the system integrator
The margin is calculated to guarantee in worst case the required reliability with a given confidence level when the actuation current is above the minimum actuation current.
inhibition strap
hardware feature that does not allow firing of the actuator
current-driven actuator
actuator that is commanded by a current pulse within a certain range of values and duration
voltage-driven actuator
actuator that is commanded by a voltage pulse within a certain range of values and duration
[bookmark: _Toc191723615][bookmark: _Toc514403316]Abbreviated terms
For the purpose of this Standard, the abbreviated terms and symbols from ECSS-S-ST-00-01 and the following apply:
[bookmark: _Toc352164207][bookmark: _Toc365647180][bookmark: _Toc370132951][bookmark: _Toc401154164]
	Abbreviation
	Meaning

	DC
	direct current

	EEE
	electrical, electronic and electromechanical

	FMEA
	failure modes and effects analysis

	FMECA
	failure modes, effects and criticality analysis

	RoD
	review of design 

	SSE
	space segment element

	SSS
	space segment subsystem



[bookmark: _Toc514403317]Nomenclature
The following nomenclature applies throughout this document:
1. The word “shall” is used in this Standard to express requirements. All the requirements are expressed with the word “shall”.
The word “should” is used in this Standard to express recommendations. All the recommendations are expressed with the word “should”.
It is expected that, during tailoring, recommendations in this document are either converted into requirements or tailored out.
The words “may” and “need not” are used in this Standard to express positive and negative permissions, respectively. All the positive permissions are expressed with the word “may”. All the negative permissions are expressed with the words “need not”.
The word “can” is used in this Standard to express capabilities or possibilities, and therefore, if not accompanied by one of the previous words, it implies descriptive text.
In ECSS “may” and “can” have completely different meanings: “may” is normative (permission), and “can” is descriptive.
The present and past tenses are used in this Standard to express statements of fact, and therefore they imply descriptive text.
[bookmark: _Toc514403318]
Principles
[bookmark: _Toc514403319]General
The indicated requirements verification (see Annex A) identifies the overall applicable methods to confirm compliance to the requirements, without explicitly explaining how the verification is split at applicability level (equipment, SSE, SSS or any combination thereof).
[bookmark: _Ref512951853][bookmark: _Ref512951862][bookmark: _Toc514403320]Standard assumptions
1. This standard applies to satellites and does not apply to launchers and human space flight applications.
According to requirement 4.4g of ECSS-E-ST-33-11 this standard covers explosive or non-explosive actuators electronics required to comply with single fault tolerance with respect to actuation success.
It is assumed that the two fault tolerance approach (as per ECSS-Q-ST-40 clause 6.4.2.1), with respect to premature and unwanted actuation having catastrophic consequences, when required according to requirement 4.4h of ECSS-E-ST-33-11, is implemented as a system (SSE and SSS) level provision and not at equipment level. See ECSS-E-HB-20-21 section 5.5.1.
Current-driven actuators covered by this standard have an inductance of 1 µH max.
[bookmark: _Ref512435629]Voltage-driven actuators covered by this standard have an inductance of 20 mH max.
The actuators electronics input voltage is assumed to be within a range of 21 V to 100 V.
[bookmark: _Toc514403321]
Requirements
[bookmark: _Toc445389559][bookmark: _Toc514403322]Functional general interface requirements
[bookmark: _Toc514403323]General
[bookmark: _Ref512435718]With regards to actuation sequence, the FIRE event shall be contained within the SELECT event of the specific actuator line i (i=1…n), and the SELECT event is contained within the ARM one.
[bookmark: _Ref512435748]With regards to actuation sequence, the selection of different SELECT lines may be executed within the same ARM event, but with different FIRE pulses occurrences.
[bookmark: _Ref512435753]An end to end test shall be performed to ensure that the actuator pulses are effectively present at actuator interface when a system level verification is done.
[bookmark: _Toc514403324]Reliability
[bookmark: _Ref512435760]No single failure shall result in unwanted actuator firing.
For example, in the configuration where one actuation electronic failure can lead to unwanted actuation, leading to catastrophic consequences, the selection switch status is processed by the system to avoid unwanted actuation.
[bookmark: _Ref512435767]In case over-current protections are not provided by the Power Conversion and Distribution Electronics, Actuator Electronics failures, including relevant harness and connector lines, shall not cause short circuit or overload of input power lines.
[bookmark: _Ref512435774]The system engineering function shall analyse the effect of anomalies in the selection configuration, and use the SELECT statuses information to stop the FIRE command to the main or redundant actuator electronics to avoid catastrophic or undesired consequences.
See ECSS-HB-20-21 section 5.5.2 and requirement 5.2.2h of the standard.
[bookmark: _Toc514403325]Functional source interface requirements
[bookmark: _Toc514403326]General
[bookmark: _Ref512435876]Actuator electronics shall implement at least three independent safety barriers ARM, SELECT and FIRE necessary to be released before a deployment device is actuated.
[bookmark: _Ref512435882]The design of the actuator electronics shall allow testing the functionality of each single barrier.
[bookmark: _Ref512435887]ARM, FIRE and SELECT switching functions shall be located in the hot power line of the actuation path.
[bookmark: _Ref512434778]The actuator electronic shall control the FIRE actuation duration as specified in requirements 5.2.2j, 5.2.3f, 5.3.1c and 5.6.3b.
[bookmark: _Ref512435903]Separate connectors dedicated to the actuators electronics outputs shall be implemented.
[bookmark: _Ref512440488]At power up, the three stages barriers shall be in open state.
[bookmark: _Ref512435931]Each initiator power line shall be distributed to the relevant user with dedicate return wire except for non-explosive actuators implemented on satellites with power return on structure.
[bookmark: _Toc514403327]Reliability
[bookmark: _Ref512435976]To comply with single fault tolerance, with respect to ability to perform the desired activation, the Actuator Electronics shall be duplicated in a Main and a Redundant section.
Including duplication (main and redundant) of all relevant commands and telemetries.
[bookmark: _Ref512436012]With respect to the needed level of segregation among main and redundant sides of electrical actuator circuits, no common failure mechanism between main and redundant part shall exist.
[bookmark: _Ref512436020]No single failure in the actuator electronics shall cause more than one of the safety barriers to be spuriously or permanently enabled.
[bookmark: _Ref512436026]The actuator electronics shall meet one of the two conditions:
Disconnect both the hot and the return lines to the actuators when ARM and SELECT lines are disabled, or
Comply with 5.2.2e.1 and 5.2.2e.2.
[bookmark: _Ref511744938]In case the return lines to the actuators cannot be disconnected as specified in 5.2.2d, then two following conditions shall be met:
[bookmark: _Ref513554459]The relevant actuator group does not share connectors with other groups or with other electronic functions.
[bookmark: _Ref511744956][bookmark: _Ref512436045]The harness of the relevant actuator group are not bundled together with any other wire or bundle carrying a positive or negative potential sufficient to trigger the relevant actuators.
[bookmark: _Ref512436050]The Actuator Electronics shall not be stressed in case of an output short circuit.
[bookmark: _Ref512436054]To ensure that no other selector is in short circuit failure and therefore that no unwanted actuation is taking place, the actuator electronics shall allow the possibility to check the SELECT statuses before issuing the FIRE command.
[bookmark: _Ref511745013]Any line that remains floating shall be connected to structure ground internally to the actuator electronics via bleeding resistors 100 kΩ to 1 MΩ.
[bookmark: _Ref512436063]Insulation among actuator output lines shall be tested.
[bookmark: _Ref512440202]No single failure in the actuator electronic shall lead to the loss at the same time of the current or voltage limitation and of the actuation duration control.
[bookmark: _Toc514403328]Commands
[bookmark: _Ref512440210]Main and redundant actuator electronics shall accept commands from both main and redundant command chain.
[bookmark: _Ref512440218]ARM, FIRE and SELECT switching shall be actuated by separate commands.
[bookmark: _Ref512440230]The enable and disable commands for ARM and for SELECT/FIRE shall follow completely independent physical paths, such that no single failure in the complete command chain can result in a fire action.
For example, ARM driven by high power command while SELECT and FIRE driven by serial command interface.
[bookmark: _Ref513643232][bookmark: _Ref512440241]The activation of the ARM switch shall be performed by:
[bookmark: _Ref513643238]Direct execution of a dedicated and independent discrete command.
[bookmark: _Ref513643244]Without any other interaction from an actuator electronic function.
[bookmark: _Ref512440251]The activation of the SELECT and FIRE switches shall be performed by execution of standard serial commands.
[bookmark: _Ref512440257]For long duration actuators more than 1 s, in addition to 5.2.1d, the FIRE OFF commands shall be implemented by a standard serial line.
[bookmark: _Ref512440261]The fire commands of the actuator electronics shall be inhibited by dedicated external inhibition straps, acting on the firing function.
strap closed = commands disable, 
strap open = commands enable.
[bookmark: _Toc514403329]Telemetry
[bookmark: _Ref512440268]Telemetries from the main and the redundant actuator electronics shall be provided to both the main and the redundant acquisition chain.
[bookmark: _Ref512440272]The actuator electronics shall provide the indication of the status of each selection switch.
[bookmark: _Ref512440279]Status telemetries shall indicate the effective condition of the relevant functionality) and not provide indirect information.
1	Effective condition includes for example state when the switch is effectively ON or OFF, if the line is effectively enabled or disabled, etc.
2	For example, in case there is only one selection switch per line, the circuitry providing status of the selection switch is fully independent from the monitored circuit.
[bookmark: _Ref512440297]For short duration actuators less than 1 s, the actuator electronics shall provide a peak firing status which is valid when the monitored firing current is larger than a threshold of 60 % to 80 % of the expected firing current during a period of time greater than 1 ms to 10 ms.
The exact current threshold and time duration are established by trimming in the actual application. 
[bookmark: _Ref512440305]For long duration actuators more than 1 s, a current and voltage telemetry shall be provided. 
[bookmark: _Ref512440311]The status of each inhibition strap shall be available as a standard telemetry of the actuator electronics.
[bookmark: _Ref512440317]Standard telemetry of the actuator electronics is for example serial standard telemetry.
[bookmark: _Ref512440327]For on-ground test purposes the status of each inhibition strap shall be available from the actuator electronics as a physical connection or disconnection.
One status telemetry shall be provided for the main inhibition strap, and another for the redundant one.
[bookmark: _Ref512440334]A short circuit between the output of the actuator electronics and the ground shall not affect the telemetry of the actuated line.
[bookmark: _Ref512435064]A status telemetry should be provided via serial telemetry line, to identify if nominal output current or voltage ranges have been exceeded.
[bookmark: _Ref512440354]If requirement 5.2.4j is applied, the following conditions shall be fulfilled:
The requested status is based on a latch to identify the abnormal conditions even at the end of the firing.
[bookmark: _Ref512440359]The status latch is resettable through serial command.
[bookmark: _Toc514403330]Functional load interface requirements
[bookmark: _Toc514403331]General
[bookmark: _Ref512440824]For current-driven actuators the following shall be specified:
The no-fire current and the relevant duration,
[bookmark: _Ref512440830]The maximum fire current,
[bookmark: _Ref512440835]The all-fire current. 
[bookmark: _Ref512440840]For voltage-driven actuators, the voltage range for all fire action shall be specified.
[bookmark: _Ref511831528]The minimum all fire actuation time shall be specified.
[bookmark: _Toc514403332]Reliability
[bookmark: _Ref512440854]The nominal and redundant electrical actuator paths shall be independent such that no failure mechanism can cause the loss of the actuation function.
[bookmark: _Ref512440858]Any abnormal voltage or current emission applied on the main respectfully redundant electrical interface of the actuator shall not propagate failure to the redundant respectfully main electrical interface.
See actual limit specified in requirements 5.5.2a and 5.5.2b. 
[bookmark: _Toc514403333]Performance general interface requirements
[bookmark: _Toc514403334]General
[bookmark: _Ref511831387]For current-driven actuators, one of the following two conditions shall be met:
If the actuator maximum resistance as per requirement 5.6.1a is specified, the actuators electronics is able to provide the specified current when the load resistance, including actuator plus harness, is equal to the maximum value not to exceed the voltage as per requirement 5.5.1b.
Otherwise, the system ensures that the minimum current and voltage as qualified is applied at actuator level.
[bookmark: _Ref512440927]For voltage-driven actuators, the maximum overall harness resistance of the actuator line shall guarantee that the voltage into the actuator is above the specified limit.
[bookmark: _Ref512440936]Parasitic capacitance to structure seen by the actuator electronics, load plus relevant harness, shall be limited to 1 µF.
[bookmark: _Ref512440943]Parasitic inductance seen by the actuator electronics (load plus relevant harness) shall be limited to
10 µH for current-driven actuators
20 mH for voltage-driven actuators.
[bookmark: _Ref512440953]The current timing profile for voltage-driven actuators shall be provided by the system integrator.
[bookmark: _Toc514403335]Performance source interface requirements
[bookmark: _Toc514403336]General
[bookmark: _Ref512440982]The nominal current delivered to an actuator shall be verified within the specified limits.
[bookmark: _Ref512440987]For current-driven actuators, the output maximum voltage, at which the minimum actuation current is guaranteed, shall be specified.
[bookmark: _Ref512440992]For current-driven actuators, the minimum margin of electronics actuator current on top of “all-fire current” shall be established to calculate the minimum actuation current.
[bookmark: _Ref512441001]Any monitor current in an actuator system fire line shall be limited to 5 mA or to one tenth of the no-fire current to the actuator whichever is less.
[bookmark: _Ref512441008]The total leakage current of an armed, selected, but not fired, deployment actuator power outlet shall not exceed 5 mA.
[bookmark: _Ref512441019]The leakage current to any unselected actuator output line (hot side) to the relevant return shall be lower than 1 mA while any other output line is fired.
[bookmark: _Toc514403337]Reliability
[bookmark: _Ref511828688]For voltage-driven actuators, the abnormal output voltage emission of the actuator electronics shall be limited by the voltage of the input power source of the actuator electronics.
[bookmark: _Ref511830112]For current-driven actuators, the maximum fault current emission from the actuator electronics to the actuator shall not exceed two times the maximum nominal specified value according to requirement 5.3.1a.2.
[bookmark: _Toc514403338]Telemetry
[bookmark: _Ref511830072]For long duration actuators more than 1 s, the current and voltage telemetries should be provided with 8 Hz sample rate or higher.
[bookmark: _Ref512441046]If requirement 5.2.4j is applicable, a status telemetry shall be provided via serial telemetry line, to identify if nominal current or voltage ranges have been exceeded by 10 % to 50 % of their maximum nominal value.
[bookmark: _Toc514403339]Recurrent products
[bookmark: _Ref512441055]The power capability of a generic design of actuator electronics should be 50 W DC.
[bookmark: _Ref512441069]For current-driven actuators, the actuator electronics should supply a current up to 6 A.
Specific current capability is trimmed in production.
[bookmark: _Ref512441074]For current-driven actuators, the actuator electronics should supply the requested current during duration up to 100 ms.
Specific current pulse duration is trimmed in production.
[bookmark: _Ref512441082]For voltage-driven actuators, the actuator electronics should supply a voltage up to 21 V ±1 V, providing the current is lower than the limit defined in requirement 5.5.4e.
Specific voltage capability is trimmed in production.
[bookmark: _Ref512435540]For voltage-driven actuators, the actuator electronics should limit the maximal current to one actuator to 2,5 A.
[bookmark: _Ref512441121]For voltage-driven actuators, the actuator electronics should be able to supply the requested current during an indefinite duration.
[bookmark: _Ref512441107]The actuator electronics should be able to support a repetition rate for FIRE pulses down to 100 ms.
[bookmark: _Toc514403340]Performance load interface requirements
[bookmark: _Toc514403341]General
[bookmark: _Ref512441138]The maximum actuator resistance shall be specified in the operative conditions range, including temperature.
[bookmark: _Ref512441145]The maximum actuator resistance need not be specified if the actuators qualification conditions, meaning the minimum voltage source to get all-fire current, is specified.
To specify, or otherwise, the maximum actuator resistance has an impact on requirements for current-driven actuators, see 5.4.1a.
[bookmark: _Ref512441151]No-fire current shall be greater than 50 mA.
[bookmark: _Toc514403342]Reliability
[bookmark: _Ref512441160]It shall be possible to apply to the main, respectively redundant, actuator voltages up to the ones applicable to the input of the actuator electronics without affecting the functionality and performance of the redundant, respectively main, actuator.
See assumption in 4.2e. 
[bookmark: _Toc514403343]Recurrent products
[bookmark: _Ref512441167]For current-driven actuators, the actuator all-fire current should be lower than 5 A.
[bookmark: _Ref512441176]For short duration actuators, the actuator minimum all fire actuation time should be lower than 50 ms.
[bookmark: _Ref512441183]For voltage-driven actuators, the minimum voltage for all fire action should be lower than 19 V with a current lower than 2,5 A respecting duration specified according requirement 5.3.1c.
[bookmark: _Ref512441189]The maximum inductance of voltage-driven actuators should be 20 mH.
[bookmark: _Ref512441196]The maximum inductance of current-driven actuators should be 1 µH.
[bookmark: _Ref512441203]The maximum capacitance of actuators should be 1 µF.
[bookmark: _Ref411596284][bookmark: _Ref411596293][bookmark: _Ref411596310][bookmark: _Toc445389604][bookmark: _Ref498590865][bookmark: _Ref498590873][bookmark: _Toc514403344] (informative)
Requirements mapping
Table A-1 to Table A-6 provide a compact view of the requirements of the present standard, including the verification method suggested for each of them. According to ECSS-E-ST-10-02, the verification is accomplished by one or more of the following verification methods:
Test (T),
Analysis (A),
Review-of-design (RoD), and
Inspection (I).
In addition to the methods of verification specified in ECSS-E-ST-10-02, the present annex includes the test verification at design qualification level (T*).
The test verification at design qualification level (T*) is intended to be performed on a representative version of the hardware, on a set up not necessarily equal to the final flight one, to be established by the relevant manufacturer or user.
NOTE If not stated otherwise, any reference to the handbook inside the tables, is a reference to ECSS-E-HB-20-21.
The suggested applicability level indicated in Table A-1 to Table A-6 (SSE/SSS/Equipment) is intended in and-option (SSE and/or SSS and/or Equipment).

NOTE:
To avoid additional work will the tables of this Annex be updated only after the Public Review has taken place.
All listed requirements along with their text will then be created through cross-references.
Therefore it can be that the text of the requirement in the Table does not match the text of the referenced requirement.


ECSS-E-ST-20-21C DIR1
18 May 2018
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[bookmark: _Ref512953887][bookmark: _Toc514403346]: Functional general requirements list
	Ref.
	Paragraph
	Text of the requirement
	Conditions
	Applicability
	Applicability level
	Verification

	A = analysis
RoD = review of design
	T = test
T* = test verification at design qualification level

	5.1.1a
	General
	With regards to actuation sequence, the FIRE event shall be contained within the SELECT event of the specific actuator line i (i=1…n), and the SELECT event is contained within the ARM one.
	Nominal
	All
	SSE/SSS/Equipment
	T

	5.1.1b
	General
	With regards to actuation sequence, the selection of different SELECT lines may be executed within the same ARM event, but with different FIRE pulses occurrences.
	Nominal
	All
	SSE/SSS/Equipment
	T

	5.1.1c
	General
	An end to end test shall be performed to ensure that the actuator pulses are effectively present at actuator interface when a system level verification is done.
	Nominal
	All
	SSE/SSS
	T

	5.1.2a
	Reliability
	No single failure shall result in unwanted actuator firing.

NOTE For example, in the configuration where one actuation electronic failure can lead to unwanted actuation, leading to catastrophic consequences, the selection switch status is processed by the system to avoid unwanted actuation.
	Failure
	All
	SSE/SSS/Equipment
	RoD, A

	5.1.2b
	Reliability
	In case over-current protections are not provided by the Power Conversion and Distribution Electronics, Actuator Electronics failures (including relevant harness and connector lines) shall not cause short circuit or overload of input power lines.
	Failure
	All
	SSS/Equipment
	A

	5.1.2c
	Reliability
	The system engineering function shall analyse the effect of anomalies in the selection configuration, and use the SELECT statuses information to stop the FIRE command to the main or redundant actuator electronics to avoid catastrophic or undesired consequences.
See ECSS-HB-20-21 section 5.5.2 and requirement 5.2.2h of the standard.

	Failure
	All
	SSE
	A
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	Paragraph
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	Applicability
	Applicability level
	Verification

	A = analysis
RoD = review of design
	T = test
T* = test verification at design qualification level

	5.2.1a
	General
	Actuator electronics shall implement at least three independent safety barriers ARM, SELECT and FIRE necessary to be released before a deployment device is actuated.
	Nominal
	All
	SSS/Equipment
	RoD

	5.2.1b
	General
	The design of the actuator electronics shall allow testing the functionality of each single barrier.
	nominal
	all
	SSE/SSS/Equipment
	RoD, T

	5.2.1c
	General
	ARM, FIRE and SELECT switching functions shall be located in the hot power line of the actuation path.

	Nominal
	All
	Equipment
	RoD

	5.2.1d
	General
	The actuator electronic shall control the FIRE actuation duration as specified in this standard.
	Nominal
	All
	SSS/Equipment
	RoD

	5.2.1e
	General
	Separate connectors dedicated to the actuators electronics outputs shall be implemented.
	Nominal
	All
	SSS/Equipment
	RoD

	5.2.1f
	General
	At power up, the three stages barriers shall be in open state. 
	Nominal
	All
	SSS/Equipment
	RoD, T

	5.2.1g
	General
	Each initiator power line shall be distributed to the relevant user with dedicate return wire except for non-explosive actuators implemented on satellites with power return on structure.

	Nominal
	All
	SSE/SSS/Equipment
	RoD

	5.2.2a
	Reliability
	To comply with single fault tolerance, with respect to ability to perform the desired activation, the actuator electronics shall be duplicated in a main and a redundant section.

NOTE Including duplication (main and redundant) of all relevant commands and telemetries.
	Failure
	All
	Equipment
	RoD

	5.2.2b
	Reliability
	With respect to the needed level of segregation among main and redundant sides of electrical actuator circuits: no common failure mechanism between main and redundant part shall exist.
	Failure
	All
	Equipment
	RoD, A

	5.2.2c
	Reliability
	No single failure in the actuator electronics shall cause more than one of the safety barriers to be spuriously or permanently enabled.
	Failure
	All
	SSS/Equipment
	RoD, A

	5.2.2d
	Reliability
	The actuator electronics shall meet one of the two conditions:
1. Disconnect both the hot and the return lines to the actuators when ARM and SELECT lines are disabled, or
2. Comply with 5.2.2e.1 and 5.2.2e.2.
	Nominal
	All
	Equipment
	RoD, T

	5.2.2e
	Reliability
	In case the return lines to the actuators cannot be disconnected as specified in 5.2.2d, then two following conditions shall be met:
1 The relevant actuator group does not share connectors with other groups or with other electronic functions.
2 The harness of the relevant actuator group are not bundled together with any other wire or bundle carrying a positive or negative potential sufficient to trigger the relevant actuators.

	Nominal
	All
	1 SSE/SSS/Equipment
2. SSE/SSS
	RoD

	5.2.2f
	Reliability
	The Actuator Electronics shall not be stressed in case of an output short circuit.
	Nominal / Failure
	All
	Equipment
	A, T

	5.2.2g
	Reliability
	To ensure that no other selector is in short circuit failure and therefore that no unwanted actuation is taking place, the actuator electronics shall allow the possibility to check the SELECT statuses before issuing the FIRE command.
	Nominal / Failure
	All
	SSS/Equipment
	T

	5.2.2h
	Reliability
	Any line that remains floating shall be connected to structure ground internally to the actuator electronics via bleeding resistors, 100 kΩ to 1 MΩ.
	Nominal
	All
	Equipment
	RoD, T

	5.2.2i
	Reliability
	Insulation among actuator output lines shall be tested.
	Nominal
	All
	SSE/Equipment
	T

	5.2.2j
	Reliability
	No single failure in the actuator electronic shall lead to the loss at the same time of the current or voltage limitation and of the actuation duration control.
	Nominal
	All
	Equipment
	A

	5.2.3a
	Commands
	Main and redundant actuator electronics shall accept commands from both main and redundant command chain.
	Nominal
	All
	SSE/SSS/Equipment
	RoD, T

	5.2.3b
	Commands
	ARM FIRE and SELECT switching shall be actuated by separate commands.

	Nominal
	All
	SSE
	RoD

	5.2.3c
	Commands
	The enable and disable commands for ARM and for SELECT/FIRE shall follow completely independent physical paths, such that no single failure in the complete command chain can result in a fire action.

NOTE For example, ARM driven by high power command while SELECT and FIRE driven by serial command interface.
	Nominal / Failure
	All
	SSE/SSS/Equipment
	RoD, A

	5.2.3d
	Commands
	The activation of the ARM switch shall be performed by:
1. Direct execution of a dedicated and independent discrete command.
2. Without any other interaction from an actuator electronic function.
	Nominal
	All
	SSS/Equipment
	RoD

	5.2.3e
	Commands
	The activation of the SELECT and FIRE switches shall be performed by execution of standard serial commands.
	Nominal
	All
	SSE/SSS
	RoD

	5.2.3f
	Commands
	For long duration actuators, >1s, in addition of req. 5.2.1d, the FIRE OFF commands shall be implemented by a standard serial line.
	nominal
	all
	SSS/Equipment
	RoD, T

	5.2.3g
	Commands
	The fire commands of the actuator electronics shall be inhibited by dedicated external inhibition straps: strap closed = commands disable, strap open = commands enable, acting on the firing function. 
	Nominal
	All
	SSE/SSS/Equipment
	RoD/T

	5.2.4a
	Telemetry
	Telemetries from the main and the redundant actuator electronics shall be provided to both the main and the redundant acquisition chain.
	Nominal
	All
	SSE/SSS/Equipment
	RoD, T

	5.2.4b
	Telemetry
	The Actuator Electronics shall provide the indication of the status of each selection switch.
	Nominal / Failure
	All
	SSS/Equipment
	RoD, A, T

	5.2.4c
	Telemetry
	Status telemetries shall indicate the effective condition of the relevant functionality and not provide indirect information.
NOTE 1Effective condition includes for example state when the switch is effectively ON or OFF, if the line is effectively enabled or disabled, etc.
NOTE 2 For example, in case there is only one selection switch per line, the circuitry providing status of the selection switch is fully independent from the monitored circuit.
	Nominal / Failure
	All
	SSS/Equipment
	RoD

	5.2.4d
	Telemetry
	For short duration actuators (less than 1s), the actuator electronics shall provide a peak firing status which is valid when the monitored firing current is larger than a threshold of 60% to 80% of the expected firing current during a period of time greater than 1 ms to 10 ms.

NOTE The exact current threshold and time duration are established by trimming in the actual application.
	Nominal / Failure
	Short duration actuators (<1s)
	SSS/Equipment
	RoD, A, T

	5.2.4e
	Telemetry
	For long duration actuators (more than 1s), a current and voltage telemetry shall be provided.
	Nominal / Failure
	Long duration actuators (>1s)
	SSS/Equipment
	RoD, A, T

	5.2.4f
	Telemetry
	The status of each inhibition strap shall be available as a standard telemetry of the actuator electronics 
NOTE Standard telemetry of the actuator electronics is for example serial standard telemetry
	Nominal
	All
	SSS/Equipment
	RoD/T

	NOTE
	Telemetry
	For on ground test purposes the status of each inhibition strap shall be available from the actuator electronics as a physical connection or disconnection.
	Nominal
	All
	SSS/Equipment
	RoD/T

	5.2.4g
	Telemetry
	One status telemetry shall be provided for the main inhibition strap, and another for the redundant one.
	Nominal
	All
	SSS/Equipment
	RoD

	5.2.4i
	Telemetry
	A short circuit between the output of the actuator electronics and the ground shall not affect the telemetry of the actuated line.
	Nominal
	All
	SSS/Equipment
	A,T

	5.2.4j
	Telemetry
	A status telemetry should be provided via serial telemetry line, to identify if nominal output current or voltage ranges have been exceeded.
	nominal / failure
	All
	SSS/Equipment
	RoD, T

	5.2.4k
	Telemetry
	If requirement 5.2.4j is applied, the following conditions shall be fulfilled:
1.The requested status is based on a latch to identify the abnormal conditions even at the end of the firing.
2.The status latch is resettable through serial command.

	nominal / failure
	All
	SSS/Equipment
	RoD, T
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	A = analysis
RoD = review of design
	T = test
T* = test verification at design qualification level

	5.3.1a
	General
	For current-driven actuators the following shall be specified:
1 The no-fire current and the relevant duration.
2 The maximum fire current 
3 The all-fire current. 
	Nominal
	Current-driven actuators
	Equipment
	RoD

	5.3.1b
	General
	For voltage-driven actuators, the voltage range for all fire action shall be specified.
	Nominal
	Voltage-driven actuators
	Equipment
	RoD

	5.3.1c
	General
	The minimum all fire actuation time shall be specified.
	Nominal
	All
	Equipment
	RoD

	5.3.2a
	Reliability
	The nominal and redundant electrical actuator paths shall be independent such that no failure mechanism can cause the loss of the actuation function.

	Nominal/Failure
	All
	Equipment
	RoD, A

	5.3.2b
	Reliability
	Any abnormal voltage or current emission applied on the main (redundant) electrical interface of the actuator shall not propagate failure to the redundant (main) electrical interface.
NOTE See actual limit specified in requirements 5.5.2a and 5.5.2b.
	Failure
	All
	Equipment
	T*
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	A = analysis
RoD = review of design
	T = test
T* = test verification at design qualification level

	5.4.1a
	General
	For current-driven actuators, one of the following two conditions shall be met:
1. If the actuator maximum resistance as per req. 5.6.1a is specified, the actuators electronics is able to provide the specified current when the load resistance, including actuator plus harness, is equal to the maximum value not to exceed the voltage as per req. 5.5.1b.
2. Otherwise, the system ensures that the minimum current and voltage as qualified is applied at actuator level. 
	Nominal
	Current-driven actuators
	SSE/SSS/Equipment
	A,T

	5.4.1b
	General
	For voltage-driven actuators, the maximum overall harness resistance of the actuator line shall guarantee that the voltage into the actuator is above the specified limit.
	Nominal
	Voltage-driven actuators
	SSS/SSE
	A,T

	5.4.1c
	General
	Parasitic capacitance to structure seen by the actuator electronics (load plus relevant harness) shall be limited to 1µF.
	 
	All
	SSS/SSE
	A

	5.4.1d
	General
	Parasitic inductance seen by the actuator electronics (load plus relevant harness) shall be limited to
1,10 µH for current-driven actuators
2,20 mH for voltage-driven actuators.
	 
	All
	SSS/SSE
	A

	5.4.1e
	General
	The current timing profile for voltage-driven actuators shall be provided by the system integrator.
	Nominal
	Voltage-driven actuators
	Equipment
	RoD
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	A = analysis
RoD = review of design
	T = test
T* = test verification at design qualification level

	5.5.1a
	General
	The nominal current delivered to an actuator shall be verified within the specified limits.
	Nominal
	All
	SSS/Equipment
	A,T

	5.5.1b
	General
	For current-driven actuators, the output maximum voltage, at which the minimum actuation current is guaranteed, shall be specified.
	Nominal
	Current-driven actuators
	SSS/Equipment
	A,T

	5.5.1c
	General
	For current-driven actuators, the minimum margin of electronics actuator current on top of “all-fire current” shall be established to calculate the minimum actuation current.
	Nominal
	Current-driven actuators
	SSS/Equipment
	A,T

	5.5.1d
	General
	Any monitor current in an actuator system fire line shall be limited to 5 mA or to one tenth of the no-fire current to the actuator whichever is less.
	Nominal
	All
	SSS/Equipment
	A, T

	5.5.1e
	General
	The total leakage current of an armed, selected, but not fired, deployment actuator power outlet shall not exceed 5 mA.
	Nominal
	all
	SSS/Equipment
	A,T

	5.5.1f
	General
	The leakage current to any unselected actuator output line (hot side) to the relevant return shall be lower than 1 mA while any other output line is fired.
	Nominal
	All
	SSS/Equipment
	T

	5.5.2a
	Reliability
	For voltage-driven actuators, the abnormal output voltage emission of the actuator electronics shall be limited by the voltage of the input power source of the actuator electronics.
	Failure
	Voltage-driven actuators
	SSS/Equipment
	A

	5.5.2b
	Reliability
	For current-driven actuators, the maximum fault current emission from the actuator electronics to the actuator shall not exceed two times the maximum nominal specified value according to req. 5.3.1b.
	Failure
	Current-driven actuators
	SSS/Equipment
	A, T*

	5.5.3a
	Telemetry
	For long duration actuators (> 1s), the current and voltage telemetries should be provided with 8Hz sample rate or higher.
	Nominal / Failure
	All
	SSE/SSS/Equipment
	RoD, A, T

	5.5.3b
	Telemetry
	If Req.5.2.4j is applicable, a status telemetry shall be provided via serial telemetry line, to identify if nominal current or voltage ranges have been exceeded by 10 to 50% of their maximum nominal value.
	 Nominal / failure
	All
	SSS/Equipment
	A,T

	5.5.4a
	Recurrent products
	The power capability of a generic design of actuator
electronics should be 50W DC.
	 
	All
	SSS/Equipment
	A, T

	5.5.4b
	Recurrent products
	For current-driven actuators, the actuator electronics should supply a current up to 6 Amp.
NOTE Specific current capability is trimmed in production.
	Nominal
	Current-driven actuators
	SSS/Equipment
	A,T

	5.5.4c
	Recurrent products
	For current-driven actuators, the actuator electronics should supply the requested current during duration up to 100ms.
NOTE Specific current capability is trimmed in production
	Nominal
	Current-driven actuators
	SSS/Equipment
	A,T

	5.5.4d
	Recurrent products
	For voltage-driven actuators, the actuator electronics should supply a voltage up to 21 V +/-1 V, providing the current is lower than the limit defined in Req. 5.5.4e. 
NOTE Specific current capability is trimmed in production.
	Nominal
	Voltage-driven actuators
	SSS/Equipment
	A,T

	5.5.4e
	Recurrent products
	For voltage-driven actuators, the actuator electronics should limit the maximal current to one actuator to 2,5 A.
	Nominal
	Voltage-driven actuators
	SSS/Equipment
	A,T

	5.5.4f
	Recurrent products
	For voltage-driven actuators, the actuator electronics should be able to supply the requested current during an indefinite duration.
	Nominal
	Voltage-driven actuators
	SSS/Equipment
	A,T

	5.5.4g
	Recurrent products
	The actuator electronics should be able to support a repetition rate for FIRE pulses down to 100ms.
	Nominal
	All
	SSS/Equipment
	A,T
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	A = analysis
RoD = review of design
	T = test
T* = test verification at design qualification level

	5.6.1a
	General
	The maximum actuator resistance shall be specified in the operative conditions range (including temperature).
	Nominal
	All
	Equipment
	A or T

	5.6.1b
	General
	The maximum actuator resistance need not be specified if the actuators qualification conditions, meaning the minimum voltage source to get all-fire current, is specified.
NOTE To specify, or otherwise, the maximum actuator resistance has an impact on requirements for current-driven actuators, see 5.4.1a.
	Nominal
	All
	Equipment
	A,T

	5.6.1c
	General
	No fire current shall be greater than 50mA.
	Nominal
	All
	Equipment
	A,T

	5.6.2a
	Reliability
	It shall be possible to apply to the main, respectively redundant, actuator voltages up to the ones applicable to the input of the actuator electronics without affecting the functionality and performance of the redundant, respectively main, actuator.
See assumption in clause 4.2 bullet e. 
	Failure
	All
	Equipment
	A or T

	5.6.3a
	Recurrent products
	For current-driven actuators, the actuator all fire current should be lower than 5A.
	Nominal
	Current-driven actuators
	Equipment
	RoD,T

	5.6.3b
	Recurrent products
	For short duration actuators, the actuator minimum all fire actuation time should be lower than 50ms.
	Nominal
	Short duration actuators
	Equipment
	RoD,T

	5.6.3c
	Recurrent products
	For voltage-driven actuators, the minimum voltage for all fire action should be lower than 19V with a current lower than 2.5A respecting duration specified according req.5.3.1e.
	Nominal
	Voltage-driven actuators
	Equipment
	RoD,T

	5.6.3d
	Recurrent products
	The maximum inductance of voltage-driven actuators should be 20mH.
	Nominal
	Voltage-driven actuators
	Equipment
	A,T

	5.6.3e
	Recurrent products
	The maximum inductance of current-driven actuators should be 1 µH.
	Nominal
	Current-driven actuators
	Equipment
	A,T

	5.6.3f
	Recurrent products
	The maximum capacitance of actuators should be 1 µF.
	Nominal
	All
	Equipment
	A,T
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