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[bookmark: _Toc191723607][bookmark: _Toc445389546]IntroductionThis standard identifies the requirements needed to specify, procure or develop a space power distribution based on Latching Current Limiters, both from source and load perspective.
For a reference architecture description, it is possible to refer to ECSS-E-HB-20-20.
ECSS-E-HB-20-20 includes a clarification of the principles of operation of a power distribution based on LCLs, identifies important issues related to LCLs and explains the requirements of the present standard.
Note that the present issue of the standard covers electrical design and interface requirements for power distribution based on Latching Current Limiters only. Future issues of the present standard will cover additional power interfaces.
[bookmark: _Toc405538326][bookmark: _Toc191723608][bookmark: _Toc445389547]
Scope
The target applications covered by this standard are all missions traditionally provided with power distribution and protection by LCLs/RLCLs (science, earth observation, navigation) with exclusion of applications for which the power distribution and protection is provided by fuses (e.g. most of the GEO telecom satellites).
The present standard applies to power distribution by LCLs/RLCLs for power systems, and in general for satellites, required to be Single Point Failure Free. 
The present standard document applies exclusively to the main bus power distribution by LCLs/RLCLs to external satellite loads.
A particular case of LCLs (Heater LCLs, or HLCLs) is also treated. The HLCLs are the protections elements of the power distribution to the thermal heaters in a spacecraft.
Internal power system protections of LCLs/RLCLs are not covered.
Paralleling of LCLs to increase power supply line reliability is not covered by the present standard, since this choice does not appreciably change the reliability of the overall function (i.e. LCL plus load).
In fact, a typical reliability figure of the LCL (limited to the loss of its switch-on capability) is 20 FIT or less.
If the load to be connected to the LCL line has a substantial higher failure rate than this, it is not necessary to duplicate the LCL to supply that load.

This standard may be tailored for the specific characteristic and constrains of a space project in conformance with ECSS-S-ST-00.
[bookmark: _Toc410115408][bookmark: _Toc411435812][bookmark: _Toc411596132][bookmark: _Toc411596998][bookmark: _Toc410115409][bookmark: _Toc411435813][bookmark: _Toc411596133][bookmark: _Toc411596999][bookmark: _Toc191723609][bookmark: _Toc445389548]
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-E-ST-20
	Space engineering - Electrical and electronic



[bookmark: _Toc191723610][bookmark: _Toc445389549]
Terms, definitions and abbreviated terms
[bookmark: _Toc191723611][bookmark: _Toc445389550]Terms from other standards
For the purpose of this Standard, 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
[bookmark: _Toc191723612][bookmark: _Toc445389551]Terms specific to the present standard
centralised
feature that serves a number of elementary functions in a system
current overshoot decay time
maximum time constant decay time from current overshoot peak to actual limitation current after an overcurrent event, under the assumption that the decay time is modelled by an exponential law
current overshoot recovery time
time needed for the to reduce from its maximum value to ±10% of the excess current, at the application of an overload to the LCL/RLCL/HLCL
1	See Figure 3‑1 and Figure 3‑2. 
2	Excess current is intended as overshoot peak minus actual limitation current value. 
fault condition
 internal failure of one of the following devices: LCL, RLCL or HLCL
This definition is aimed at clarifying that the fault condition is not the one relevant to the load.
fault current emission
maximum current emission of a given circuit at external interface under abnormal conditions
Abnormal in this context can cover fault condition or operator error.
fault current tolerance
minimum abnormal interface current that a circuit can sustain without being damaged
fault voltage emission
maximum voltage emission of a given circuit at external interface under abnormal conditions
Abnormal condition can cover fault condition or operator error.
fault voltage tolerance
minimum abnormal interface voltage that a circuit can sustain without being damaged
feature
part of a function to which a specific requirement refers
heater latching current limiter (HLCL)
LCL used as protection element in a power distribution to satellite thermal heaters
input filter charge time
time required for the LCL to charge the load input filter
See Figure 3‑3.
input overshoot charge
charge requested at the LCL/RLCL/HLCL input at the application of an overload, for current in excess of the actual limitation current
See Figure 3‑1 and Figure 3‑2.
latching current limiter (LCL)
switchable and latching protection placed between a power source and the relevant load, causing a trip-off after having achieved at its output an overcurrent limitation for a definite trip-off time
LCL class
maximum allowable current that can flow through the LCL itself, under given standard conditions
LCL classes are defined in Table 3‑1.
LCL switch dissipative failure
failure corresponding to an equivalent gate to drain short circuit on a MOSFET 
The voltage across is approximately 4V to 5V maximum.
nominal condition
 operative condition of the LCL/RLCL/HLCL, with no internal failure
repetitive overload
overcurrent event that repeats for a number of cycles or indefinitely
retriggerable latching current limiter (RLCL)
LCL that automatically attempts to switch ON when powered or after a retrigger interval when a trip-off event occurred
retriggerability
characteristic of an RLCL protection to be able to restart automatically after being triggered
retrigger interval
time duration in high impedance state of a RLCL after a permanent overcurrent event occurred and the relevant trip-off time elapsed
1	See Figure 3‑4.
2	High impedance state is equivalent to OFF condition.
RLCL class
maximum allowable current that can flow through the RLCL itself, under given standard conditions
RLCL classes are defined in Table 3‑2.
sub-feature
sub-part of a function to which a specific requirement refers
switch-on capability
See “Switch-on response time”.
switch-on response time
time needed to enable actual ON command reception, under specified conditions
UVP switch-off response time
time to achieve UVP action in dynamical conditions, when under voltage excitation is achieved under standard conditions
The UVP action is the OFF of the relevant function. 
time to current overshoot
maximum time from max limitation current to actual current overshoot peak after an overcurrent event
See Figure 3‑1 and Figure 3‑2.
trip-off
event occurring when a current protection latch flips and opens the protected distribution line after an overcurrent condition
To open a distribution line means to set the distribution line in high impedance status.
trip-off time
time in between LCL crossing actual current limitation value and the trip-off event, in permanent overcurrent condition. 
See Figure 3‑1 and Figure 3‑2.
undervoltage protection (UVP)
protection that is triggered when the voltage provided to a function falls below a predefined threshold
LCL and RLCL are examples of functions for which UVP is activated.


[bookmark: _Ref410114860][bookmark: _Ref353286206][bookmark: _Toc445389606][bookmark: _Ref410043911]Figure 3‑1: LCL overload timing diagram (case 1)


[bookmark: _Ref434395738][bookmark: _Toc445389607]Figure 3‑2: LCL overload timing diagram (case 2)
Figure 3‑1 and Figure 3‑2 show typical current diagrams expected when an LCL/RLCL/HLCL are subject to an overload. They can represent either the LCL/RLCL/HLCL input or output current.


[bookmark: _Ref248051598][bookmark: _Toc445389608]Figure 3‑3: Typical start-up current profile of a DC/DC converter attached to a LCL


[bookmark: _Ref410044001][bookmark: _Ref388528533][bookmark: _Ref410044538][bookmark: _Toc445389609]Figure 3‑4: RLCL overload timing diagram
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[bookmark: _MON_1476021254][bookmark: _Ref411592078][bookmark: _Ref402444620][bookmark: _Toc445389610]Table 3‑1: LCL classes
	
	
	LCL class
	
	LCL class

	[bookmark: _MON_1476027583]Characteristic
	
	1
	2
	3
	4
	5
	6
	8
	10
	
	1
	2
	3
	4A
	4B
	5
	6
	8
	10

	Regulated Bus voltage [V]
	
	28
	
	50

	Unregulated Bus voltage [V]
	
	22 to 38
	
	32 to 52

	Class current [A]
	
	1
	2
	3
	4
	5
	6
	8
	10
	
	1
	2
	3
	4
	4
	5
	6
	8
	10

	Min limitation current [A]
	
	1,1
	2,2
	3,3
	4,4
	5,5
	6,6
	8,8
	11
	
	1,1
	2,2
	3,3
	4,4
	4,4
	5,5
	6,6
	8,8
	11

	Max limitation current [A]
	
	1,4
	2,8
	4,2
	5,6
	7
	8,4
	11,2
	14
	
	1,4
	2,8
	4,2
	5,6
	5,6
	7
	8,4
	11,2
	14

	Trip-off min [ms]
	
	10
	10
	6
	6
	4
	2
	2
	1,5
	
	10
	6
	4
	2
	4
	2
	2
	2
	1,5

	Trip-off max [ms]
	
	20
	20
	12
	12
	8
	4
	4
	3
	
	20
	12
	8
	4
	8
	4
	4
	4
	3

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
Max load capacitance [µF]
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Regulated bus
	
	272
	545
	490
	653
	545
	327
	436
	408
	
	152
	183
	183
	122
	244
	152
	183
	244
	229

	Unregulated bus
	
	203
	405
	365
	486
	405
	243
	324
	304
	
	148
	178
	178
	118
	237
	148
	178
	237
	222



[bookmark: _Ref414355102][bookmark: _Ref402444648][bookmark: _Toc445389611]Table 3‑2: RLCL classes
	Characteristic
	
	LCL class
	
	LCL class

	
	
	0,5
	1
	2A
	2B
	
	0,5
	1A
	1B
	2

	Regulated Bus voltage [V]
	
	28
	
	50

	Unregulated Bus voltage [V]
	
	22 to 38
	
	32 to 52

	Class current [A]
	
	0,5
	1
	2
	2
	
	0,5
	1
	1
	2

	Min limitation current [A]
	
	0,55
	1,1
	2,2
	2,2
	
	0,55
	1,1
	1,1
	2,2

	Max limitation current [A]
	
	0,7
	1,4
	2,8
	2,8
	
	0,7
	1,4
	1,4
	2,8

	Trip-off min [ms]
	
	10
	10
	4
	10
	
	10
	4
	6
	4

	Trip-off max [ms]
	
	20
	20
	8
	20
	
	20
	8
	12
	8

	
	
	
	
	
	
	
	
	
	
	

	
Max load capacitance [µF]
	
	
	
	
	
	
	
	
	
	

	Regulated bus
	
	136
	272
	218
	545
	
	76
	61
	91
	122

	Unregulated bus
	
	101
	203
	162
	405
	
	74
	59
	89
	118





[bookmark: _Ref434305085][bookmark: _Toc445389612]Table 3‑3: HLCL classes
	
	
	LCL class
	
	LCL class

	Characteristic
	
	1
	2
	3
	4
	5
	6
	8
	10
	
	1
	2
	3
	4
	
	5
	6
	8
	10

	Regulated Bus voltage [V]
	
	28
	
	50

	Unregulated Bus voltage [V]
	
	22 to 38
	
	32 to 52

	Class current [A]
	
	1
	2
	3
	4
	5
	6
	8
	10
	
	1
	2
	3
	4
	
	5
	6
	8
	10

	Min limitation current [A]
	
	1,1
	2,2
	3,3
	4,4
	5,5
	6,6
	8,8
	11
	
	1,1
	2,2
	3,3
	4,4
	
	5,5
	6,6
	8,8
	11

	Max limitation current [A]
	
	1,4
	2,8
	4,2
	5,6
	7
	8,4
	11,2
	14
	
	1,4
	2,8
	4,2
	5,6
	
	7
	8,4
	11,2
	14

	Trip-off min [ms]
	
	0,5
	0,5
	0,5
	0,5
	0,5
	0,5
	0,5
	0,5
	
	0,5
	0,5
	0,5
	0,5
	
	0,5
	0,5
	0,5
	0,5

	Trip-off max [ms]
	
	2
	2
	2
	2
	2
	2
	2
	2
	
	2
	2
	2
	2
	
	2
	2
	2
	2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
Max parasitic capacitance [µF]
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Regulated bus
	
	1
	1
	1
	1
	1
	1
	1
	1
	
	1
	1
	1
	1
	
	1
	1
	1
	1

	Unregulated bus
	
	1
	1
	1
	1
	1
	1
	1
	1
	
	1
	1
	1
	1
	
	1
	1
	1
	1
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[bookmark: _Toc191723615][bookmark: _Toc445389552]Abbreviated terms
For the purpose of this Standard, the abbreviated terms from ECSS-S-ST-00-01 and the following apply:

	Abbreviation
	Meaning

	EMC
	electromagnetic compatibility

	ESD
	electrostatic discharge

	FDIR
	failure detection, isolation and recovery

	FIT
	failure in time

	FMECA
	failure modes, effects, and criticality analysis

	HLCL
	heater latching current limiter

	LCL
	latching current limiter

	MB
	main bus

	PCDU
	power conditioning and distribution unit

	RLCL
	retriggerable latching current limiter

	SC
	short circuit

	SEE
	single event effect

	SSE
	space segment element

	SSS
	space segment subsystem

	UVP
	undervoltage protection



[bookmark: _Toc352164207][bookmark: _Toc365647180][bookmark: _Toc370132951][bookmark: _Toc401158221][bookmark: _Toc445389553]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: _Toc445389554]
Principles
[bookmark: _Toc445389555]General
The indicated requirements verification (see clause 5) 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 SSE/SSS/equipment). The verification methods suggested for the verification of the requirements are listed in Annex A.
[bookmark: _Ref414970470][bookmark: _Toc445389556]Standard assumptions
1. The assumption for the maximum qualification temperature of the unit hosting the power distribution LCLs/RLCLs/HLCLs is 70 °C.
The bus voltage time derivative at bus application or removal varies from 0 V/µs to 0,1 V/ µs.
[bookmark: _Toc410115418][bookmark: _Toc411435822][bookmark: _Toc411596142][bookmark: _Toc411597008][bookmark: _Toc411435823][bookmark: _Toc411596143][bookmark: _Toc411597009][bookmark: _Toc411435824][bookmark: _Toc411596144][bookmark: _Toc411597010][bookmark: _MON_1476084015][bookmark: _Toc411435825][bookmark: _Toc411596145][bookmark: _Toc411597011][bookmark: _MON_1480404004][bookmark: _Toc411435826][bookmark: _Toc411596146][bookmark: _Toc411597012][bookmark: _Toc411435827][bookmark: _Toc411596147][bookmark: _Toc411597013][bookmark: _Toc411435828][bookmark: _Toc411596148][bookmark: _Toc411597014][bookmark: _Toc411435829][bookmark: _Toc411596149][bookmark: _Toc411597015][bookmark: _Toc411435830][bookmark: _Toc411596150][bookmark: _Toc411597016][bookmark: _Toc411435831][bookmark: _Toc411596151][bookmark: _Toc411597017][bookmark: _Toc411435832][bookmark: _Toc411596152][bookmark: _Toc411597018][bookmark: _Toc410115420][bookmark: _Toc411435833][bookmark: _Toc411596153][bookmark: _Toc411597019][bookmark: _Toc410115421][bookmark: _Toc411435834][bookmark: _Toc411596154][bookmark: _Toc411597020][bookmark: _Toc410115422][bookmark: _Toc411435835][bookmark: _Toc411596155][bookmark: _Toc411597021][bookmark: _Toc191723616][bookmark: _Ref403739483][bookmark: _Ref405537923][bookmark: _Toc445389557]
Requirements
[bookmark: _Toc445389558]Reference power bus specifications
0. The power distribution by LCLs/RLCLs shall work nominally for applicable nominal DC bus voltage range, nominal bus ripple voltage and voltage transients according to Table 5‑1. 
Nominally means “within the nominal functional and performance requirements”.
The power distribution by LCLs/RLCLs shall survive for applicable abnormal DC bus voltage range and abnormal bus voltage transients according to Table 5‑1.
A component is meant to survive if its rating is respected.
[bookmark: _Ref411597737]The power distribution by LCLs/RLCLs for unregulated 28V and 50V bus cases shall work nominally for applicable abnormal DC bus voltage range according to Table 5‑1.
1	The requirement 5.1c is explained by the same applicable minimum and maximum voltage limits both for nominal and abnormal (emission) DC bus voltage range for unregulated 28 V and 50 V bus cases.
2	Nominally means “within the nominal functional and performance requirements”.
LCLs/RLCLs shall not trip off up to maximum abnormal DC bus voltage limits as per to Table 5‑1, unless the application of such limits result in an overload.
The load short circuit in presence of abnormal DC bus voltage (fault tolerance) is not taken into account.
[bookmark: _Ref410132196][bookmark: _Toc445389613]Table 5‑1: Reference Power Bus Specifications
	Power Bus type :
	28V regulated bus [V]
	50V regulated bus [V]
	28V unregulated bus [V]
	50V unregulated bus [V]

	Nominal DC Bus Voltage Range at regulation point
	Min
	28 -1%
	50 -1%
	22
	32

	
	Max
	28 +1%
	50 +1%
	38
	52

	Nominal DC Bus Voltage Range at load side
	Min
	28 -5%
	50 -5%
	22
	38

	
	Max
	28 +1%
	50 +1%
	38
	52

	Abnormal DC Bus voltage range 
	Min
	0
	0
	0
	0

	
	Max
(fault tolerance)
	N/A
	N/A
	40
	55

	
	Max
(fault emission)
	
	
	38
	52

	Nominal Bus ripple voltage
	Max
	According to 
ECSS-E-ST-20
	Up to ± 500 mVpp in the range of 30 Hz to 50 MHz
	Up to ± 500 mVpp in the range of 30 Hz to 50 MHz

	Nominal Bus voltage transients
	Max
	According to 
ECSS-E-ST-20
	±1,4V for load steps of 50%, with dI/dt=1A/µs
	±2,5V for load steps of 50%, with dI/dt=1A/µs

	Abnormal Bus voltage transients
	Max
	0 to 34 max
	0 to 60 max
	Within Power Bus abnormal DC limits



[bookmark: _Toc445389559]Functional/Source interface requirements
[bookmark: _Toc445389560]LCL/HLCL class
LCL/HLCL class 
Nominal condition
[bookmark: _Ref411437045]The LCL class shall be selected among one shown in Table 3‑1 and comply with related class performance.
The performance of the LCL classes can be achieved by using several MOSFETs in parallel.
[bookmark: _Ref434408845]The HLCL class shall be selected among one shown in Table 3‑3 and comply with related class performance.
[bookmark: _Toc437514727][bookmark: _Toc445389561]RLCL class
RLCL class
Nominal condition
[bookmark: _Ref414970912]The RLCL class shall be selected among one shown in Table 3‑2 and comply with related class performance.
The performance of the LCL classes are typically achieved by using several MOSFET switches.
[bookmark: _Toc445389562]Current limitation section
Range
Nominal condition
[bookmark: _Ref414970937]The LCL/RLCL/HLCL shall limit the output current between the minimum and maximum limitation values.
Switch element, position
Nominal condition
[bookmark: _Ref414970977]For LCL/RLCL/HLCL, the switch element shall be on the hot main bus side.
Current sensing element, position
Nominal condition
[bookmark: _Ref414970990]For LCL/RLCL/HLCL, the current sensor element shall be on the hot main bus side.
Current limitation, LCL rating
Nominal condition
[bookmark: _Ref414971000]In current limitation mode, the LCL/HLCL components application shall respect the relevant rating limits. 
Current limitation, RLCL derating
Nominal condition
[bookmark: _Ref414971007]In current limitation mode, the RLCL components application shall respect the relevant derating limits.
[bookmark: _Toc445389563]Trip-off section
Range
Nominal condition
[bookmark: _Ref414971014]In case the load current exceeds the relevant limit, the LCL/RLCL/HLCL shall switch-off within its trip-off time min to max range defined in Table 3‑1, Table 3‑2 and Table 3‑3
[bookmark: _Toc445389564]UVP section
Provision
Nominal condition
[bookmark: _Ref414544295]The LCL/RLCL/HLCL shall be provided with an input UVP.
Unregulated bus case
Nominal condition
[bookmark: _Ref414971089]For RLCL, UVP shall be provided with hysteresis.
[bookmark: _Ref436755491]For LCL/HLCL, UVP should be provided with hysteresis.
Centralised protection
Nominal condition
[bookmark: _Ref414971096]In case of centralised protection for several LCLs/RLCLs/HLCLs, UVP shall be implemented as Single Point Failure Free.
[bookmark: _Toc445389565]Telecommand section features
Commandability
Nominal condition
[bookmark: _Ref414971204]The LCL/HLCL shall be ON/OFF commandable.
Retrigger function
Nominal condition
[bookmark: _Ref414971219]It shall be possible to enable or disable the retriggering function of the RLCL.
Retrigger ENABLE
Nominal condition
[bookmark: _Ref414971225]The retrigger function of an RLCL shall be enabled by default.
Retrigger DISABLE
Nominal condition
[bookmark: _Ref414971235]The disable command to a retrigger function of an RLCL feeding an essential load shall only be provided by ground.
1	Provision by ground command does not imply necessarily a discrete direct command or similar, but just that the command is not issued as a result of an automatic procedure (e.g. FDIR).
2	Examples of essential loads are the receiver and the decoder.
[bookmark: _Toc445389566]Conditions at start-up/ switch-off
Auto ON
Nominal condition
[bookmark: _Ref414971747]An RLCL shall always start in ON condition.
Auto OFF
Nominal condition
[bookmark: _Ref414971759]An LCL/HLCL should always start in OFF conditions.
LCL start-up with an internal failure
Fault condition
[bookmark: _Ref414971772]After a failure, no propagation outside the failed LCL/RLCL/HLCL shall occur. For this purpose in this case, LCL/RLCL/HLCL components blocking failure propagation shall meet their applicable derating.
When an internal failure of the LCL caused the trip-off of the LCL, the power bus needs to be protected if the operator or an automatic restart circuit or routine attempts to turn it on again, or at the next occurrence of bus power-up.
LCL status at start-up
Nominal condition
[bookmark: _Ref414971844]The actual LCL/RLCL/HLCL status shall not deviate from the programmed/intended one during MB start-up or recovery from zero volt.
LCL start-up on SC 1
[bookmark: _Ref410741044]Nominal condition
[bookmark: _Ref410741028]The LCL/RLCL/HLCL shall start up correctly, and within applicable rating/derating limits, when an overload or short circuit is already present at its output.
LCL start-up on SC 2
Nominal condition
[bookmark: _Ref414971860]Requirement 5.2.7.5.1a shall apply both in case of the LCL/HLCL being commanded ON by telecommand and when the bus voltage rises for the RLCL.
0.0.0.1 Switch-off
0.0.0.1.1 Nominal condition
a. [bookmark: _Ref434414510]The LCL/RLCL/HLCL shall contain a provision to free wheel the current circulating in the load or harness inductance, when the LCL/RLCL is either commanded OFF or when it opens the line after an overload.
[bookmark: _Toc445389567]Telemetry section
LCL status
Nominal condition
[bookmark: _Ref414971873]The LCL/HLCL/RLCL ON/OFF status shall confirm that the LCL/RLCL/HLCL output voltage is within its nominal range.
Current telemetry
Nominal condition
[bookmark: _Ref414971889]An LCL/RLCL/HLCL shall provide current telemetry.
Current telemetry, full scale reading
Nominal condition
[bookmark: _Ref414971896]Full scale of current TM shall be at least equal to the maximum LCL/RLCL/HLCL limitation current.
Current telemetry, linearity and accuracy
Nominal condition
[bookmark: _Ref414971905]For LCL/RLCL/HLCL, the current TM shall be linear and have an absolute accuracy referred to the class current and applicable on the full range of the TM.
Telemetry accuracy is detailed in 5.4.7.1.1a.
Current telemetry, offset
Nominal condition
[bookmark: _Ref414971924]For LCL/RLCL/HLCL, the current TM offset shall be referred to the class current.
Offset performance is defined in 5.4.8.1.1a.
Current telemetry, reading at zero current
[bookmark: _Ref410742821]Nominal condition
[bookmark: _Ref410742824]For LCL/RLCL/HLCL, the current TM should be able to read down to zero current within the specified accuracy.
Telemetry accuracy is detailed in requirement 5.4.7.1.1a.
Current telemetry, verification
Nominal condition
[bookmark: _Ref414972070]For LCL/RLCL/HLCL, if requirement 5.2.8.6.1a is met, then the accuracy shall be verified at 0%, 50% and 100% of the class current, else the accuracy shall be verified at 0%, 10%, 50% and 100% of the class current.
[bookmark: _Toc445389568]Status section
LCL status under failed conditions
Fault condition
[bookmark: _Ref434410374]The capability of reading the correct LCL/RLCL/HLCL status shall not be impacted by any failure in the command interface of the LCL/RLCL/HLCL itself.
[bookmark: _Toc445389569]Repetitive overload
LCL case
Nominal case
[bookmark: _Ref414972081]The LCL shall correctly operate the application of repetitive overload conditions within the applicable rating/derating limits.
For instance hiccup between LCL and UVP of the function supplied by the LCL. In absence of specific needs, the approach described in ECSS-E-HB-20-20 section 5.7.2.6 can conveniently be used (e.g. ensuring a ratio of 30 between the countdown and count up time constant of the LCL trip-off counter).
RLCL case
Nominal case
[bookmark: _Ref414972089]The RLCL shall correctly operate the application of repetitive overload conditions within the applicable derating limits.
For instance hiccup between RLCL and UVP of the function supplied by the RLCL. In absence of specific needs, the approach described in ECSS-E-HB-20-20 section 5.7.2.6 can conveniently be used (e.g. ensuring a ratio of 30 between the count down and count up time constant of the RLCL trip-off counter).
[bookmark: _Toc445389570]Reverse current tolerance
Reverse current tolerance
Nominal case
[bookmark: _Ref414548017]The LCL design should be capable to withstand the application of reverse current by the load, both in ON and in OFF conditions.
[bookmark: _Toc445389571]Parallel connection
LCLs in parallel
Nominal case
[bookmark: _Ref414972109]It should be possible to put LCLs/HLCLs in parallel.
LCLs in parallel and current sharing
Nominal case
[bookmark: _Ref414972119]When two or more LCLs/RLCLs/HLCLs are put in parallel, the current sharing accuracy shall be correctly assessed to avoid unwanted tripping-off of the LCLs themselves.
The overall limitation current of two or more LCLs in parallel is usually smaller than the sum of the individual LCLs limitation currents.
LCLs in parallel and trip-off
Nominal case
[bookmark: _Ref414972125]When two or more LCLs/RLCLs/HLCLs are put in parallel, the overall trip-off time shall be correctly assessed to avoid unwanted tripping-off of the LCLs/RLCLs/HLCLs themselves.
LCLs in parallel and ON/OFF command
Nominal case
[bookmark: _Ref414972135]When two or more LCLs/HLCLs are put in parallel, the ON/OFF command shall be made common to all of them.
LCLs in parallel and current telemetry
Nominal case
[bookmark: _Ref414972140]When two or more LCLs/RLCLs/HLCLs are put in parallel, the current telemetry shall provide the overall current flowing through them.
[bookmark: _Toc445389572]Switching options
No additional switching capability
Fault case
[bookmark: _Ref414972309]For LCL/HLCL, if no additional switching capability is provided as per 5.2.13.3.1a, the power budget shall cover the LCL/HLCL switch failure by considering the actual MB maximum load, plus eventually the unwanted load connected to the failed LCL/HLCL, in the following cases:
[bookmark: _Ref414972324]all the load operational modes imply a non-negligible power consumption;
[bookmark: _Ref414972332]the load operational modes cannot be directly commanded by an autonomous, on board load shedding routine to be triggered by abnormal bus load consumption.
1	In case the load power consumption is negligible, refer to requirement 5.2.13.2.1a.
2	The LCL switch is the only switch in the relevant distribution line.
No additional switching capability, negligible load power consumption mode
Nominal case
[bookmark: _Ref410999176]For LCL/HLCL, the load power consumption considered as negligible in terms of power budget shall be specified by the system integrator.
The "negligible" power consumption is intended as the one that can be drawn from the power bus without the system integrator or system responsible being forced to disconnect it.
Such power level is indeed added to the power budget.
Additional switching capability
[bookmark: _Ref410999128]Nominal and fault cases
[bookmark: _Ref410999134]For LCL/HLCL, in case that there is an additional switch that can be commanded open in any case when the LCL/HLCL switch is in ON state or fails ON or in short circuit, requirements 5.2.13.4.1a and 5.2.13.5.1a should be fulfilled.
[bookmark: _Ref434333760]It shall be possible to command the LCL/HLCL and the relevant additional switch in series by a different, individual command, or a different commanding path.
Additional switching capability, location of additional switch
Nominal and fault cases
[bookmark: _Ref410999209]For LCL, the additional switch should be put on power system LCL side.
Additional switching capability, UVP acting on additional switch
Nominal and fault cases
[bookmark: _Ref410999220]For LCL, the UVP should act both on the LCL switch and on the additional switch provided by an independent memory cell.
Each switch which is supposed to maintain its ON (or OFF) status is provided with a memory cell (a flip-flop or other). See Figures 5-29 and 5-30 of ECSS-E-HB-20-20.
[bookmark: _Ref414960254][bookmark: _Ref414960259][bookmark: _Ref414960266][bookmark: _Toc445389573]LCL Switch dissipative failure
[bookmark: _Ref414960319]Steady state condition
Fault case
[bookmark: _Ref410999774]In case the LCL/RLCL/HLCL switch fails in a dissipative failure and in case no other protection removes the failure, all the surrounding components shall be within derating.
Surrounding components are the ones not relevant to the failed LCL.
Transient condition
Fault case
[bookmark: _Ref410999950]In case the LCL/RLCL/HLCL switch fails in a dissipative failure and in case the "on board system" removes the failure by reducing the load or commanding OFF an additional switch, all the surrounding components shall be within rating during the on board system reaction time.
Local protection
Fault case
[bookmark: _Ref414972668]In case the LCL/RLCL/HLCL switch fails in a dissipative failure and in case requirements 5.2.14.1.1a and 5.2.14.2.1a cannot be fulfilled, a protection shall be embedded in the LCL or in the Distribution Unit to avoid a failure propagation due to the abnormal heat dissipation.
[bookmark: _Toc445389574]Loss of LCL lines
Loss of LCL lines
Fault case
[bookmark: _Ref414972683]In case of a single failure, no more than one LCL/RLCL/HLCL line shall be lost.
[bookmark: _Toc445389575]Noise immunity
General
Nominal case
[bookmark: _Ref414972693][bookmark: _Ref411001109]The LCL/RLCL/HLCL state shall not change from the commanded one due to spurious perturbations, including:
[bookmark: _Ref414972707]EM emissions, both conducted and radiated,
[bookmark: _Ref414972721]SEE,
[bookmark: _Ref414972726]ESD,
[bookmark: _Ref414972737]ON/OFF commands to other LCL/RLCL lines, and
[bookmark: _Ref414972742]Overcurrent events to other LCL/RLCL lines.
Verification
Nominal case
[bookmark: _Ref414972822]Requirement 5.2.16.1.1a shall be verified at unit level and/or at system level: points 1, 3, 4, 5 at unit level and points 1, 4 at system level.
[bookmark: _Ref434410951]Requirement 5.2.16.1.1a point 2 shall be verified by analysis.
[bookmark: _Toc445389576]Output impedance envelope, when in limitation 
Value
Nominal case
[bookmark: _Ref414972842]The LCL/RLCL/HLCL output impedance in terms of both gain and phase shall be provided per LCL/RLCL/HLCL class, between 100 Hz and 1 MHz.
Tests cases are described in ECSS-E-HB-20-20.
Verification
Nominal case
[bookmark: _Ref414972856]The LCL/RLCL/HLCL output impedance shall be provided for a voltage across the LCL/RLCL/HLCL equal to (4 ±1) V.
Tests cases are defined in ECSS-E-HB-20-20.
[bookmark: _Toc445389577]Noise immunity feature
RLCL spurious switch-off
Nominal case
[bookmark: _Ref414973176]The RLCL state shall automatically be recovered to ON conditions after a spurious switch-off.
The status recovery can be implemented by hardware or software means, at system, subsystem or unit level.
RLCL spurious effects
Nominal case
[bookmark: _Ref414973198]Spurious disable of RLCL retriggering memory cell and of RLCL ON/OFF status memory cell shall not result in the loss of the relevant load.
[bookmark: _Toc445389578]Output LCL load (Input load characteristic)
Load inductance
Nominal case
[bookmark: _Ref414552577]The LCL/RLCL/HLCL shall work nominally for any load inductance from zero to the maximum specified in 5.5.2.1.1a for LCL/RLCL or in 5.5.2.1.1b for HLCL.
Test verification is made with some inductance values (e.g. min/avg/max) and not for all values from 0 to max.
Load capacitance
Nominal case
[bookmark: _Ref414552875]The LCL/RLCL/HLCL shall work nominally for any load capacitance from zero to the maximum specified in Table 3‑1, Table 3‑2 and Table 3‑3 respectively.
Test verification is made with some capacitance values (e.g. min/avg/max) and not for all values from 0 to max.
[bookmark: _Toc411435857][bookmark: _Toc411596177][bookmark: _Toc411597043][bookmark: _Toc411435858][bookmark: _Toc411596178][bookmark: _Toc411597044][bookmark: _Toc411435859][bookmark: _Toc411596179][bookmark: _Toc411597045][bookmark: _Toc411435860][bookmark: _Toc411596180][bookmark: _Toc411597046][bookmark: _MON_1476023817][bookmark: _MON_1476184730][bookmark: _MON_1476015127][bookmark: _MON_1476188430][bookmark: _MON_1476015898][bookmark: _MON_1476185131][bookmark: _MON_1476018234][bookmark: _MON_1476185933][bookmark: _MON_1476020540][bookmark: _MON_1476186194][bookmark: _MON_1476188633][bookmark: _Toc445389579]Functional/Load interface requirements
[bookmark: _Toc445389580]Nominal feature
Load behaviour
Nominal case
[bookmark: _Ref411438072][bookmark: _Ref414973402]During nominal operation after switch-on, the load current for LCL/RLCL/HLCL shall always be smaller than the correspondent class current.
[bookmark: _Ref414973406]Requirement 5.3.1.1.1a shall be valid also in the following conditions:
[bookmark: _Ref414973413]the bus voltage transients are applied, and
the MB voltage ripple is considered, and
[bookmark: _Ref414973457]there are load-conducted emissions as per the EMC specification.
Further details can be found in ECSS-E-HB-20-20 section 5.7.3.4.1.
[bookmark: _Toc445389581]Switch-on
Load behaviour 1
Nominal case
[bookmark: _Ref414973516]During Switch-on, the load current shall not exceed the LCL/RLCL class current except for charging the relevant input filter.
Load behaviour 2
Nominal case
[bookmark: _Ref414973539]Converters contained in the load shall start up without the load current to exceed the LCL/RLCL class current.
Input filter charging
Nominal case
[bookmark: _Ref414973559]If the LCL/RLCL current limit is reached, the load input filter shall be completely charged within the relevant LCL/RLCL maximum charge time defined in requirement 5.4.2.3.1a.
[bookmark: _Toc445389582]LCL switch dissipative failure
Steady state condition, load
Fault case
[bookmark: _Ref414973568]In case the LCL/RLCL switch fails in a dissipative failure mode, the load shall perform one of the following actions:
[bookmark: _Ref414973575]work nominally,
[bookmark: _Ref414973581]enter autonomously a safe operating condition, or
[bookmark: _Ref414973585]survive the condition without abnormal conducted or radiated emissions.
The issue in an LCL/RLCL switch failing in dissipative mode is the additional power line voltage drop.
[bookmark: _Toc445389583]Load test condition
Load test condition
Nominal case
[bookmark: _Ref414973649]A representative LCL/RLCL interface should be used during the standalone tests of any load connected to it.
The specific LCL/RLCL load compatibility tests are defined on a case-by-case basis.
[bookmark: _Toc445389584]User UVP at bus input side
User UVP at bus input side
Nominal case
[bookmark: _Ref414973675]In case an UVP at load side is present, the repetitive overload pattern that can result from the interaction with the LCL/RLCL shall be studied as part of the FMECA.
[bookmark: _Toc405538341][bookmark: _Toc405538342][bookmark: _Toc405538343][bookmark: _MON_1476025061][bookmark: _Toc405538344][bookmark: _Toc191723620][bookmark: _Ref410743289][bookmark: _Toc445389585]Performance/Source interface requirements
[bookmark: _Toc445389586]Overall requirements
Current overshoot
Nominal case
[bookmark: _Ref434413071][bookmark: _Ref411438001]The input or output current overshoot when an overload is applied to the LCL/RLCL/HLCL shall be lower than 50 A, when evaluated in the conditions specified in req. 5.4.1.1.1b.
Refer to Figure 3‑1 and/or Figure 3‑2.
[bookmark: _Ref414973939]The worst case overload condition applied for the verification shall be a sudden short-circuit applied at the LCL Distribution Unit connector interface.
[bookmark: _Ref414973949]The time to current overshoot for LCL/RLCL/HLCL shall be 5 µs maximum, when evaluated in the conditions specified in req. 5.4.1.1.1b.
Refer to Figure 3‑1 and/or Figure 3‑2.
[bookmark: _Ref414973962]The current overshoot recovery time for LCL/RLCL/HLCL shall be 300 µs maximum, when evaluated in the conditions specified in req. 5.4.1.1.1b.
Refer to Figure 3‑1 and/or Figure 3‑2.
[bookmark: _Ref434400159]The maximum LCL/RLCL input overshoot charge due to any overload shall be limited to 1 mC maximum.
Refer to Figure 3‑1 and/or Figure 3‑2.
[bookmark: _Ref434400497]The maximum input overshoot charge due to an overload, as per 5.4.1.1.1e., shall be complied for any load inductance value from zero to the maximum specified in 5.5.2.1.1a for LCL/RLCL, or in 5.5.2.1.1b for HLCL.
Test verification is made with some inductance values (e.g. min/avg/max) and not for all values from 0 to max.
Reverse current tolerance
Nominal case
[bookmark: _Ref414973979]In case the reverse current functional requirement 5.2.11.1.1a is applied, the reverse current peak tolerance shall be equal to the LCL class current, with linear decay of 10 minutes maximum.
Linear decay time is indicative, the thermal situation for the LCL is close to the steady state during this transient.
Leakage current
Nominal case
[bookmark: _Ref414973988]Maximum leakage current for LCL/RLCL/HLCL shall be 100 µA.
[bookmark: _Ref434502214]The voltage appearing at the LCL/RLCL/HLCL output in OFF state shall be lower than 1V. 
Time interval between successive ON commands
Nominal case
[bookmark: _Ref414974004]The minimum time between two successive external LCL/HLCL ON commands shall be 1 s.
[bookmark: _Toc445389587]Start-up/Switch-off requirements
Start-up current rate
Nominal case
[bookmark: _Ref411433687]Maximum LCL/RLCL/HLCL start-up current rate dI/dt shall be 1A/µs.
Switch-off current rate
Nominal case
[bookmark: _Ref414974019]Maximum LCL/RLCL/HLCL switch-off current rate dI/dt shall be 1A/µs.
Load input filter charge time
Nominal case
[bookmark: _Ref411588654]The load input filter charge time shall be maximum 80 % of LCL/RLCL class minimum trip-off time when:
[bookmark: _Ref414974047]operating in worst-case conditions;
[bookmark: _Ref414974051]the minimum LCL/RLCL class limitation current is chosen.
Output, auto start OFF, amplitude
Nominal case
[bookmark: _Ref411434114]The amplitude of the pulse appearing at LCL/HLCL output during main bus start-up shall not exceed 5 V.
[bookmark: _Ref414974165]Requirement 5.4.2.4.1a shall be valid for any applicable main bus voltage derivative at start-up and when minimum load is applied.
See clause 4.2 to have an insight into the standard assumptions.
Output, auto start OFF, duration
Nominal case
[bookmark: _Ref411434455]The duration of the pulse appearing at LCL/HLCL output during main bus start-up shall not exceed 1 ms.
[bookmark: _Ref414974216]Requirement 5.4.2.5.1a shall be valid for any applicable main bus voltage derivative at start-up and when minimum load is applied.
See clause 4.2 to have an insight into the standard assumptions.
[bookmark: _Toc445389588]UVP
Switch-off threshold, regulated bus
Nominal case
[bookmark: _Ref414974225]The LCL/RLCL/HLCL switch-off threshold shall be configurable on ground from 80 % of the nominal bus voltage value.
Switch-off threshold, unregulated bus
Nominal case
[bookmark: _Ref414974236]The LCL/RLCL/HLCL switch-off threshold shall be configurable on ground from 50 % of the nominal DC maximum bus voltage value.
UVP noise immunity
Nominal case
[bookmark: _Ref414974256]For LCL/RLCL/HLCL, the UVP shall not react for an undervoltage event lasting less than 500 µs.
UVP noise immunity, verification
Nominal case
[bookmark: _Ref414974262]For LCL/RLCL/HLCL, the UVP noise immunity shall be verified by applying a voltage step from nominal bus voltage to 80 % of nominal DC switch-off threshold with a fall time equal or smaller than 1 % of the actual UVP reaction time.
The test point is selected taking into account that the reaction time does not include the delay between the UVP output and the OFF command issuing the LCL output voltage cut-off.
UVP hysteresis
Nominal case
[bookmark: _Ref414974268]If UVP hysteresis is implemented, the difference between the actual UVP switch-off threshold, and relevant enabled ON threshold, shall be higher than 0,5 V.
[bookmark: _Toc445389589]Switch-on capability
Enable ON threshold Voltage, regulated bus 
Nominal case
[bookmark: _Ref414974275]The LCL/RLCL/HLCL enable ON threshold shall be configurable up to 95 % of the nominal main bus voltage.
Enable ON threshold Voltage, unregulated bus 
Nominal case
[bookmark: _Ref414974286]The LCL/RLCL/HLCL enable ON threshold shall be configurable up to 90 % of the nominal DC maximum bus voltage value.
Switch-on response time, value
Nominal case
[bookmark: _Ref414974301]The RLCL shall not switch ON when relevant threshold is reached for less than 500 µs.
Switch-on response time, verification 
Nominal case
[bookmark: _Ref414974309]The RLCL Switch-on response time shall be verified by the application of a voltage step from 80 % of nominal DC switch-off threshold to nominal bus voltage with a rise time equal or smaller than 1 % of the actual Switch-on response time.
The test point is selected taking into account that the reaction time does not include the delay between the switch-on circuitry signal output and the actual RLCL output voltage increase.
[bookmark: _Toc445389590]Voltage drop
Voltage drop
Nominal case
[bookmark: _Ref414974317]The voltage drop of LCL/RLCL line shall not exceed 1 % of the nominal main bus voltage at the relevant class current.
[bookmark: _Ref434335246]The voltage drop of an HLCL/LCL with an additional switch shall not exceed 2 % of the nominal main bus voltage at the relevant class current.
[bookmark: _Ref434335255]The LCL/RLCL/HLCL voltage drop shall be measured from central regulation point to the output connector.
[bookmark: _Toc445389591]Stability
Frequency domain, phase margin
Nominal case
[bookmark: _Ref414974328]Minimum phase margin for LCL/RLCL/HLCL shall be 50°, under the following conditions:
[bookmark: _Ref414974333]a zero Ohm impedance load is applied, and
[bookmark: _Ref414974337]the DC voltage across the LCL/RLCL/HLCL equals (4 ±1) V.
The zero Ohm impedance is implemented by a voltage source with current sink capability.
Frequency domain, gain margin
Nominal case
[bookmark: _Ref414974366]Minimum gain margin for LCL/RLCL/HLCL shall be 10 dB under the following conditions:
[bookmark: _Ref414974385]a zero Ohm impedance load is applied, and
[bookmark: _Ref414974389]the DC voltage across the LCL/RLCL/HLCL equals (4 ±1) V.
The zero Ohm impedance is implemented by a voltage source with current sink capability.
Time domain, transient from non-limiting mode to current limitation mode
Nominal case
[bookmark: _Ref411431070]For any specified inductive load, no persistent voltage or current oscillation shall occur when the LCL/RLCL/HLCL is applied a sudden overload.
Requirements on inductive load are detailed in 5.2.19.1.1a , 5.5.2.1.1a and 5.5.2.1.1b.
[bookmark: _Ref414553078]The period of observed oscillation as per requirement 5.4.6.3.1a shall be greater or equal to the envelope decay time.
Test verification for 5.4.6.3.1a and 5.4.6.3.1b is done on the basis of the analysis, which is used to identify the worst case inductance to be applied.
Time domain, start-up transient to current limitation mode
Nominal case
[bookmark: _Ref411436468]For any specified inductive or capacitive load, no persistent voltage or current oscillation shall occur when the LCL/RLCL/HLCL is starting up in current limitation.
Requirements on inductive and capacitive loads are detailed in 5.2.19.1.1a, 5.5.2.1.1a, 5.5.2.1.1b, 5.2.19.2.1a and 5.5.2.2.1a.
[bookmark: _Ref414553247]The period of observed oscillation as per requirement 5.4.6.4.1a shall be greater or equal to the envelope decay time.
Test verification for 5.4.6.4.1a and 5.4.6.4.1b is done on the basis of the analysis, which is used to identify the worst case capacitance and inductance to be applied
[bookmark: _Toc445389592]Current Telemetry, accuracy
Current Telemetry, accuracy
Nominal case
[bookmark: _Ref411526955]For LCL/RLCL/HLCL, the accuracy of the current telemetry shall be equal or better than ±4 % of the full scale value in worst case. 
[bookmark: _Toc445389593]Current Telemetry, offset
Current Telemetry, offset
Nominal case
[bookmark: _Ref411527170]If functional requirement 5.2.8.6.1a is not met, for LCL/RLCL/HLCL the offset of the current telemetry shall be equal or better than ±4 % of the full scale value in worst case. 
[bookmark: _Toc445389594]Retrigger interval
Retrigger interval
Nominal case
[bookmark: _Ref414974954]For RLCL, the minimum retrigger interval shall be 20 s unless a specific RLCL memory cell for latched trip-off status is provided.
[bookmark: _Toc445389595]dI/dt limit on retrigger ON edge
dI/dt limit on retrigger ON edge
Nominal case
[bookmark: _Ref414974963]For RLCL, the maximum value of dI/dt rate on retrigger ON edge shall be 1 A/µs.
[bookmark: _Toc445389596]dI/dt limit on retrigger OFF edge
dI/dt limit on retrigger OFF edge
Nominal case
[bookmark: _Ref414974973]For RLCL, the maximum value of dI/dt rate on retrigger OFF edge shall be 1 A/µs.
[bookmark: _Toc445389597]Status, accuracy
Nominal condition
[bookmark: _Ref434325180]The LCL/RLCL/HLCL ON/OFF status shall confirm that the LCL/RLCL/HLCL output voltage is within its nominal range with an accuracy of ±10 %.
[bookmark: _Toc445389598]Performance/Load interface requirements
[bookmark: _Toc445389599]Load reverse current
Avoidance
Nominal case
[bookmark: _Ref414975019]For LCL/RLCL, a load should not reinject current into the bus.
Reinjection current
Nominal case
[bookmark: _Ref414975026]In case requirement 5.2.11.1.1a is complied, the maximum current reinjected to the LCL shall be equal to the LCL class current, with linear decay of 10 minutes maximum.
Linear decay time is indicative, the thermal situation for the LCL is close to the steady state during this transient.
[bookmark: _Toc445389600]Load characteristic
Maximum inductance
Nominal case
[bookmark: _Ref414552678]The maximum inductance, including the harness between LCL/RLCL and load, and including the input load filter, shall be 300 µH.
[bookmark: _Ref434332238]The maximum inductance, including the harness between HLCL and load, and including the input load filter, shall be 50 µH.
Maximum capacitance
Nominal case
[bookmark: _Ref414552905]The maximum capacitance for LCL and RLCL shall be compatible with the one shown in Table 3‑1 and Table 3‑2 respectively.
[bookmark: _Ref434392122]The maximum capacitance for HLCL shall be compatible with the one shown in Table 3‑3.
Load impedance envelope
Nominal case
[bookmark: _Ref414975069]For LCL/RLCL, the supplier shall provide to the customer the load impedance envelope, expressed in terms of magnitude and phase, for a frequency range from 100 Hz to 1 MHz.
[bookmark: _Toc445389601]Source-load characteristic
Source-load impedance phase margin
Nominal case
[bookmark: _Ref414975080]For LCL/RLCL, at those frequencies in which the load and the source impedance are equal in magnitude, the difference between the load impedance phase and the source impedance phase shall be greater than abs(±150°±n*360°).
n is a positive integer including 0,
abs is the absolute value operator.
Source-load impedance gain margin
Nominal case
[bookmark: _Ref414975093]For LCL/RLCL, at those frequencies in which the difference between the load impedance phase and the source impedance phase is equal to 
-180°±n*360°, the difference between the load impedance gain and the LCL impedance gain shall be greater than 5 dB. 
n is a positive integer including 0.
[bookmark: _Toc445389602]Start-up surge input current
Start-up surge input current
Fault case
[bookmark: _Ref414975180]In case of an LCL/RLCL failure causing a sudden application of nominal voltage to the load, the relevant peak current shall be lower than 20 A or 5 times the class current, whichever is greater.
[bookmark: _Ref414975184]The peak current shall be compatible with the electrical and thermal stress of:
[bookmark: _Ref414975224]the LCL/RLCL,
[bookmark: _Ref414975228]the load input filter components, and
[bookmark: _Ref414975233]the relevant main bus disturbance.
[bookmark: _Toc445389603]Internal load Input current limitation
Internal load Input current limitation
Nominal case
[bookmark: _Ref414975292]If an internal current limitation is used in the load, the relevant overall current limit shall be at maximum equal to the class current of the relevant LCL/RLCL.
[bookmark: _Ref411596284][bookmark: _Ref411596293][bookmark: _Ref411596310][bookmark: _Toc445389604] (informative)
Requirements mapping
Table A-1 to Table A-4 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:
1. 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 an electrical representative version of the hardware, on a set up not necessarily equal to the final flight one, to be established for the LCL distribution product line by the relevant manufacturer.
If not stated otherwise, any reference to the handbook inside the tables, is a reference to ECSS-E-HB-20-20.
Level 3 heading in this standard (for example, 5.2.14 “LCL Switch dissipative failure”) is reported as “feature” in Table A-1 to Table A-4.
Level 4 heading in this standard (for example, 5.2.14.1 “Steady state condition”) is reported as “sub-feature” in Table A-1 to Table A-4.
The suggested applicability level indicated in Table A-1 to Table A-4 (SSE/SSS/Equipment) is intended in and/or-option (SSE and/or SSS and/or Equipment).
		ECSS-E-ST-20-20C DIA1ECSS-E-ST-20-20C DIR1


61
[bookmark: _Ref414960132]: Functional/Source requirements list
	Reference
	Text of the requirement
	Feature
	Sub-feature
	Conditions
	Applicability
	Applicability level
	Verification

	5.2.1.1.1a
	The LCL class shall be selected among one shown in Table 3‑1 and comply with related class performance.
	LCL/HLCL class
	LCL/HLCL class
	Nominal
	LCL
	SSE/SSS
	RoD

	5.2.1.1.1b
	The HLCL class shall be selected among one shown in Table 3‑3 and comply with related class performance.
	LCL/HLCL class
	LCL/HLCL class
	Nominal
	HLCL
	SSE/SSS
	RoD

	5.2.2.1.1a
	The RLCL class shall be selected among one shown in Table 3‑2 and comply with related class performance.
	RLCL class
	RLCL class
	Nominal
	RLCL
	SSE/SSS
	RoD

	5.2.3.1.1a
	The LCL/RLCL/HLCL shall limit the output current between the minimum and maximum limitation values.
	Current limitation section
	Range
	Nominal
	LCL/RLCL/HLCL
	SSE/SSS/Equipment
	RoD, A, T

	5.2.3.2.1a
	For LCL/RLCL/HLCL, the switch element shall be on the hot main bus side.
	
	Switch element, position
	Nominal
	LCL/RLCL/HLCL
	Equipment
	RoD

	5.2.3.3.1a
	For LCL/RLCL/HLCL, the current sensor element shall be on the hot main bus side.
	
	Current sensing element, position
	Nominal
	LCL/RLCL/HLCL
	Equipment
	RoD

	5.2.3.4.1a
	In current limitation mode, the LCL/HLCL components application shall respect the relevant rating limits.
	
	Current limitation, LCL rating
	Nominal
	LCL/HLCL
	Equipment
	A

	5.2.3.5.1a
	In current limitation mode, the RLCL components application shall respect the relevant derating limits.
	
	Current limitation, RLCL derating
	Nominal
	RLCL
	Equipment
	A

	5.2.4.1.1a
	In case the load current exceeds the relevant limit, the LCL/RLCL/HLCL shall switch-off within its trip-off time min to max range defined in Table 3‑1, Table 3‑2 and Table 3‑3
	Trip –off section
	Range
	Nominal
	LCL/RLCL/HLCL
	SSE/SSS/Equipment
	RoD, A, T

	5.2.5.1.1a
	The LCL/RLCL/HLCL shall be provided with an input UVP.
	UVP section
	Provision
	Nominal
	LCL/RLCL/HLCL
	Equipment
	RoD

	5.2.5.2.1a
	For RLCL, UVP shall be provided with hysteresis.
	
	Unregulated bus case
	Nominal
	RLCL
	Equipment
	RoD

	5.2.5.2.1b
	For LCL/HLCL, UVP should be provided with hysteresis.
	
	Unregulated bus case
	Nominal
	LCL/HLCL
	Equipment
	RoD

	5.2.5.3.1a
	In case of centralised protection for several LCLs/RLCLs/HLCLs, UVP shall be implemented as Single Point Failure Free.
	
	Centralised protection
	Nominal
	LCL/RLCL/HLCL
	Equipment
	RoD, A

	5.2.6.1.1a
	The LCL/HLCL shall be ON/OFF commandable.
	Telecommand section features
	Commandability
	Nominal
	LCL/HLCL
	SSE/SSS/Equipment
	RoD

	5.2.6.2.1a
	It shall be possible to enable or disable the retriggering function of the RLCL.
	
	Retrigger function
	Nominal
	RLCL
	SSE/SSS/Equipment
	RoD, T

	5.2.6.3.1a
	The retrigger function of an RLCL shall be enabled by default.
	
	Retrigger ENABLE
	Nominal
	RLCL
	SSE/SSS/Equipment
	RoD, T

	5.2.6.4.1a
	The disable command to a retrigger function of an RLCL feeding an essential load shall only be provided by ground.
	
	Retrigger DISABLE
	Nominal
	RLCL
	SSE/SSS
	RoD, T

	5.2.7.1.1a
	An RLCL shall always start in ON condition.
	Conditions at start-up / switch-off
	Auto ON
	Nominal
	RLCL
	SSE/SSS/Equipment
	RoD, T

	5.2.7.2.1a
	An LCL/HLCL should always start in OFF conditions.
	
	Auto OFF
	Nominal
	LCL/HLCL
	SSE/SSS/Equipment
	RoD, T

	5.2.7.3.1a
	After a failure, no propagation outside the failed LCL/RLCL/HLCL shall occur. For this purpose in this case, LCL/RLCL/HLCL components blocking failure propagation shall meet their applicable derating.
	
	LCL start-up with an internal failure
	Fault
	LCL/RLCL/HLCL
	Equipment
	A

	5.2.7.4.1a
	The actual LCL/RLCL/HLCL status shall not deviate from the programmed/intended one during MB start-up or recovery from zero volt.
	
	LCL status at start-up
	Nominal
	LCL/RLCL/HLCL
	SSE/SSS/Equipment
	A,T

	5.2.7.5.1a
	The LCL/RLCL/HLCL shall start up correctly, and within applicable rating/derating limits, when an overload or short circuit is already present at its output.
	
	Start-up on short circuit 1
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T

	5.2.7.6.1a
	Requirement 5.2.7.5.1a shall apply both in case of the LCL/HLCL being commanded ON by telecommand and when the bus voltage rises for the RLCL.
	
	Start-up on short circuit 2
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T

	5.2.7.7.1a
	The LCL/RLCL/HLCL shall contain a provision to free wheel the current circulating in the load or harness inductance, when the LCL/RLCL is either commanded OFF or when it opens the line after an overload
	
	Switch-off
	Nominal
	LCL/RLCL/HLCL
	Equipment
	RoD

	5.2.8.1.1a
	The LCL/HLCL/RLCL ON/OFF status shall confirm that the LCL/RLCL/HLCL output voltage is within its nominal range.
	Telemetry Section
	LCL status
	Nominal 
	LCL/RLCL/HLCL
	Equipment
	T

	5.2.8.2.1a
	An LCL/RLCL/HLCL shall provide current telemetry.
	
	Current telemetry
	Nominal
	LCL/RLCL/HLCL
	SSE/SSS/Equipment
	RoD

	5.2.8.3.1a
	Full scale of current TM shall be at least equal to the maximum LCL/RLCL/HLCL limitation current.
	
	Current telemetry, full scale reading
	Nominal
	LCL/RLCL/HLCL
	Equipment
	RoD

	5.2.8.4.1a
	For LCL/RLCL/HLCL, the current TM shall be linear and have an absolute accuracy referred to the class current and applicable on the full range of the TM.
	
	Current telemetry, linearity and accuracy
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T

	5.2.8.5.1a
	For LCL/RLCL/HLCL, the current TM offset shall be referred to the class current.
	
	Current telemetry, offset
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T

	5.2.8.6.1a
	For LCL/RLCL/HLCL, the current TM should be able to read down to zero current within the specified accuracy.
	
	Current telemetry, reading at zero current
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T

	5.2.8.7.1a
	For LCL/RLCL/HLCL, if requirement 5.2.8.6.1a is met, then the accuracy shall be verified at 0%, 50% and 100% of the class current, else the accuracy shall be verified at 0%, 10%, 50% and 100% of the class current.
	
	Current telemetry, verification
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A, T

	5.2.9.1.1a
	The capability of reading the correct LCL/RLCL/HLCL status shall not be impacted by any failure in the command interface of the LCL/RLCL/HLCL itself.
	Status section
	LCL status under failed conditions
	Fault
	LCL/RLCL/HLCL
	Equipment
	A

	5.2.10.1.1a
	The LCL shall correctly operate the application of repetitive overload conditions within the applicable rating/derating limits.
	Repetitive overload
	LCL case
	Nominal
	LCL
	Equipment
	A,T*

	5.2.10.2.1a
	The RLCL shall correctly operate the application of repetitive overload conditions within the applicable derating limits.
	
	RLCL case
	Nominal
	RLCL
	Equipment
	A,T*

	5.2.11.1.1a
	The LCL design should be capable to withstand the application of reverse current by the load, both in ON and in OFF conditions.
	Reverse Current Tolerance
	Reverse Current Tolerance
	Nominal
	LCL
	Equipment
	RoD

	5.2.12.1.1a
	It should be possible to put LCLs/HLCLs in parallel.
	Parallel connection
	LCLs in parallel
	Nominal
	LCL/HLCL
	Equipment
	RoD

	5.2.12.2.1a
	When two or more LCLs/RLCLs/HLCLs are put in parallel, the current sharing accuracy shall be correctly assessed to avoid unwanted tripping-off of the LCLs themselves.
	
	LCLs in parallel and current sharing
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T

	5.2.12.3.1a
	When two or more LCLs/RLCLs/HLCLs are put in parallel, the overall trip-off time shall be correctly assessed to avoid unwanted tripping-off of the LCLs/RLCLs/HLCLs themselves.
	
	LCLs in parallel and trip-off
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T

	5.2.12.4.1a
	When two or more LCLs/HLCLs are put in parallel, the ON/OFF command shall be made common to all of them.
	
	LCLs in parallel and ON/OFF command
	Nominal
	LCL/HLCL
	Equipment
	A,T

	5.2.12.5.1a
	When two or more LCLs/RLCLs/HLCLs are put in parallel, the current telemetry shall provide the overall current flowing through them.
	
	LCLs in parallel and current telemetry
	Nominal
	LCL / RLCL/HLCL
	Equipment
	A,T

	5.2.13.1.1a
	For LCL/HLCL, if no additional switching capability is provided as per 5.2.13.3.1a, the power budget shall cover the LCL/HLCL switch failure by considering the actual MB maximum load, plus eventually the unwanted load connected to the failed LCL/HLCL, in the following cases:
1. all the load operational modes imply a non-negligible power consumption
2. the load operational modes cannot be directly commanded by an autonomous, on board load shedding routine to be triggered by abnormal bus load consumption.
	Switching options
	No additional switching capability
	Fault
	LCL/HLCL
	SSE/SSS
	RoD

	5.2.13.2.1a
	For LCL/HLCL, the load power consumption considered as negligible in terms of power budget shall be specified by the system integrator.
	
	No additional switching capability, negligible load power consumption mode
	Nominal
	LCL/HLCL
	SSE/SSS
	RoD, A

	5.2.13.3.1a
	For LCL/HLCL, in case that there is an additional switch that can be commanded open in any case when the LCL/HLCL switch is in ON state or fails ON or in short circuit, requirements 5.2.13.4.1a and 5.2.13.5.1a should be fulfilled.
	
	Additional switching capability
	Nominal/ Fault
	LCL/HLCL
	SSE/SSS/Equipment
	RoD

	5.2.13.3.1b
	It shall be possible to command the LCL/HLCL and the relevant additional switch in series by a different, individual command, or a different commanding path.
	
	Additional switching capability
	Nominal/ Fault
	LCL/HLCL
	SSE/SSS/Equipment
	RoD

	5.2.13.4.1a
	For LCL, the additional switch should be put on power system LCL side.
	
	Additional switching capability, location of additional switch
	Nominal/ Fault
	LCL
	Equipment
	RoD

	5.2.13.5.1a
	For LCL, the UVP should act both on the LCL switch and on the additional switch provided by an independent memory cell.
	
	Additional switching capability, UVP acting on additional switch
	Nominal/ Fault
	LCL
	Equipment
	RoD

	5.2.14.1.1a
	In case the LCL/RLCL/HLCL switch fails in a dissipative failure and in case no other protection removes the failure, all the surrounding components shall be within derating.
	LCL Switch Dissipative failure
	Steady state condition
	Fault
	LCL/RLCL/HLCL
	Equipment
	A

	5.2.14.2.1a
	In case the LCL/RLCL/HLCL switch fails in a dissipative failure and in case the "on board system" removes the failure by reducing the load or commanding OFF an additional switch, all the surrounding components shall be within rating during the on board system reaction time.
	
	Transient condition
	Fault
	LCL/RLCL/HLCL
	Equipment
	A

	5.2.14.3.1a
	In case the LCL/RLCL/HLCL switch fails in a dissipative failure and in case requirements 5.2.14.1.1a and 5.2.14.2.1a cannot be fulfilled, a protection shall be embedded in the LCL or in the Distribution Unit to avoid a failure propagation due to the abnormal heat dissipation.
	
	Local protection
	Fault
	LCL/RLCL/HLCL
	Equipment
	A,T*

	5.2.15.1.1a
	In case of a single failure, no more than one LCL/RLCL/HLCL line shall be lost.
	Loss of LCL lines
	Loss of LCL lines
	Fault
	LCL/RLCL/HLCL
	Equipment
	RoD, A

	5.2.16.1.1a
	The LCL/RLCL/HLCL state shall not change from the commanded one due to spurious perturbations, including:
1. EM emissions, both conducted and radiated,
2. SEE,
3. ESD,
4. ON/OFF commands to other LCL/RLCL lines, and
5. Overcurrent events to other LCL/RLCL lines.
	Noise immunity
	General
	Nominal
	LCL/RLCL/HLCL
	SSE/SSS/Equipment
	see 5.2.16.2.1a and 5.2.16.2.1b

	5.2.16.2.1a
	Requirement 5.2.16.1.1a shall be verified at unit level and/or at system level: points 1, 3, 4, 5 at unit level and points 1, 4 at system level.
	
	Verification
	Nominal
	LCL/RLCL/HLCL
	SSE/SSS/Equipment
	T

	5.2.16.2.1b
	Requirement 5.2.16.1.1a point 2 shall be verified by analysis.
	
	Verification
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A

	5.2.17.1.1a
	The LCL/RLCL/HLCL output impedance in terms of both gain and phase shall be provided per LCL/RLCL/HLCL class, between 100 Hz and 1 MHz.
	Output impedance envelope (when in limitation)
	Value
	Nominal
	LCL/RLCL/HLCL
	Equipment
	T*

	5.2.17.2.1a
	The LCL/RLCL/HLCL output impedance shall be provided for a voltage across the LCL/RLCL/HLCL equal to (4 ±1) V.
	
	Verification
	Nominal
	LCL/RLCL/HLCL
	Equipment
	T*

	5.2.18.1.1a
	The RLCL state shall automatically be recovered to ON conditions after a spurious switch-off.
	Noise immunity
	RLCL spurious switch-off
	Nominal
	RLCL
	Equipment
	RoD, A, T*

	5.2.18.2.1a
	Spurious disable of RLCL retriggering memory cell and of RLCL ON/OFF status memory cell shall not result in the loss of the relevant load.
	
	RLCL spurious effects
	Nominal
	RLCL
	Equipment
	RoD, A, T*

	5.2.19.1.1a
	The LCL/RLCL/HLCL shall work nominally for any load inductance from zero to the maximum specified in 5.5.2.1.1a for LCL/RLCL or in 5.5.2.1.1b for HLCL
	Output LCL Load (Input load characteristic)
	Load inductance
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T*

	5.2.19.2.1a
	The LCL/RLCL/HLCL shall work nominally for any load capacitance from zero to the maximum specified in Table 3‑1, Table 3‑2 and Table 3‑3 respectively.
	
	Load capacitance
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A


: Functional/Load requirements list
	Reference
	Text of the requirement
	Feature
	Sub-feature
	Conditions
	Applicability
	Applicability level
	Verification

	5.3.1.1.1a
	During nominal operation after switch-on, the load current for LCL/RLCL/HLCL shall always be smaller than the correspondent class current.
	Nominal
	Load behaviour
	Nominal
	LCL/RLCL/HLCL
	SSE/SSS/Equipment
	A,T

	5.3.1.1.1b
	Requirement 5.3.1.1.1a shall be valid also in the following conditions:
1. the bus voltage transients are applied, and
3. there are load-conducted emissions as per the EMC specification.
	
	
	
	
	
	

	5.3.2.1.1a
	During Switch-on, the load current shall not exceed the LCL/RLCL class current except for charging the relevant input filter.
	Switch-on
	Load behaviour 1
	Nominal
	LCL/RLCL
	SSE/SSS/Equipment
	A,T

	5.3.2.2.1a
	Converters contained in the load shall start up without the load current to exceed the LCL/RLCL class current.
	
	Load behaviour 2
	Nominal
	LCL/RLCL
	SSE/SSS/Equipment
	A,T

	5.3.2.3.1a
	If the LCL/RLCL current limit is reached, the load input filter shall be completely charged within the relevant LCL/RLCL maximum charge time defined in requirement 5.4.2.3.1a.
	
	Input filter charging
	Nominal
	LCL/RLCL
	SSE/SSS/Equipment
	A,T

	5.3.3.1.1a
	In case the LCL/RLCL switch fails in a dissipative failure mode, the load shall perform one of the following actions:
1. work nominally, 
2. enter autonomously a safe operating condition, or 
3. survive the condition without abnormal conducted or radiated emissions.
	LCL switch dissipative
failure
	Steady state condition, load
	Fault
	LCL/RLCL
	Equipment
	A,T

	5.3.4.1.1a
	A representative LCL/RLCL interface should be used during the standalone tests of any load connected to it.
	Load test condition
	Load test condition
	Nominal
	LCL/RLCL
	Equipment
	T

	5.3.5.1.1a
	In case an UVP at load side is present, the repetitive overload pattern that can result from the interaction with the LCL/RLCL shall be studied as part of the FMECA.
	User UVP at bus input side 
	User UVP at bus input side 
	Nominal
	LCL/RLCL
	SSE/SSS/Equipment
	A



: Performance/Source requirement list
	Reference
	Text of the requirement
	Feature
	Sub-feature
	Conditions
	Applicability
	Applicability level
	Verification

	5.4.1.1.1a
	The input or output current overshoot when an overload is applied to the LCL/RLCL/HLCL shall be lower than 50 A, when evaluated in the conditions specified in req. 5.4.1.1.1b.
	Overall requirements
	Current overshoot when an overload is applied to the  LCL.
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T*

	5.4.1.1.1b
	The worst case overload condition applied for the verification shall be a sudden short-circuit applied at the LCL Distribution Unit connector interface.
	
	
	
	
	
	

	5.4.1.1.1c
	The time to current overshoot for LCL/RLCL/HLCL shall be 5 µs maximum, when evaluated in the conditions specified in req. 5.4.1.1.1b.
	
	Time to current overshoot
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T*

	5.4.1.1.1d
	The current overshoot recovery time for LCL/RLCL/HLCL shall be 300 µs maximum, when evaluated in the conditions specified in req. 5.4.1.1.1b.
	
	Current overshoot recovery time
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T*

	5.4.1.1.1e
	The maximum LCL/RLCL input overshoot charge due to any overload shall be limited to 1 mC maximum.
	
	Input overshoot charge
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T*

	5.4.1.1.1f
	The maximum input overshoot charge due to an overload, as per 5.4.1.1.1e., shall be complied for any load inductance value from zero to the maximum specified in 5.5.2.1.1a for LCL/RLCL, or in 5.5.2.1.1b for HLCL.
	
	Input overshoot charge and load inductance
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T*

	5.4.1.2.1a
	In case the reverse current functional requirement 5.2.11.1.1a is applied, the reverse current peak tolerance shall be equal to the LCL class current, with linear decay of 10 minutes maximum.
	
	Reverse Current Tolerance
	Nominal
	LCL
	Equipment
	A

	5.4.1.3.1a
	Maximum leakage current for LCL/RLCL/HLCL shall be 100 µA.
	
	Leakage current
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A

	5.4.1.3.1b
	The voltage appearing at the LCL/RLCL/HLCL output in OFF state shall be lower than 1V.
	
	Leakage voltage
	Nominal
	LCL/RLCL/HLCL
	Equipment
	T

	5.4.1.4.1a
	The minimum time between two successive external LCL/HLCL ON commands shall be 1 s.
	
	Minimum time between two successive ON commands
	Nominal
	LCL/HLCL
	SSE/SSS
	A,T

	5.4.2.1.1a
	Maximum LCL/RLCL/HLCL start-up current rate dI/dt shall be 1A/µs.
	Start-up / switch-off requirements
	LCL start-up current rate
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T

	5.4.2.2.1a
	Maximum LCL/RLCL/HLCL switch-off current rate dI/dt shall be 1A/µ
	
	LCL switch-off current rate
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T

	5.4.2.3.1a
	The load input filter charge time shall be maximum 80 % of LCL/RLCL class minimum trip-off time when:
1. operating in worst-case conditions;
2. the minimum LCL/RLCL class limitation current is chosen.
	
	Load Input
Filter Charge time
	Nominal
	LCL/RLCL
	SSE/SSS/Equipment
	A,T

	5.4.2.4.1a
	The amplitude of the pulse appearing at LCL/HLCL output during main bus start-up shall not exceed 5 V.
	
	Output, auto start OFF, amplitude
	Nominal
	LCL/HLCL
	Equipment
	A, T*

	5.4.2.4.1b
	Requirement 5.4.2.4.1a shall be valid for any applicable main bus voltage derivative at start-up and when minimum load is applied.
	
	
	
	
	
	

	5.4.2.5.1a
	The duration of the pulse appearing at LCL/HLCL output during main bus start-up shall not exceed 1 ms.
	
	Output, auto start OFF, duration
	Nominal
	LCL/HLCL
	Equipment
	A, T*

	5.4.2.5.1b
	Requirement 5.4.2.5.1a shall be valid for any applicable main bus voltage derivative at start-up and when minimum load is applied.
	
	
	
	
	
	

	5.4.3.1.1a
	The LCL/RLCL/HLCL switch-off threshold shall be configurable on ground from 80 % of the nominal bus voltage value.
	UVP
	Switch-off threshold, regulated bus
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T

	5.4.3.2.1a
	The LCL/RLCL/HLCL switch-off threshold shall be configurable on ground from 50 % of the nominal DC maximum bus voltage value.
	
	Switch-off threshold, unregulated bus
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T

	5.4.3.3.1a
	For LCL/RLCL/HLCL, the UVP shall not react for an undervoltage event lasting less than 500 µs.
	
	UVP noise immunity
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T

	5.4.3.4.1a
	For LCL/RLCL/HLCL, the UVP noise immunity shall be verified by applying a voltage step from nominal bus voltage to 80 % of nominal DC switch-off threshold with a fall time equal or smaller than 1 % of the actual UVP reaction time.
	
	UVP noise immunity, verification
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T*

	5.4.3.5.1a
	If UVP hysteresis is implemented, the difference between the actual UVP switch-off threshold, and relevant enabled ON threshold, shall be higher than 0,5 V.
	
	UVP hysteresis
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T

	5.4.4.1.1a
	The LCL/RLCL/HLCL enable ON threshold shall be configurable up to 95 % of the nominal main bus voltage.
	Switch-on capability
	LCL enable ON threshold Voltage, regulated bus case
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T

	5.4.4.2.1a
	The LCL/RLCL/HLCL enable ON threshold shall be configurable up to 90 % of the nominal DC maximum bus voltage value.
	
	LCL enable ON threshold Voltage, unregulated bus case
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T

	5.4.4.3.1a
	The RLCL shall not switch ON when relevant threshold is reached for less than 500 µs.
	
	Switch-on response time, value
	Nominal
	RLCL
	Equipment
	A,T

	5.4.4.4.1a
	The RLCL Switch-on response time shall be verified by the application of a voltage step from 80 % of nominal DC switch-off threshold to nominal bus voltage with a rise time equal or smaller than 1 % of the actual Switch-on response time.
	
	Switch-on response time, verification
	Nominal
	RLCL
	Equipment
	T

	5.4.5.1.1a
	The voltage drop of LCL/RLCL line shall not exceed 1 % of the nominal main bus voltage at the relevant class current.
	Voltage drop
	Voltage drop
	Nominal
	LCL/RLCL
	Equipment
	A,T

	5.4.5.1.1b
	The voltage drop of an HLCL/LCL with an additional switch shall not exceed 2 % of the nominal main bus voltage at the relevant class current.
	Voltage drop
	Voltage drop
	Nominal
	LCL//HLCL
	Equipment
	A,T

	5.4.5.1.1c
	The LCL/RLCL/HLCL voltage drop shall be measured from central regulation point to the output connector.
	Voltage drop
	Voltage drop
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T

	5.4.6.1.1a
	Minimum phase margin for LCL/RLCL/HLCL shall be 50°, under the following conditions:
1. a zero Ohm impedance load is applied, and
2. the DC voltage across the LCL/RLCL/HLCL equals (4 ±1) V.
	Stability
	Frequency domain, phase margin
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T*

	5.4.6.2.1a
	Minimum gain margin for LCL/RLCL/HLCL shall be 10 dB under the following conditions:
1. a zero Ohm impedance load is applied, and
2. the DC voltage across the LCL/RLCL/HLCL equals (4 ±1) V.
	
	Frequency domain, gain margin
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T*

	5.4.6.3.1a
	For any specified inductive load, no persistent voltage or current oscillation shall occur when the LCL/RLCL/HLCL is applied a sudden overload.
	
	Time domain, transient from non-limiting mode to current limitation mode.
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T*

	5.4.6.3.1b
	The period of observed oscillation as per requirement 5.4.6.3.1a shall be greater or equal to the envelope decay time.
	
	
	
	
	
	

	5.4.6.4.1a
	For any specified inductive or capacitive load, no persistent voltage or current oscillation shall occur when the LCL/RLCL/HLCL is starting up in current limitation.
	
	Time domain, start-up transient to current limitation mode
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T*

	5.4.6.4.1b
	The period of observed oscillation as per requirement 5.4.6.4.1a shall be greater or equal to the envelope decay time.
	
	
	
	
	
	

	5.4.7.1.1a
	For LCL/RLCL/HLCL, the accuracy of the current telemetry shall be equal or better than ±4 % of the full scale value in worst case.
	Current telemetry, accuracy
	Current telemetry, accuracy
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T

	5.4.8.1.1a
	If functional requirement 5.2.8.6.1a is not met, for LCL/RLCL/HLCL the offset of the current telemetry shall be equal or better than ±4 % of the full scale value in worst case.
	Current telemetry, offset
	Current telemetry, offset
	Nominal
	LCL/RLCL/HLCL
	Equipment
	A,T

	5.4.9.1.1a
	For RLCL, the minimum retrigger interval shall be 20 s unless a specific RLCL memory cell for latched trip-off status is provided.
	Retrigger interval
	Retrigger interval
	Nominal
	RLCL
	Equipment
	A,T

	5.4.10.1.1a
	For RLCL, the maximum value of dI/dt rate on retrigger ON edge shall be 1 A/µs.
	dI/dt limit on retrigger ON edge
	dI/dt limit on retrigger ON edge
	Nominal
	RLCL
	Equipment
	A,T

	5.4.11.1.1a
	For RLCL, the maximum value of dI/dt rate on retrigger OFF edge shall be 1 A/µs.
	dI/dt limit on retrigger OFF edge
	dI/dt limit on retrigger OFF edge
	Nominal
	RLCL
	Equipment
	A,T

	5.4.12.1a
	The LCL/RLCL/HLCL ON/OFF status shall confirm that the LCL/RLCL/HLCL output voltage is within its nominal range with an accuracy of ±10 %.
	Status, accuracy
	Status, accuracy
	Nominal 
	LCL/RLCL/HLCL
	Equipment
	A, T*


[bookmark: _Ref414960173]: Performance/Load requirements list
	Reference
	Text of the requirement
	Feature
	Sub-feature
	Conditions
	Applicability
	Applicability level
	Verification

	5.5.1.1.1a
	For LCL/RLCL, a load should not reinject current into the bus.
	Load reverse current
	Avoidance
	Nominal
	LCL/RLCL
	Equipment
	RoD

	5.5.1.2.1a
	In case requirement 5.2.11.1.1a is complied, the maximum current reinjected to the LCL shall be equal to the LCL class current, with linear decay of 10 minutes maximum.
	
	Reinjection current
	Nominal
	LCL
	Equipment
	A,T

	5.5.2.1.1a
	The maximum inductance, including the harness between LCL/RLCL and load, and including the input load filter, shall be 300 µH.
	Load characteristic
	Maximum inductance 
	Nominal
	LCL/RLCL
	SSE/SSS/Equipment
	RoD, A

	5.5.2.1.1b
	The maximum inductance, including the harness between HLCL and load, and including the input load filter, shall be 50 µH.
	
	Maximum inductance 
	Nominal
	HLCL
	SSE/SSS/Equipment
	RoD, A

	5.5.2.2.1a
	The maximum capacitance for LCL and RLCL shall be compatible with the one shown in Table 3‑1 and Table 3‑2 respectively.
	
	Maximum capacitance
	Nominal
	LCL/RLCL
	Equipment
	A,T

	5.5.2.2.1b
	The maximum capacitance for HLCL shall be compatible with the one shown in Table 3‑3.
	
	Maximum capacitance
	Nominal
	HLCL
	Equipment
	A,T

	5.5.2.3.1a
	For LCL/RLCL, the supplier shall provide to the customer the load impedance envelope, expressed in terms of magnitude and phase, for a frequency range from 100 Hz to 1 MHz.
	
	Load impedance envelope
	Nominal
	LCL/RLCL
	Equipment
	A,T*

	5.5.3.1.1a
	For LCL/RLCL, at those frequencies in which the load and the source impedance are equal in magnitude, the difference between the load impedance phase and the source impedance phase shall be greater than abs(±150°±n*360°).
	Source-load characteristic
	Source-load impedances phase margin
	Nominal
	LCL/RLCL
	SSE/SSS
	A

	5.5.3.2.1a
	For LCL/RLCL, at those frequencies in which the difference between the load impedance phase and the source impedance phase is equal to 
-180°±n*360°, the difference between the load impedance gain and the LCL impedance gain shall be greater than 5 dB.
	
	Source-load impedances gain margin
	Nominal
	LCL/RLCL
	SSE/SSS
	A

	5.5.4.1.1a
	In case of an LCL/RLCL failure causing a sudden application of nominal voltage to the load, the relevant peak current shall be lower than 20 A or 5 times the class current, whichever is greater.
	Start-up Surge Input Current
	Start-up surge input Current
	Fault
	LCL/RLCL
	Equipment
	A,T

	5.5.4.1.1b
	The peak current shall be compatible with the electrical and thermal stress of:
1. the LCL/RLCL,
2. the load input filter components, and
3. the relevant main bus disturbance
	
	
	
	
	
	

	5.5.5.1.1a
	If an internal current limitation is used in the load, the relevant overall current limit shall be at maximum equal to the class current of the relevant LCL/RLCL.
	Internal load Input current limitation
	Internal load input current limitation
	Nominal
	LCL/RLCL
	Equipment
	A,T
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LCLs

				LCL specification

				Req.		Title		Category 1		Category 2		Category 3		Unit		Min		Max		Ver.
Method
(note 1)		Requirement / Condition		Remark

						LCL specification

				1		LCL class (I class)		-		-		-		A						A,T				see drawing

				2		Over-current Limitation (I trip)		value		-		-		A						A,T				see drawing
It is quite often to have
- a minimum trip off current at 1.15 of I class
- a maximum trip off current at 1.35 of I class and
- a nominal trip off current at 1.25 of I class.

				4		Current Limitation Response time		-		-		-		us						A,T				1- By design the LCL is made with a switch, which is saturated when the LCL is not limiting, and when the LCL needs to limit the current, the control circuitry will control the switch in linear mode. The time needed to pass from saturation mode to linear

				5		Trip-Off Time		-		-		-		ms						A,T				see drawing

				6		Overshoot current when a fault after the LCL occurs.		value		-		-		A		-				A,T				Overshoot current during the response time. Ratings of the components shall be respected (see drawing).

				7		LCL Start-up		di/dt		-		-		A/us		-				A,T				di/dt when the LCL is switch-on after a ON command.

				8		LCL Switch-off		di/dt		-		-		A/us		-				A,T				di/dt when the LCL is switch-off after an OFF command or when the LCL trip-off.

				9		Behavior of the LCL when primary source appears from OV to nominal voltage.		Input voltage time derivative dv/dt		-		-		V/us		-				A,T				Definition of the input voltage appearing.

				10				status		-		-		On/off						A,T				The status of the LCL under this condition shall be known.

				11				Output current peak (applicable only if the LCL status shall be OFF at power-up)		amplitude		-		A		-				A,T				When a LCL is off and the primary source voltage appears, some current can be delivered to the output of the LCL during the transient.

				12						duration		-		ms		-				A,T

				13		Under-voltage protection		switch off		voltage		-		V						A,T				Below this threshold the LCL is switched off in a latch mode.

				14						Off response time		-		ms		-				A				Analysis conditions to verify this requirement: step of the primary source voltage from nominal to 0V.

				15		Switch-on capability		-		voltage		-		V						A,T				Above this level the LCL may be switched on again by command. It shall not switch on automically.

				16						On response time		-		ms		-				A				Analysis conditions to verify this requirement: step of the primary source voltage from 0V to nominal.

				17		Voltage drop from main regulation point of the primary source to PCDU output connector		-		-		-		V		-				A,T				Can be different in function of the class of the LCL.

				18		Stability		frequency domain		phase margin (when the LCL is in limiting mode)		-		deg		50		-		A		For any capacitive load and inductive loads specified above in the LCL Load.		Bode plots in WCA

				19						gain margin  (when the LCL is in limiting mode)		-		Db		10		-		A		For any capacitive load and inductive loads specified above in the LCL Load.		Bode plots in WCA

				20				time domain		transient from non limiting mode to current limitation mode.		-		PLOT required		-		-		A, T		For any capacitive load and inductive loads specified above in the LCL Load.		The test is to check that no persistent oscillation occurs for any types of specified loads.

				21		Fault Voltage Tolerance		LCL Input Voltage		-		-		V						A,T

				22		Reverse Current Tolerance		-		-		-		A						A,T				Some loads can re-inject energy back to the bus through the body diode of the LCL Mfet (eg Motors, reaction wheels, inertia wheels, controlled Moment Gyroscope etc.). If it happens, the input voltage of the LCL could increase from nominal to higher levels

				23		Leakage current		-		-		-		mA		-		1		A,T				Leakage when the LCL is off.		ok

				24		Temperature range		-		-		-		DegC						A,T

				25		Minimum time between two successive ON commands		-		-		-		ms				-		A,T				If a failure occurs at the output of the LCL, the LCL will trip-off. If the user is sending several ON commands, the LCL will limit the current for each on command. This can increase the temperature of the LCL MFET over its ratings.

						Repetitive over load (pulsed load)		-		-								-						For instance hiccup between LCL and undervotlage protection of the function supplied by the LCL.
Needs to be consolidated.

						Input Voltage Conducted Susceptibility		Frequency domain		frequency range														applicable if the LCL is not included in an equipment having a EMC specification.		to be continued

										amplitude														applicable if the LCL is not included in an equipment having a EMC specification.		to be continued

								Time domain		Single Transient		amplitude		V										applicable if the LCL is not included in an equipment having a EMC specification.		to be continued

												duration		ms										applicable if the LCL is not included in an equipment having a EMC specification.		to be continued

										Repetitive spikes		amplitude		V										applicable if the LCL is not included in an equipment having a EMC specification.		to be continued

												spikes duration		ms										applicable if the LCL is not included in an equipment having a EMC specification.		to be continued

												Spikes frequency		Hz										applicable if the LCL is not included in an equipment having a EMC specification.		to be continued

						Forward Current Conducted Susceptibility		Frequency domain		frequency range				Hz												to be continued

										amplitude				A

						LCL Source specification

				26		Nominal Voltage Range								V						A,T				The LCL shall remain functional under this range

				27		Abnormal bus voltage range								V		0				A,T				The LCL shall remain functional under this range

				28		Nominal Bus ripple voltage								V ptp						A

				29		Applicable Bus voltage transients								%										% of nominal bus voltage range

				30		Maximum Bus impedance								Ohms		-						between 50Hz and 1MHz		Impedance of elements connected to the primary source shall be always greater than the primary source impedance to avoid oscillation.

						LCL Load specification

				31		Nominal  LCL Load Voltage Range		-		-		-		V						A,T				This can be different of the bus voltage range.

				32		Fault Voltage LCL Load Tolerance		-		-		-		V						A,T

				33		Load Reverse Current		-		-		-		A						A,T				Some loads can re-inject energy back to the bus through the body diode of the LCL Mfet (eg Motors, reaction wheels, inertia wheels, controlled Moment Gyroscope etc.). If it happens, the input voltage of the LCL could increase from nominal to higher levels

				34		Output LCL Load (Input load characterisitc)		Maximum Input inductance (Iincludes harness between LCL and load and the input load filter)		-		-		mH		-		1		S				To be compatible with the dsitribution line

				35				Maximum output Capacitance (in the load input filter)		-		-		uF		-		100		S				RC damper shall be included

				36		Start-up		Input Current Settling Time		-		-		ms		-				A,T				1- Following load switch on, if the user current exceeds the LCL current limit value, the LCL will start its current limiting mode. 

During this phase the input filter of the load will charge with a current corresponding to the current limited by the LCL

				37				Start-up Surge Input Current		-		-		A						A,T				When the current limitation is lost (no limitation), the load shall start-up with an inrush current peak lower than the specified value here.

This is a credible failure to lose the limitation of the LCL.

				38		Maximum Current allowed for user		Steady state and peak current		-		-		A		-				A,T				After been switch on, the maximum load current (including steady state and transients) shall be lower than 1.05 * LCL class current.

				39		Internal load Input current limitation		-		%		-		A		-				A,T		% of I trip		In case an internal current limitation is used in a load, the limiting current of this internal current limitation shall be lower than the one of the PCDU LCL to avoid incompatibility problems between the current limitation functions.





RLCL input overshoot charge   
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LCLs

				LCL specification

				Req.		Title		Category 1		Category 2		Category 3		Unit		Min		Max		Ver.
Method
(note 1)		Requirement / Condition		Remark

						LCL specification

				1		LCL class (I class)		-		-		-		A						A,T				see drawing

				2		Over-current Limitation (I trip)		value		-		-		A						A,T				see drawing
It is quite often to have
- a minimum trip off current at 1.15 of I class
- a maximum trip off current at 1.35 of I class and
- a nominal trip off current at 1.25 of I class.

				4		Current Limitation Response time		-		-		-		us						A,T				1- By design the LCL is made with a switch, which is saturated when the LCL is not limiting, and when the LCL needs to limit the current, the control circuitry will control the switch in linear mode. The time needed to pass from saturation mode to linear

				5		Trip-Off Time		-		-		-		ms						A,T				see drawing

				6		Overshoot current when a fault after the LCL occurs.		value		-		-		A		-				A,T				Overshoot current during the response time. Ratings of the components shall be respected (see drawing).

				7		LCL Start-up		di/dt		-		-		A/us		-				A,T				di/dt when the LCL is switch-on after a ON command.

				8		LCL Switch-off		di/dt		-		-		A/us		-				A,T				di/dt when the LCL is switch-off after an OFF command or when the LCL trip-off.

				9		Behavior of the LCL when primary source appears from OV to nominal voltage.		Input voltage time derivative dv/dt		-		-		V/us		-				A,T				Definition of the input voltage appearing.

				10				status		-		-		On/off						A,T				The status of the LCL under this condition shall be known.

				11				Output current peak (applicable only if the LCL status shall be OFF at power-up)		amplitude		-		A		-				A,T				When a LCL is off and the primary source voltage appears, some current can be delivered to the output of the LCL during the transient.

				12						duration		-		ms		-				A,T

				13		Under-voltage protection		switch off		voltage		-		V						A,T				Below this threshold the LCL is switched off in a latch mode.

				14						Off response time		-		ms		-				A				Analysis conditions to verify this requirement: step of the primary source voltage from nominal to 0V.

				15		Switch-on capability		-		voltage		-		V						A,T				Above this level the LCL may be switched on again by command. It shall not switch on automically.

				16						On response time		-		ms		-				A				Analysis conditions to verify this requirement: step of the primary source voltage from 0V to nominal.

				17		Voltage drop from main regulation point of the primary source to PCDU output connector		-		-		-		V		-				A,T				Can be different in function of the class of the LCL.

				18		Stability		frequency domain		phase margin (when the LCL is in limiting mode)		-		deg		50		-		A		For any capacitive load and inductive loads specified above in the LCL Load.		Bode plots in WCA

				19						gain margin  (when the LCL is in limiting mode)		-		Db		10		-		A		For any capacitive load and inductive loads specified above in the LCL Load.		Bode plots in WCA

				20				time domain		transient from non limiting mode to current limitation mode.		-		PLOT required		-		-		A, T		For any capacitive load and inductive loads specified above in the LCL Load.		The test is to check that no persistent oscillation occurs for any types of specified loads.

				21		Fault Voltage Tolerance		LCL Input Voltage		-		-		V						A,T

				22		Reverse Current Tolerance		-		-		-		A						A,T				Some loads can re-inject energy back to the bus through the body diode of the LCL Mfet (eg Motors, reaction wheels, inertia wheels, controlled Moment Gyroscope etc.). If it happens, the input voltage of the LCL could increase from nominal to higher levels

				23		Leakage current		-		-		-		mA		-		1		A,T				Leakage when the LCL is off.		ok

				24		Temperature range		-		-		-		DegC						A,T

				25		Minimum time between two successive ON commands		-		-		-		ms				-		A,T				If a failure occurs at the output of the LCL, the LCL will trip-off. If the user is sending several ON commands, the LCL will limit the current for each on command. This can increase the temperature of the LCL MFET over its ratings.

						Repetitive over load (pulsed load)		-		-								-						For instance hiccup between LCL and undervotlage protection of the function supplied by the LCL.
Needs to be consolidated.

						Input Voltage Conducted Susceptibility		Frequency domain		frequency range														applicable if the LCL is not included in an equipment having a EMC specification.		to be continued

										amplitude														applicable if the LCL is not included in an equipment having a EMC specification.		to be continued

								Time domain		Single Transient		amplitude		V										applicable if the LCL is not included in an equipment having a EMC specification.		to be continued

												duration		ms										applicable if the LCL is not included in an equipment having a EMC specification.		to be continued

										Repetitive spikes		amplitude		V										applicable if the LCL is not included in an equipment having a EMC specification.		to be continued

												spikes duration		ms										applicable if the LCL is not included in an equipment having a EMC specification.		to be continued

												Spikes frequency		Hz										applicable if the LCL is not included in an equipment having a EMC specification.		to be continued

						Forward Current Conducted Susceptibility		Frequency domain		frequency range				Hz												to be continued

										amplitude				A

						LCL Source specification

				26		Nominal Voltage Range								V						A,T				The LCL shall remain functional under this range

				27		Abnormal bus voltage range								V		0				A,T				The LCL shall remain functional under this range

				28		Nominal Bus ripple voltage								V ptp						A

				29		Applicable Bus voltage transients								%										% of nominal bus voltage range

				30		Maximum Bus impedance								Ohms		-						between 50Hz and 1MHz		Impedance of elements connected to the primary source shall be always greater than the primary source impedance to avoid oscillation.

						LCL Load specification

				31		Nominal  LCL Load Voltage Range		-		-		-		V						A,T				This can be different of the bus voltage range.

				32		Fault Voltage LCL Load Tolerance		-		-		-		V						A,T

				33		Load Reverse Current		-		-		-		A						A,T				Some loads can re-inject energy back to the bus through the body diode of the LCL Mfet (eg Motors, reaction wheels, inertia wheels, controlled Moment Gyroscope etc.). If it happens, the input voltage of the LCL could increase from nominal to higher levels

				34		Output LCL Load (Input load characterisitc)		Maximum Input inductance (Iincludes harness between LCL and load and the input load filter)		-		-		mH		-		1		S				To be compatible with the dsitribution line

				35				Maximum output Capacitance (in the load input filter)		-		-		uF		-		100		S				RC damper shall be included

				36		Start-up		Input Current Settling Time		-		-		ms		-				A,T				1- Following load switch on, if the user current exceeds the LCL current limit value, the LCL will start its current limiting mode. 

During this phase the input filter of the load will charge with a current corresponding to the current limited by the LCL

				37				Start-up Surge Input Current		-		-		A						A,T				When the current limitation is lost (no limitation), the load shall start-up with an inrush current peak lower than the specified value here.

This is a credible failure to lose the limitation of the LCL.

				38		Maximum Current allowed for user		Steady state and peak current		-		-		A		-				A,T				After been switch on, the maximum load current (including steady state and transients) shall be lower than 1.05 * LCL class current.

				39		Internal load Input current limitation		-		%		-		A		-				A,T		% of I trip		In case an internal current limitation is used in a load, the limiting current of this internal current limitation shall be lower than the one of the PCDU LCL to avoid incompatibility problems between the current limitation functions.
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