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Introduction

After the qualification for operation of the individual systems of a sector, validation and specific studies of the power converter system and its interlocks will be carried out in the context of the machine protection system (MPS) commissioning.
This document describes the sequence of test which validates the commissioning of the PIC-BIC interface for the 36 individual powering interlock controllers (PIC) installed in the LHC.
1. Scope

This document covers the tests, which will be carried out to condition and validate for operation all the components of the Powering Interlock System in relation with the machine protection system for LHC beam 1 and 2. The area concerned by these tests is the whole LHC ring. The equipment concerned are the UPS systems, the AUG systems, the Cryogenic systems, the QPS systems, and the PC systems connected to the Powering Interlock Controllers to guarantee a beam dump request via hardwired links to the Beam Interlock System in case of a failure in the powering of an electrical circuit.
2. Purpose

This document 

1. Gives a comprehensive list of the components that will be the object of the tests (PIC, BIC). 

2. Describes in detail the procedures that will be applied for these tests and their sequence.
Each test has in front one of the following letters, defining at which interval or at which occasion the described test needs to be repeated (in the column labelled Repetition):

	N
	Not to be repeated

	S
	To be repeated after every Shutdown

	P
	Periodical repetition required, like 1 x per month; details to be defined in text 

	O
	To be repeated when LHC optics is changed

	X
	To be repeated when crossing scheme is changed


This document is meant to be the reference document for the checklist which will be used during the commissioning of the MPS. Results of the tests will be documented in the MTF database.

3. The PoWERING INTERLOCK SyStem as a USER OF THE BEAM INTERLOK SYSTEM
3.1 Two TYPES OF USER_PERMIT SIGNALS

Failures in the different electrical circuits powering the LHC magnets can have consequences for operation with circulating beam that range from moderate to severe. This range of consequences depends on the operational mode of the accelerator and may change with beam energy and intensity during the nominal ramp. Hence, the criticality and necessity of electrical circuits for beam operation is defined as:
Essential: Those circuits required under all circumstances for beam operation. If the powering interlock controller (PIC) detects a failure in any of these circuits, it will immediately send a beam dump request to the beam interlock controller before aborting the powering in the faulty circuits. Essential circuits have unmaskable inputs into the beam interlock system.

Auxiliary: Those circuits that do not obstruct beam operation under any circumstance. If failures are detected by the powering interlock controller in any of these circuits, the information is sent to the beam interlock controller that one or several of the auxiliary electrical circuits are not operating. The decision whether or not to dump the beam is left to the beam interlock controller (as a function of the safe beam flag).
Each PIC will provide two interfaces to its associated Beam Interlock Controller (BIC), one representing the Essential circuits (connected to an UNMASKABLE input of the BIS) and one representing the Essential circuits AND Auxiliary circuits (connected to a MASKABLE input at the BIS side) as shown in Figure 1.

Figure 1: Signals between PIC and CIBUS
Essential circuits are connected to both inputs of the BIC, maskable and unmaskable, because of redundancy reasons. Thus a failure in any of the essential circuits will be transmitted to the BIC through both independent channels.

Note! Because the number of I/O signals of the PIC is limited by the design, the PIC does not provide two completely independent USER_PERMIT_A and USER_PERMIT_B, but both signals will change simultaneously. To compensate for this lack of redundancy, two independent CIBUs for the MASKABLE USER_PERMIT and two independent CIBUs for the UNMASKABLE USER_PERMIT are installed in the current loop as shown in Figure 3. 
3.2 Redundancy for the USER_PERMIT SIGNALS

The safety of the link between the Powering Interlock System and the BIS is based on redundancy and parallelism.

As described in Figure 2, if a failure occurs in any of the electrical circuits managed by a powering interlock controller it will be detected by two independent systems, a fast logic device (CPLD) and the main PLC of the PIC. The response time is in the order of some microseconds for the CPLD, whilst it is in the order of milliseconds for the PLC.

· CPLD: The matrix has 96 inputs, and is configured depending on the criticality of circuits connected to this instance of powering interlock controller. It reacts only on failures in essential circuits and triggers a beam dump request (BDR) on both the unmaskable and the maskable input of the BIS.

· PLC: The PLC reads the same inputs and performs the same operations as the CPLD, but includes the Auxiliary circuits. If a failure occurs in any of the circuits, a signal is passed to the BIC via the unmaskable and/or maskable input.






3.3 THE LAYOUT

The Powering Interlock Controller is a client of the Beam Interlock Controller that upon detecting a failure requests a beam dump of both beams simultaneously. Unlike other LHC systems, the PIC doesn’t distinguish between the two beams in its request for a beam dump.

In order to minimize the number of PIC clients for the beam interlock system, only four single BIC User interfaces (CIBUs) are installed per insertion region. Two CIBUs are connected to the unmaskable BIC input and the other two to the maskable BIC input. Failures in the powering of LHC magnets are sent by the PIC via hardwired links to the BIC User interface, and a common hardware solution using current loops is used. 



For each of the eight IP’s, dedicated current loops for ESS and AUX signals connect all involved PICs in the insertion region. The respective current loop can be interrupted by any PIC opening the corresponding switch (ie opto-coupler), connected in series with the respective current loop (see Figure 3).

Single BIC User Interfaces (CIBUS) are installed in the PIC racks closest to the associated BICs, ie the interlock systems managing the long arc cryostats.

A list of the BIC User interfaces to be connected to the PIC is given at the end of the document (APPENDIX A).

4. Tests performed during the hardware commissioning
The powering interlock system has already been fully commissioned during the hardware commissioning phase, namely during the dedicated test steps PIC1 and PIC2 [2]. No test however has been performed to commission the interfaces between the Powering Interlock Controller and the Beam Interlock Controller. As indicated previously, every PIC and many other systems in an insertion region need to be installed, commissioned and fully operational before these final tests can be performed. 
4.1 INDIVIDUAL SYSTEM TESTS

In order to test the interface PIC-BIS, nominal conditions for powering have to be established in the concerned insertion regions (left and right of an IP) in order to activate the USER_PERMIT signals from the interlock controllers. 

Any of the following conditions will provoke a beam dump request in a powering interlock controller:

· AUG activation (global power abort in all circuits in the insertions)

· Fault of redundant UPS (global power abort in all circuits in the insertions)

· Failure of magnet powering (via QPS event, PC event or PIC event)

· Cryo conditions not OK (global power abort in all circuits of the subsector)

· Operator request 

The way in which these systems interact with the PIC is further explained in Section 6.
Figure 4 shows the information flow between PIC, BIS and LBDS. If any of the above situations occurs the PIC will remove the USER_PERMIT signal to the BIS which will provoke the Beam Dump Request when not masked. The BIS will inform the PIC about the status of the beam using the BEAM_INFO signal.


[image: image1]
Figure 4: Signal exchange between the powering interlock controller (PIC), the beam interlock system (BIS) and the LHC Beam Dumping System (LBDS).
4.1.1 Entry Conditions required to START AND perform tests
The entry conditions required for the tests are:

· Nominal powering conditions for all circuits associated with the PICs under test around the insertion region under test

· Tested, verified software is needed for the BIC. Details of the test procedures for the BIC can be found in [1].

· An operational PIC that has been fully commissioned as part of the corresponding hardware commissioning phase. See [2] for details of this commissioning.

4.1.2 Description of the tests
	
	Rep.
	Action
	Group(s) Responsible

	1
	S
	Confirmation that a failure due to an Essential circuit changes the PIC USER_PERMIT to the unmaskable CIBU input to FALSE, and that this change is received by both CIBUs associated with the insertion region
	TE/MPE/MI

	2
	S
	Confirmation that the time response of the PIC-BIS interface for unmaskable inputs is within the required response time.
	TE/MPE/MI

	3
	S
	Confirmation that a failure due to an Essential OR an Auxiliary circuit changes the PIC USER_PERMIT to the maskable CIBU input to FALSE.
	TE/MPE/MI

	4
	S
	Confirmation that the time response of the PIC-BIS interface for maskable inputs is within the required response time.
	TE/MPE/MI

	5
	S
	Confirmation that an operator can set the PIC USER_PERMIT to FALSE (for both Essential and Auxiliary circuits.
	TE/MPE/MI

	6
	S
	Confirmation of the reporting and logging of Essential and Auxiliary circuit interlocks. 
	TE/MPE/MI 

	7
	S
	Confirmation that upon breaking the PIC current loop for the Auxiliary circuits when in SAFE_BEAM mode, the setting of the maskable USER PERMIT is correctly done.
	TE/MPE/MI

	8
	S
	Confirmation that upon breaking the PIC current loop for the Essential circuits when in SAFE_BEAM mode, the maskable USER PERMIT is set to FALSE (so to insure redundancy). 
	TE/MPE/MI


4.1.3 Exit Conditions from the tests

The exit conditions of the tests are that the PIC-BIC interface will have been functionally commissioned, and are ready for final (and exhaustive) commissioning during machine checkout (using the automated sequences).
5. Link to other equipment
The ST_BEAM_INFO flag is received by the PIC but at present is only used for the creation of the Power Permit to the 60A circuits (that do not dispose of a direct hardwired connection to the powering interlock system). If beam is present in the machine (which is reflected by the ST_BEAM_INFO), the Power Permit for the 60A circuits is forced to TRUE in order to avoid an accidental removal of this signal due to its nature of a software link (and it’s associated lower reliability). 

In terms of hardwired inputs into the powering interlock system, each interlock controller receives information from the following systems:

UPS: The redundant UPS are connected to the PIC via hardwired links. In case both UPS systems of a configuration are faulty, a Fast Power Abort is issued to all the circuits (Slow Power Abort for Type C Circuits) and therefore a Beam Dump request is triggered. 
AUG: The emergency stop system is connected to the PIC via hardwired links. In case of any of the AUG chains in the underground area, a Fast Power Abort is issued to all the circuits (Slow Power Abort for Type C Circuits) and therefore a Beam Dump request is triggered.

CRYO: This system is interfacing with the PIC at two different levels:

· CRYO_START signal is exchanged at the SCADA level, and is a start up interlock needed to give POWER_PERMIT to the converters.

· CRYO_MAINTAIN signal is exchanged in between PLCs, connected through Ethernet, and informs the powering interlock system in case nominal cryogenic conditions are lost and a slow power abort has to be initiated. The loss of this signal triggers a beam dump request.

PC: All LHC power converters are connected to the PIC via hardwired links, with the exception of the 60A orbit corrector circuits (for which the POWER_PERMIT signal is transmitted via the timing system). Any failure provoked by a power converter is read by the PIC which will issue a beam dump request as a function of the definition of the electrical circuit as auxiliary/essential.

QPS: Connected to the PIC via hardwired links. Any quench signal issued by the quench protection system is read by the PIC which will issue a beam dump request as a function of the definition of the electrical circuit as auxiliary/essential. Connection and functionality related to this system is tested during PIC1 and PIC2 tests described in Section 5.

See APPENDIX C for a detailed table including all signals managed by the PIC and their consequent effect on the maskable and unmaskable inputs of the BIC for both essential and auxiliary circuits.

6. SYSTEM TESTS DURING THE MACHINE CHECKOUT

The integral system should be tested from the CERN Control Centre (CCC), simulating as much as possible future operation with beam. These tests should be automatically performed in order to minimize the time required and to facilitate further maintenance.

Tests to be carried out are: 

· Beam dump triggered by AUG (manually with TS/EL expert).

· Beam dump triggered by UPS (manually with TS/EL expert).

· Beam dump triggered by CRYO (manually with Cryo expert).

· Beam dump triggered by provoking a POWERING_FAILURE in of each the individual Power Converters (using the automated sequence). The automated sequence is hereby verifying the full configuration of essential/auxiliary circuits against the LSA database in each of the PICs under test and performing the according bookkeeping of the performed tests within MTF and the LSA database.

Note: The full interlock functionality of a given electrical circuit has already been tested during the Individual System Test and Hardware Commissioning phases of the PIC. This means, that it is already proven that any of the following events provokes a Slow Power Abort or a Fast Power Abort (see note below): CIRCUIT_QUENCH, PIC_FAST_ABORT, PIC_DISCHARGE_REQUEST, REMOVE_PERMIT or POWERING_ FAILURE in the respective circuit. For simplicity, only a POWERING_FAILURE signal is issued during the tests of the PIC-BIC interfaces as this signal allows testing both, the beam dump request issued by the PLC as well as the one issued by the CPLD.

Slow Power Abort and Fast Power Abort are hereby two distinct ways of extracting the energy stored in the magnets. The first one is done via a controlled ramp-down of the current whilst the second one, a Fast Power Abort, is done extracting the energy through Energy Extraction Systems, Dump resistors, Heaters, etc.
6.1 Entry Conditions required to perform tests

· Successful completion of the individual system tests and the interlock commissioning phases PIC1 and PIC2 of all powering interlock controllers of the concerned insertion regions (left and right of an IP).

· Nominal operating conditions for all electrical circuits connected to the powering interlock controllers subject to the test. The tests can be performed at zero current; just the control units of the power converters need to be fully operational along with the QPS system.

· Internal loops linking the PICs of the same IR must be closed and fully operational.

· QPS_OK for all circuits under test.

· Cryo_OK [CRYO_Start + CRYO_MAINTAIN].

· AUG and UPS units connected to the PICS in the IR fully operational

· Logging system available.

· BIS operational in the desired IR.

6.2 Description of the tests
These steps have to be done for each PIC on the IR to be tested:
	
	
	Action
	Group(s) Responsible

	1
	S
	Test beam dump request triggered by AUG (manual test):
· Check that:

· ST_PWR_PERM_AUG is OK
· give permit to ALL the circuits managed by the PIC.
· Check that:

· USER_PERMIT TO BIS (ESSENTIAL) is OK

· USER_PERMIT TO BIS (AUXILIARY) is OK
· Request the TS/EL expert to trigger an AUG event.
· Verify at PIC supervision level:

· ST_PWR_PERM_AUG is FALSE

· USER_PERMIT TO BIS (ESSENTIAL) is FALSE

· USER_PERMIT TO BIS (AUXILIARY) is FALSE

· ST_MATRIX is FALSE (CPLD)
· Verify at BIC supervision level:

· USER_PERMIT of the 4 CIBUS in the loop are FALSE 

     (See Section APPENDIX A for details on CIBUS related to this loop)

· Check time delay at supervision level between the triggering of an AUG event and the removing of the USER_PERMIT signal on the BIC side.


	TE/MPE
EN/EL (manual intervention)

	2
	S
	Test beam dump request triggered by UPS (manual test):
· Check that:

· ST_PWR_PERM_UPS is OK
· give permit to ALL the circuits managed by the PIC.
· Check that:

· USER_PERMIT TO BIS (ESSENTIAL) is OK

· USER_PERMIT TO BIS (AUXILIARY) is OK
· Request the UPS expert to trigger an UPS event.
· Verify at PIC supervision level:

· ST_PWR_PERM_UPS is FALSE

· USER_PERMIT TO BIS (ESSENTIAL) is FALSE

· USER_PERMIT TO BIS (AUXILIARY) is FALSE

· ST_MATRIX is FALSE (CPLD)
· Verify at BIC supervision level:

· USER_PERMIT of the 4 CIBUS in the loop are FALSE 

    (See APPENDIX A for details on CIBUS related to this loop)

· Check time delay at supervision level between the triggering of an UPS event and the removing of the USER_PERMIT signal on the BIC side.


	TE/MPE
EN/EL (manual intervention)

	3


	S
	Test beam dump request triggered by CRYO (manual test):
· Check that:

· CRYO START is OK
· give permit to ALL the circuits managed by the PIC.
· Check that:

· ST_CRYO_MAINTAIN is OK

· ST_CRYO_COMMS_ERROR is OK

· USER_PERMIT TO BIS (ESSENTIAL) is OK

· USER_PERMIT TO BIS (AUXILIARY) is OK
· Request the CRYO expert to remove the ST_CRYO_MAINTAIN signal.
· Verify at PIC supervision level:

· ST_CRYO_MAINTAIN is FALSE

· USER_PERMIT TO BIS (ESSENTIAL) is FALSE

· USER_PERMIT TO BIS (AUXILIARY) is FALSE

· ST_MATRIX is FALSE (CPLD)
· Verify at BIC supervision level:

· USER_PERMIT of the 4 CIBUS in the loop are FALSE 

     (See APPENDIX A for details on CIBUS related to this loop)

· Check time delay at supervision level between the triggering of an CRYO event and the removing of the USER_PERMIT signal on the BIC side.

	TE/MPE
TE/CRG

	4


	P
	Test beam dump request triggered by removing POWERING_PERMIT from PIC (via the automated sequence):
· give permit to ALL the circuits managed by the PIC.
· Check that:

· USER_PERMIT TO BIS (ESSENTIAL) is OK

· USER_PERMIT TO BIS (AUXILIARY) is OK
· Circuit by circuit (OR for each Power Converter of B2 type circuits):

· Remove POWER PERMIT and verify:

· IF it is an ESSENTIAL circuit:

· USER_PERMIT TO BIS (from PLC) (ESSENTIAL) is FALSE

· USER_PERMIT TO BIS (from PLC) (AUXILIARY) is FALSE

· ST_MATRIX is FALSE (CPLD)

· USER_PERMIT of the 4 CIBUS in the loop are FALSE                  

· IF it is an AUXILIARY circuit:

· USER_PERMIT TO BIS (from PLC) (ESSENTIAL) is TRUE

· USER_PERMIT TO BIS (from PLC) (AUXILIARY) is FALSE

· ST_MATRIX is TRUE (CPLD)
· USER_PERMIT of the 2 CIBUS in the AUXILIARY loop are FALSE 

· Give Permit and verify:

· USER_PERMIT TO BIS (ESSENTIAL) is OK

· USER_PERMIT TO BIS (AUXILIARY) is OK

· Check time delay at supervision level between the triggering of the PC event and the removing of the USER_PERMIT signal on the BIC side.
	TE/MPE
TE/EPC



It has to be noted that changes of the configuration of a powering interlock controller (with respect to the definition of Essential/Auxiliary Circuits) will require a repetition of the tests as detailed in step 4 of the above test program.

6.3 Exit Conditions And Status of the system after the tests

After the successful completion of these tests, the machine protection aspects of the powering interlock system will have been validated for all the following systems that may trigger a Beam Dump request through the PIC: Failures in LHC magnet powering, UPS, AUG and Cryogenics.

7. Tests with beam

To validate the interfaces between the powering interlock system and the BIS there is in principle no need to perform any tests with beam. However, to study the time delays (e.g. after a quench in a dipole circuit and the completion of the beam dump) and the redundancy of the protection systems (namely Beam Loss Monitors and the QPS/powering interlock system) a number of studies could be performed with low intensity beam to evaluate the overall performance of the Machine Protection Systems. 

Such tests however can be performed in the shadow of other tests and will even occur naturally during first beam operation.

8. References 

[1] B. Todd and B.Puccio, “MPS Aspects of the Beam Interlock System: Commissioning”. AB-NOTE-07-01

[2] Commissioning of the Hardware in the LHC Sectors:Interlock Tests of Powering Subsector Prior & After Connection of the Power Cables to DFB Leads. (LHC Project Document No.: LHC-D-HCP-0002 or EDMS Document No.: 519704). 
9. APPENDIX A 
9.1 List of connections between Powering interlock system and BIS

	Point
	PIC Name
	CIBU Name
	CIBU Location
	BIC Name

	1
	CIP.UJ14.AL1


	CIBU.01RR13
	RR13
	CIB.US15.L1

	
	
	CIBU.02RR13
	
	

	
	CIP.UJ16.AR1

	CIBU.01RR17
	RR17
	CIB.US15.R1

	
	
	CIBU.02RR17
	
	

	2
	CIP.UA23.AL2


	CIBU.01UA23
	UA23
	CIB.UA23.L2

	
	
	CIBU.02UA23
	
	

	
	CIP.UA27.AR2
	CIBU.01UA27
	UA27
	CIB.UA27.R2

	
	
	CIBU.02UA27
	
	

	3
	CIP.UJ33.AL3
	CIBU.01UJ33
	UJ33
	CIB.UJ33.U3

	
	
	CIBU.02UJ33
	
	

	
	CIP.UJ33.AR3
	CIBU.03UJ33
	
	

	
	
	CIBU.04UJ33
	
	

	4
	CIP.UA43.AL4
	CIBU.01UA43
	UA43
	CIB.UA43.L4

	
	
	CIBU.02UA43
	
	

	
	CIP.UA47.AR4
	CIBU.01UA47
	UA47
	CIB.UA47.R4

	
	
	CIBU.02UA47
	
	

	5
	CIP.USC55.AL5
	CIBU.01RR53
	RR53
	CIB.USC55.L5

	
	
	CIBU.02RR53
	
	

	
	CIP.UJ56.AR5
	CIBU.01RR57
	RR57
	CIB.UJ56.R5

	
	
	CIBU.02RR57
	
	

	6
	CIP.UA63.AL6
	CIBU.01UA63
	UA63
	CIB.UA63.L6

	
	
	CIBU.02UA63
	
	

	
	CIP.UA67.AR6
	CIBU.01UA67
	UA67
	CIB.UA67.R6

	
	
	CIBU.02UA67
	
	

	7
	CIP.TZ76.AL7
	CIBU.01RR73
	RR73
	CIB.TZ76.U7

	
	
	CIBU.02RR73
	
	

	
	CIP.TZ76.AR7
	CIBU.01RR77
	RR77
	

	
	
	CIBU.02RR77
	
	

	8
	CIP.UA83.AL8
	CIBU.01UA83
	UA83
	CIB.UA83.L8

	
	
	CIBU.02UA83
	
	

	
	CIP.UA87.AR8
	CIBU.01UA87
	UA87
	CIB.UA87.R8

	
	
	CIBU.02UA87
	
	


10. APPENDIX B 

10.1 List of Essential/Auxiliary/Powering Subsector OFF parameters for A78 circuits

The table below shows an example for sector 7-8 of the parameters that define each circuit as essential, auxiliary or with the capability of trigger a Powering Subsector Off in case of failure. These parameters are gathered from the database and included inside the PLC and CPLD programs.

- ILC_PAR_PS: Powering Subsector Off is triggered if this circuit fails (set to 1).

- ILC_PAR_BD:  Essential circuit for beam operation (set to 1)

- ILC_PAR_AUX: Auxiliary circuit for beam operation (set to 1)

	NAME
	ILC_PAR_PS
	ILC_PAR_BD
	ILC_PAR_AUX

	RQTL11.R7B1
	0
	1
	1

	RQTL11.R7B2
	0
	1
	1

	RQTL7.R7B1
	0
	1
	1

	RQTL8.R7B1
	0
	1
	1

	RQTL8.R7B2
	0
	1
	1

	RQTL9.R7B1
	0
	1
	1

	RQTL9.R7B2
	0
	1
	1

	RSD1.A78B1
	0
	1
	1

	RSD1.A78B2
	0
	1
	1

	RSD2.A78B2
	0
	1
	1

	RSF1.A78B1
	0
	1
	1

	RSF1.A78B2
	0
	1
	1

	RSF2.A78B1
	0
	1
	1

	RSF2.A78B2
	0
	1
	1

	RSS.A78B1
	0
	1
	1

	RB.A78
	1
	1
	1

	RCD.A78B1
	0
	1
	1

	RCO.A78B1
	0
	0
	1

	RCD.A78B2
	0
	1
	1

	RCO.A78B2
	0
	0
	1

	RCS.A78B1
	0
	1
	1

	RCS.A78B2
	0
	1
	1

	ROD.A78B1
	0
	1
	1

	ROD.A78B2
	0
	1
	1

	ROF.A78B1
	0
	1
	1

	ROF.A78B2
	0
	1
	1

	RQ10.L8
	1
	1
	1

	RQ6.L8
	1
	1
	1

	RQ6.R7B1
	0
	1
	1

	RQ6.R7B2
	0
	1
	1

	RQ7.L8
	1
	1
	1

	RQ8.L8
	1
	1
	1

	RQ9.L8
	1
	1
	1

	RQF.A78
	1
	1
	1

	RQS.L8B1
	0
	1
	1

	RQS.R7B1
	0
	1
	1

	RQT12.L8B1
	0
	1
	1

	RQT12.L8B2
	0
	1
	1

	RQT12.R7B1
	0
	1
	1

	RQT12.R7B2
	0
	1
	1

	RQT13.L8B1
	0
	1
	1


11. APPENDIX C 

11.1 Maskable and Unmaskable Inputs related to the different Systems
The table below shows all signals managed by the PIC and their effect on the maskable and unmaskable inputs of the BIC for both, essential and auxiliary circuits. E.g. a failure of the UPS or AUG systems will always affect all circuits (ie all essential and auxiliary circuits) and thus be visible on both, the maskable and unmaskable input of the BIC (1(0 transition). On the contrary, a POWERING_FAILURE signal will only change both user permits to the BIC in case the circuit is essential, the same failure in an auxiliary circuits will only have an effect on the maskable BIC input.

	SYSTEM
	SIGNAL 
	TRANSITION 
	ESSENTIAL

CIRCUIT
	AUXILIARY

CIRCUIT

	
	
	
	UNMASK BIC INP
	MASK BIC INP
	UNMASK BIC INP
	MASK BIC INP

	UPS
	ST_PWR_PERM_UPS
	
	0
	0
	0
	0

	AUG
	ST_PWR_PERM_AUG
	
	0
	0
	0
	0

	CRYO
	ST_CRYO_MAINTAIN
	
	0
	0
	0
	0

	
	ST_CRYO_COMMS_ERROR
	
	0
	0
	0
	0

	POWER CONVERTER
	ST_UNLATCHED:PWR_FAILURE
	
	0
	0
	1
	0

	
	ST_UNLATCHED:PC_DISCH_RQ
	
	0
	0
	1
	0

	
	ST_FAST_POWER_ABORT
	
	0
	0
	1
	0

	PIC
	CMD_PWR_PERM_PIC
	
	0
	0
	1
	0

	
	CMD_ABORT_PIC
	
	0
	0
	1
	0

	
	CMD_DISCHARGE_PIC
	
	0
	0
	1
	0

	QPS
	ST_CIRCUIT_OK_QPS
	
	0
	0
	1
	0
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Figure � SEQ Figure \* ARABIC �2�: Redundancy in PIC-BIC signals





Figure � SEQ Figure \* ARABIC �3�: Example for the installed hardware to establish the ESS and AUX current loops in the LHC insertions of point 1.











