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Introduction
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PIC is designed to:

• Ensure the correct 
powering conditions for 
the superconducting 
magnet circuits of the LHC.

• Request a beam dump via 
the Beam Interlock System 
in case of failure of a 
connected circuits.

• A total of 12 out of 36 PICs 
are located at point 1 and 
5.
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• 28 powering subsectors

• 36 Power interlock 
controllers (2 for long arcs)



HL-LHC Specifications for PIC
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• Relocation of the 12 PICs of the sectors 
1 and 5:

• from UL14, UL16 to UR15,

• from USC55, UL557 to UR55.

• Moving the electronics from the RRs to 
the URs to cope with the predicted 
increase in radiation levels induced by 
future HL-LHC beams.

• New configuration of the PICs of the 
inner triplet regions and matching 
sections in point 1 & 5.

• New interface at point 1 and 5 for HL-
LHC circuits: DFHX/M  thermal switches 
for the inner triplet and matching 
sections

• Note: PIC is ready for the 11T magnet 
integration

HL-LHC Specifications for PIC
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Second Generation of PIC (PICv2)
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Interface overview
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Circuit Interlock Types

Up to 54 circuits / PIC
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• Why?

• Extend the lifespan of the PIC systems beyond HL-LHC by 
addressing the obsolescence of critical components in the 
system design.

• Assure compatibility with HL-LHC protection requirements.

• Design

• A purely industrial solution prototype based on PLC is available 
(HW) and will be installed at IT-STRING.

• Redesign of the PLC, WinCC software by BE-ICS using 
UNICOS is in progress and should be available by end of June.

Second Generation of PIC
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• Reliability studies Outcome

• Redundant reading of the loops.

• Beam dump request redundancy ensured by an extra CPU.

• Study ongoing

• Possibility of reducing the number of CPUs per LHC 
sector to 2, to avoid the exchange of hardware signals 
between the PICs.



• The new design of the PICv2 highlighted the potential risk of degradation of the integrity of the 

Quench loop induced by the voltage drops produced by all the systems.

• LHC specifications (EDMS 1001985) for current loops:  

• 10 mA < I < 20 mA  and 15 V < V < 24 V

• Maximum allowed voltage drop of each system is 2.5 V.

• PICv2 Prototype

• Preliminary studies to select the components have focused on the reaction time (<75us for CLIQ integration) :

• Opto-coupler to write on the loops: Finder 24 VDC.

• Opto-coupler to read on the loops: Weidmüller MOS 12-28 VDC.

• 2x 4.2 VDC optocoupler voltage drop is caused by internal protection against reverse current, over voltage 
and short circuit.

• CLIQ is out of the picture: reaction time restrained to 10 ms -> wider opto-coupler choice.

• HW validated in MPE testbed 272 and in the PIC testbed:

• Power Permit loop with FGC

• Powering Failure loop with FGC

• Quench loop with FGC and CLIQ (No EE)

Current loops
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Finder

Weidmüller

https://edms.cern.ch/document/1001985/


Quench Loop: different cases…
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Courtesy of Y. Thurel and B. Todd
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Between source and destination:

• Each optocoupler has a forward voltage
• Each fuse has a forward voltage

The loop powering is 15V, with a current regulator which needs 2.5V
The loop readout can be redundant, with a fuse, which needs 4.5V

So there is around 8V for interface panel + MPS

2V for the interlock panel, and 6V for the machine protection system.



IST & HWC
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• General Procedure for the Commissioning of the Electrical Circuits of a sector (Eng. 
Spec.)

• EDMS 477145: LHC-D-HCP-0001

• Individual System Tests of the Powering Interlock Controller

• EDMS 531823: LHC-CI-TP-0001

• MPS Aspects of the Power Interlock System Commissioning

• EDMS 896390: LHC-OP-MPS-0005

• Interlock Tests of Powering Subsector Prior & After Connection of the Power Cables to 
DFB Leads

• EDMS 519704: LHC-D-HCP-0002

Reference Documents
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https://edms.cern.ch/document/477145/
https://edms.cern.ch/document/531823/
https://edms.cern.ch/document/896390/
https://edms.cern.ch/document/519704/


• To validate the correct functioning of the PIC, 
including the supervision application in stand-alone 
mode.

• 2 steps:

• Prior to the installation of a PIC in the LHC:

• A dedicated test system is used to interface any 
existing PIC hardware configuration and to simulate all 
protection signals.

• An automated procedure verifies the correct response 
of the powering interlock controller for all possible failure 
scenarios simulated with the test system (validation of 
PLC HW + SW).

• In-situ (proposal to be tested at IT-STRING):

• The PIC is entirely cabled but all systems are 
disconnected and replaced by dedicated “bouchon”.

Individual System Tests
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Supervision

PIC Testbench

PICCryo Simulator

Patch Panels connected 1:1

PP, FPA,

DISCH,

POW_FAIL,

UPS, AUG,

BIC

Ethernet



Hardware Commissioning
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PICQPS PC

CRYO UPS AUG

BISPowering tests

• 12 out of 36 PIC are to be tested for HL-
LHC.

• Tests entirely carried out manually (with 
the concerned teams).

• CRYO

• Tests and validation from the CCC.

• UPS

• Validation in collaboration with EN/EL team 
which acts on the UPS in the tunnel.

• AUG

• Analysis of all events in the PIC history buffer.

• DFHX/M Thermal switches.

• Interface and configuration.

• Automated tests via AccTesting.

• Powering tests.
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DFHX/M

TS



Test Procedure in EDMS 519704. 

The aim is the commissioning of hardwired protection signals, transmitted via current loops in 
between the involved systems (PC_PERMIT, POW_FAIL, QUENCH, DISCHARGE_REQ, BIS).

Test management with AccTesting (MPE-CB).
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Powering Tests
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https://edms.cern.ch/document/519704/
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Powering Tests (2)

Test Interlock Type Circuit Type PIC Signature

PC_PERMIT A, B1, B2, C All Not required

POWER FAILURE A(1) RB PIC Expert

A(2), B1, B2, C Others Automatic (eDSL)

CIRCUIT QUENCH

VIA QPS

A, B1 RB, RQD, RQF, RQX, IPD PIC Expert

B1, B2 600A EE/noEE Automatic (eDSL)

FAST ABORT

VIA PIC

A, B1 RB, RQD, RQF, RQX, IPD PIC Expert

B1, B2 600A EE/noEE Automatic (eDSL)

DISCHARGE REQ

VIA PIC

A RB, RQD, RQF PIC Expert

PIC TO BIC All All PIC Expert

HL-LHC: 88 PIC tests / IP Side (+31 PIC to BIC tests).
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• The PICv2 prototype is a full industrial solution that has been successfully tested in 
the MPE testbed and the Hardware is ready for IT-STRING.

• PLC configuration for LHC still to be defined.

• Review of the current loops specifications and voltage drop study with all stakeholder 
ongoing.

• The Second generation of PIC Software is currently under development by BE-ICS.

• PICv2 still to be integrated in AccTesting (ongoing).

• Very good understanding of the IST and HWC.

Conclusions
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Second Generation of PIC

20.06.2023 HL-LHC Magnet Circuit Instrumentation Day 2023 21



PICv2 Industrial Solution – Response Time Results

ET200MPET200SP Direct DI/DO PICv1

Sans logic        PICv1 logic          UNICOS logic      Optimized PIC logic
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• Original PLC software

• Tailor-made, written in STL language.

• Based on UNICOS TSPP protocol to communicate with WinCC OA (SCADA).

• Not compatible with the current Siemens S7-1500 series PLC (UNICOS communication protocol).

• A second generation of software is mandatory, keeping each system software generic 
throughout all instances.

PIC Software: Towards a Second Generation
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Two possible solutions

Full integration of PIC into the UNICOS framework designed 

byBE-ICS.

Development and maintenance of dedicated generic software 

and supervision (WinCC) for PIC

Future development and maintenance – fully under the 

responsibility of MPE-MI

Future development and maintenance – fully under the 

responsibility of BE-ICS



• Fully UNICOS integrated PIC v2 software, is currently being developed by BE-ICS as a 
solution for IT STRING.

PIC v2 – UNICOS software Prototype
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UNICOS specification file

Custom state machine and 

different functionalities code

UAB tool

WinCC_OA

Supervision 
UNICOS based PIC 

application

Custom core 

code Ethernet

PIC System instance

Operation support and 
maintenance of control& 

supervision layer by BE-ICS

MPE-MI

BE-ICS and MPE-MI

• Study ongoing:

• Merging several PICs in a powering Subsector 

maintaining a reaction time < 10 ms (PLC cycle 

time + Interface).

• AccTesting integration.

Courtesy of M. Kalinowski



Interlocking Strategy

25

Failure Type PIC Action

Powering Failure Slow Power Abort 

Quench Fast Power Abort 

Discharge Fast Power Abort 

Cryo Slow Power Abort 

UPS Slow Power Abort 

AUG Slow Power Abort 

GPM Fast Power Abort 

Operator Slow Power Abort

Fast Power Abort

• The Global Protection 

Mechanism (GPM) is designed 

to trigger a preventive discharge 

of magnet circuits in the vicinity 

of a main magnet that 

quenched, in order to reduce the 

likelihood of secondary 

quenches due to heat 

propagation.

• Each circuit is configured to 

activate or not the global 

protection mechanism (GPM).
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