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A.23

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.

ccccc

- 28 powering subsectors

CYCIPO3

- 36 Power interlock
controllers (2 for long arcs)

A.67

A total of 12 out of 36 PICs
are located at point 1 and
5.

CPCART,
;;;;;

ccccc

ccccccc

B UA & UJ Zones
I RR zones
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HL-LHC Specifications for PIC




HL-LHC Specifications for PIC

* Relocation of the 12 PICs of the sectors

1 and 5:
Number of Total number | |_nominal | |_ultimate L per circuit R per circuit
° fro m U L 14’ U L 1 6 tO U R 15 , Circuitsfor HiLumi Magnet Type Circuit Name circuit(;per P ofcircuits (7_TeV) KAl - KAl at nor:[ina'-l‘] P (] Comments or References
siae current[m
« from USC55, UL557 to URSS.
’ Triplet Q1, Q2a, Q2b, Q3 MQXFA / MQFXB ROX 1 4 (IR1/5) 16,23 17,5 255,4 0,15 CERN-ACC-2017-0101; EDMS 1375861
Trim Q1 - RTOX1 1 4 (IR1/5) 2 2 69 1,35
- - Trim Qla - RTOXA1 1 4 (IR1/5) 0,035 0,035 34,5 226,16
* Moving the electronics from the RRsS to  wna : e YTV B Y O I W I
? 1 Orbit correctors Q1/2 -Horizontal/Inner MCBXFB RCBXH[1,2] 2 8 (IR1/5) 1,74 1,864 58,4 2,37
'_t h e U S t_o C 0 p _e W I t h t h e r_ed I Cted §Q Orbit correctors Q1/2 -Vertical/Outer MCBXFB RCBXV[1,2] 2 8 (IR1/5) 1,43 1,532 124,8 2,42
d I d d b = |Orbit correctors Q3 - Horizontal/Inner MCBXFA RCBXH3 1 4(IR1/5) 1,593 1,709 107,1 1,99
I n C reaS e I n ra I atl O n eve S I n u C e y E Orbit correctors Q3 - Vertical /Outer MCBXFA RCBXV3 1 4 (IR1/5) 1,34 1,441 232,3 1,98
fu t u re H L - L H C b eam S . £ [superferric, order 2 MQSXF RQSX3 il 4 (IR1/5) 0,174 0,197 1530 14,31
Superferric, order 3, normal and skew MCSXF / MCSSXF RCS[S]X3 2 8 (IR1/5) 0,099 0,112 213 54
Superferric, order 4, normal and skew MCOXF / MCOSXF RCO[SIX3 2 8 (IR1/5) 0,102 0,115 220 54
. . Superferric, order 5, normal and skew MCDXF / MCDSXF RCD[SIX3 2 8 (IR1/5) 0,092 0,106 120 54
° N eW C O n fl g u rat I O n Of th e P I CS Of th e Superferric, order 6 MCTXF RCTX3 1 4(IR1/5) 0,085 0,097 805 54
= = - - Superferric, order 6, skew MCTSXF RCTSX3 1 4 (IR1/5) 0,084 0,094 177 54
inner triplet regions and matching T bt o s st | s | os
S eCt | O n S | n p O | nt 1 & 5 ~ |Recombination dipole D2 MBRD RD2 1 4(IR1/5) 12,33 13,343 27,46 0,13
- © | Orbit correctors D2 MCBRD RCBRD[V,H}4 4 16 (IR1/5) 0,394 0,422 920 1,36
a Individually powered quad Q4 (4.5K) may Same Circuit Paramters for Q4 in IR1/5 asin the LHC, Correction Plane Swapped by Turning and Swaping of
. . Orbit correctors Q4 (4.5K) MCBY Q4 Magnets
) N f 1 d 5 f H L - Individually powered quad Q5 (4.5K) MQML
eW I r'] ter 'aC .e at O I n t an O r H é Orbifcarrectors AaRSK) NEHE Same Circuit Paramters for Q5, Q6 and Correctorsin IR1/5 asin the LHC B
LHC circuits: DFHX/M thermal switches 5 T '
M H H Orbit correctors Q6 (4.5K MCBC
fO r th e I n n er t” p | et an d m atC h I n g o Individually powered quad Q10 (1.9K) MQML RQ10 2 8 (IR1/5) 5,39 5,83 21 0,4
5 OrbitcorrectorsQ10 (1.9K) MCB RCBIV,H]10 2 8 (IR1/5) 0,055 0,06 6020 45,8 ECR EDMS no. 2796793
S eCt I 0 n S Lattice Sextupole (1.9K) MS RS[D,F)[1,2] 2 8 (IR1/5) 0,55 0,6 432 7,5
g Individually powered quad Q5 (4.5K) may RQ5 2 4 (IR6) 3,61 3,9 74 0,4
. Orbit correctors Q5 (4.5K) MCBY RCBY[V,H]5 2 4 (IR6) 0,088 0,1 5270 34,4
° N . P I C d y f h llT g ~ 11T dipole, MBH 11Tdipole, MBH RB.A67-RB.A78 = 2(IR7) 11,85 12,798 15734 1
O t e - I S rea O r t e m a n et - Trim circuit - RTBH9 - 2 (IR7) 0,25 0,25 127,1 30,96

Integration
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Second Generation of PIC (PICv2)




Interface overview

CRYO ////, )
AccTesting
Ethernet PLC-PLC HW Sequencer

[S7 Connection]
Ethernet ( PIC e——””“IEEI'»
SCADA
A

L PIC = FGC
FESA e

>
Hardware Layer - Safety critical \ Software Layer /
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Circuit Interlock Types

i i PC_PERMIT
Up to 54 circuits / PIC -
POWERING_FAILURE
Interlock Type A PS PIC ¢ PC
UENCH
13kA main + IT Q Q s PC_FAST_ABORT ,
C tat ™\ DISCHARGE PC_DISCHARGE_REQUEST
ryosta W;WL—. L S S ‘ X
PC_PERMIT
LA LA v V. " Interlock Type B1 >
circuit 1 circuit 2 circuit 3 yp POWERING FAILURE
600A EE, 600A no EE, 4 —
600A no EE crowbar + QPS QUENCH . PIC PC_FAST_ABORT PC
1 Individually powered ! g
DFB dipoles.
Control Network
—
AN PC_PERMIT_B1
e EEEE— vyt SE— .
Quench Power Intferlock Type B2 PC_PERMIT_B2
Protection 1 ?W .:: Converter 1 Individually powered >
——— e e quadrupoles (IRs) QPS PIC | ProwerInNG_FAILURE PC
Powering P QUENCH ) PC_FAST_ABORT
Quench Interlock ower > _FAST_. R
Protection 2 < anetll-'(?]‘l:er < Converter 2 > —
/ PC_PERMIT
Interlock Type C1/C2 >
Quench | ary ) | Power POWERING_FAILURE
Protection 3 Converter 3 80-120A correctors PIC < = PC
—_— _—
Interlock Type D . . :
60A dipole o‘::it No HW interlocks, but PC PERMIT of the PC via timing system, surveillance through
correctors SlS
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Second Generation of PIC

e Why? * Reliability studies Outcome
«  Extend the lifespan of the PIC systems beyond HL-LHC by * Redundant reading of the loops.
addressing the obsolescence of critical components in the - Beam dump request redundancy ensured by an extra CPU.

system design. _
. : : : *  Study ongoing
*  Assure compatibility with HL-LHC protection requirements. o _
» Possibility of reducing the number of CPUs per LHC

sector to 2, to avoid the exchange of hardware signals

« Design between the PICs.

« A purely industrial solution prototype based on PLC is available

(HW) and will be installed at IT-STRING. " . " i
* Redesign of the PLC, WIinCC software by BE-ICS using ¥
UNICOS is in progress and should be available by end of June. Powerng Fallre [H
A

ATA
Circuit Quench E:‘
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Current loops

* 10mMA<I<20mA and15V <V <24V
« Maximum allowed voltage drop of each system is 2.5V.

« 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: Weidmiuller MOS 12-28 VDC.
« 2x 4.2 VDC optocoupler voltage drop is caused by internal protection against reverse current, over voltage

and short circuit.

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:

Finder

* 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 v
* Powering Failure loop with FGC v

*  Quench loop with FGC and CLIQ (No EE) v

20.06.2023

HCPLO601

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

Quench Loop: different cases...

LHC600A-10V R2E-LHC600A-10V Inner Triplet

EDMS 970040 - page 99 EDMS 2350138 - doc EDMS XXXX - page X
. ’—‘— 18V — =~ """ |
m_gi } Source i
& 18KA \
R400 /P 3 Converter e
s F &) g <:> HCRPAFE F cerlock |
} S s erlock 1
] A - o= Y _m g PIC + QPS he Mc; anel |
Q05 g P FAST ABORE_| s e
mipssHil A ) _ :l X | | £ “ } Machine }
X0 mm o : T 2 ’ . \’ eﬂ 6v | ! | Protection |
D400 a0 SK_SW L'—l—u E d‘\ }L System i
MRIEA 100PF ers HCRPBAB 45V — m=f=========5,
@— V24 %‘: [CSW_FAST ABORT O }
‘ \ |
T R— & ook .: 3 Vmin 9 take Converter Destination i
':_| quo i with 15V weak... _ HCRPLAD |
= 510 Vipin S A |

Between source and destination:

. Each optocoupler has a forward voltage
. Each fuse has a forward voltage

= 8.00 Vrom! S ‘ : The loop powering is 15V, with a current regulator which needs 2.5V
= 9.25 Vyax ! | E: The loop readout can be redundant, with a fuse, which needs 4.5V
(1.6 Viom | 1.85 Vimax | Opto — s [¥x |

Power Module B Power Modulex

So there is around

2V for the interlock panel, and

Courtesy of Y. Thurel and B. Todd
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IST & HWC
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Reference Documents

 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
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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/

Individual System Tests

 To validate the correct functioning of the PIC,

including the supervision application in stand-alone Supervision
mode. j.
i 2 StepS: Cryo Simulator A PIC

* Prior to the installation of a PIC in the LHC: -
 Adedicated 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”.

DISCH,
POW_FAIL,
UPS, AUG,
BIC

g <}atch Panels connected 1{>
PP, FPA,
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Hardware Commissioning

e 12 out of 36 PIC are to be tested for HL-

« Tests entirely carried out manually (with
the concernéd 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.

20.06.2023 HL-LHC Magnet Circuit Instrumentation Day 2023

« Automated tests via AccTesting.
« Powering tests.




Powering Tests

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, BISS)

Test management with AccTesting (MPE-CB).

§ Accelerator Testing - pro

Test info: [system="RQS.A81B1’, test="PIC2 POWERING FAILURE', testPlanItemId=105392]

—— & Z r . P
v RBA aantoine :(‘ Send Feedback \@ Campaign [Inactive]: The test'PIC2 POWERING FAILURE' for the system ‘RQS.A81B1 . ) )
—A’I! a Recommissioning 201512016 Z\ has the following execition history Powering PM Analysis results view Parameters |
J T 6[ '(f;:;:lan _: { Stttz uu' [ Reporting uul ‘ ‘ExecJD | Starttime | End time | Status Valid | Description | Signatures Exemmong ] Signatures ] MTE files ME
94440 2016-03-10 1... 2016-03-10 1... SUCCESSFUL true -
s || systemname | Active lo... | Pie Chart | The tests for the system | Here the required and optional (grey) signatures for the selected test are shown:
[ =
- m - m . _ ) ‘ wer e = T = @‘
O A
g e PIC | 100% Successful >
Sign Only Test a RSSAS1B1 m
() sign only tests visible o e Bib: | 4non siicossii
- e RSS.A81B2
Displayed TestFitter 4
(] RUNNING He o PIC | 100% Successtul
— 1 ROD.A31B1 fl
(] ANALYSIS_PENDING
' Reschedule Analysis e
s o o PG |400%Sicosssul | Reschedule Analyeis Change Validit
s e m . _ . _ . =
v )
(] Show all excluded tests u e PIC | 100% Successtul V ® Successful
ROF A81B1 m
Column options 2 a ° @ U i
PIC aile
— 100% ful
@) Sysiom Kay, Successt
(J systemtype ROFAB1B2 m -
4 system name - Role selection
) Active locks o o BIE | e successsl A |
@ Pie Chart M_EXPERT __|v]
- e m _ m - -
L | i -
g e PIC | 100% Successful . - = b PR 5
TN e ———————————————————— —— ——=x=2 3 ests | 1tests and 0g Close -
15:11:47 - updateData: Systems added: 0 | Systems refreshed: 9 ’ ¥
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https://edms.cern.ch/document/519704/

Powering Tests (2)

Interlock Type Circuit Type PIC Signature
PC_PERMIT A, Bl, B2, C All Not required
POWER FAILURE A(1) RB PIC Expert

A(2), B1, B2, C Others Automatic (eDSL)
CIRCUIT QUENCH A, Bl RB, RQD, RQF, RQX, IPD  PIC Expert
VIA QPS

B1, B2 600A EE/noEE Automatic (eDSL)
FAST ABORT A, Bl RB, RQD, RQF, RQX, IPD  PIC Expert
VIAPIC B1, B2 600A EE/NoEE Automatic (eDSL)
DISCHARGE REQ A RB, RQD, RQF PIC Expert
VIAPIC
PIC TO BIC All All PIC Expert

HL-LHC: 88 PIC tests / IP Side (+31 PIC to BIC tests).
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Conclusions

« 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.
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Second Generation of PIC

General

230VAC
From UPS
CIPM \

SIGNAL
REDUNDANT PS
+24VDC

PLC

o

10 Crate ¢ N

REDUNDANT PS

Ethernet
24VDC
CRYO [PLC] L ' + ' .
P

—>
PROC PLC
FEC [Linux b e PS
T ®|  [SIEMENS] > CPsB (ars ]
L

Process & Beam '« PROFINET IO 10 Crate ¢ >

Dump

S
FEC [Linux] H
e e H
QPS
S J opse  |[€—>(aps ]
[B&R] 10 Crate -
Beam Dump ¢ > -C

\ / CIPSS

E— 10 Crate ‘_’
f =
o : AUG
P UPS

-
\ AND | -
[Ess.] v

AND

L P [Aux]

<€—P» NExx Cable v

CIBU [BIS]
Unmaskeable

Maskeable

[ CIBU [BIS] J
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PICv2 Industrial Solution — Response Time Results

. Sans logic . PICv1 logic . UNICQOS logic .Optimized PIC logic

PIC response time

10
ET200SP ! ET200MP - Direct DI/DO ! PICv1

g | | |

I I I

: l l I

| | |

7 l l l

I I I

& l l |

= | | |
= 5 | | |
£ | | |
4 | | |

| | |

3 . I I I

| | |

: | . | l

| | |

1 | | . |

I I . . I

0 | | |

ET2005P Sans ET2005P with ET2005P with ET2005P withg ET200MP Sans ET200MP with ET200MP with ET200MP with g Direct DI/DO  Direct DI/DO  Direct DI/DO  Direct DI/DO gOIAPIC Sans  Old PICwith  Old PIC with
ogic Old PIC logic  UNICOS logic  new PIC logic ogiC Old PIC logic  UNMICOS logic new PIC logic Sans logic with Old PIC  with UNICOS  with new PIC ogiC Old PIC logic new PIC logic
ogEiC ogic ogic
| | |
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PIC Software: Towards a Second Generation

* 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).

- Asecond g{ene_ration of software is mandatory, keeping each system software generic
throughout all instances.

Two possible solutions
Development and maintenance of dedicated generic software Full integration of PIC into the UNICOS framework designed

and supervision (WIinCC) for PIC byBE-ICS.

Unified

1
1
1
1
1
1
|
1
|
|
|
|
1 Industrial Control
1 System
I
I
|
|
|
1
I
I
|
|
1
1
1
1

UNICOS

Future development and maintenance — fully under the Future development and maintenance — fully under the

responsibility of MPE-MI responsibility of BE-ICS
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PIC v2 — UNICOS software Prototype

Fully
solution for IT STRING.

BE-ICS and MPE-MI

Ve

— > UAB tool ‘

)
J UNICOS specification file

C)

Custom state machine and |

different functionalities code

MPE-MI

Study ongoing:
* Merging several PICs in a powering Subsector
maintaining a reaction time < 10 ms (PLC cycle

time + Interface).

AccTesting integration.

20.06.2023

UNICOS integrated PIC v2 software, is currently being developed by BE-ICS as a

/PIC System instance

WinCC_OA

Supervision

UNICOS based PIC

Custom core
code

application

Operation support &nd
maintenance of control&
pervision layer by BE-IC&

Ethernet

Courtesy of M. Kalinowski
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Interlocking Strategy

T1

T2
POWER PERMIT
T3 T6
T
Fast
Power
Abort
T8 T7

Output Reset

Failure Type

PIC Action

Powering Failure

Quench

Fast Power Abort

Discharge

Fast Power Abort

Cryo

UPS

AUG

GPM

Fast Power Abort

Operator

Fast Power Abort

20.06.2023

The Global Protection
Mechanism (GPM) is designed
to trigger a preventive discharge
of magnet circuits in the vicinity
of a main magnet that
guenched, in order to reduce the
likelihood of secondary
guenches due to heat
propagation.

Each circuit is configured to
activate or not the global
protection mechanism (GPM).
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