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The HL-LHC IT STRING
an unique and temporary test stand @ CERN

. cannot be fully tested as a part of the component .
. . ices
] acceptance and characterisation program :
{ Lambda Plate

The HL-LHC IT STRING
will serve as a test bed
for matters or

conditions that either erconnections
b depend on the response of the integrated system Circuits
Alignment
The STRING test takes place TOO LATE in We rather look for VALIDATION AND
the project to be used FOR « unknown unknowns » of the

QUALIFICATION of COMPONENTS and INTEGRATED SYSTEM during its

« known unknowns » must be addressed installation, operation and
at the level of the design. dismounting.
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The HL-LHC IT STRING Scope

IT string and hardware commissioning

The scope of the IT STRING is to represent, as best as reasonably achievable
in a surface building, the various operation modes to STUDY and VALIDATE
the COLLECTIVE BEHAVIOUR of the different systems of the HL-L H C &Ts
zone (magnets, magnet protection, cryogenics of the magnets and of the
superconducting link, magnet powering, vacuum, alignment, interconnections
between magnets, and the superconducting link itself).

M Bajko and M. Pojer”

ICERN, Accelerator & Technology Sector, Switzerland
*Corresponding authors

16  IT string and hardware commissioning

16.1 The HL-LHC IT string layout

16.1.1  Introduction and goal of the HL-LHC IT string

The HL-LHC IT string (IT string) is a test stand for the HL-LHC, whose goal is to validate the collective
behaviour of the IT magnets and circuits in conditions as near as possible to the operational ones Each
1individual magnet circuit will be powered through a SC link and its assoctated current leads up to the ultimate
operational current while cooled to 1.9 K in liquid helfum_ The test stand will be installed in the building 2173
(SM18) and will use magnets, superconducting (SC) link_ current leads. power converters and protection
equipment designed for the HL-LHC with their final design, and usable for the HL-LHC. The oot bench wall
allow a real size training for the installation and alignment, the validation of the electrical circuits, the
protection scheme of the magnets, and the SC link. At this occasion, all subsystem owners will be able to fine-
tune their set up and to complement or change when necessary, before they are finally installed into the HL-
LHC. The powering procedures will be written and validated during the tests. These tests will also improve
our knowledge of every single component and will give us the opportunity to optimize the installation and
hardware commissioning procedures.

16.12  Description of the HL-LHC IT string

‘The HL-LHC IT string will be composed of the cryo-magnet assemblies called Q1, Q22, Q2b, Q3, CP and D1
(Figure 16-1). In total, 21 superconducting magnets using Nb-Ti or Nb:Sn technology will be required to set-
up the HL-LHC IT String.

In the IT string, as for the HL-LHC, the magnets will be powered via a SC link (DSH) by standard HL-
LHC power converters. The circuit will also include the current leads and the water-, air- cables or bus bars
between the power converter and the ing through the o called di: boxes (DCB).The DCBs
are placed in the vicinity of the power converters allowing the safe separation of the electrical circuits while
necessary. The SC link will be the bus bars of th dedicated equipment called DFX.

Ref. HL-LHC IT STRING Scope https://edms.cern.ch/document/1693312/1

Cald diodes will provide decoupling between cold and warm parts of the circuit and limit the over-
currets in the superconducting bus bars and link conductors. The diode assembly will be located in befween
D! and the DFX. in order to be accessible for maintenance and replacement. For this reason, a dedicated box.
as a part of the so-called D1-DFX Connection Module, operating at 1.9 K, will be installed into the IT string

The HELHC IBTRINGuvill deliverthe first
complete experiencef installing and
operating the HILHC IT zone
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L-LHC IT STRING a reproduction of HL-LHC P5L
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HL-LHC IT STRING Iin the SM18

STRING area
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THE NEW TECHNOLOGIES OF THE IT STRING

ISR P

/

"POWERING |

The HL-LHC IT String circuts are

an
systom, foaturing 20 power converters
that deliver current ranges between
120 A and 18000 A.

‘The novel remote alignment aystem
foreseen for the HL-LHC s an Integral
Partof the (T String.

Marta Bajko , CERN for the 5th SMTF and 3rd IDSM Bad Zurzach 2025



LEARNING DURING INSTALLATION?

This is the first time that the individualtgsted magnets will be interconnected, following the procedures
which had been defined for the new HHC inner triplet

—— 5. — AR =

Validationof the procedures,the time duration and of the spacerequierhéntsfor
the installation/ Mainly regardingthe interconnection of the Magnets, (including
the spliceg, the OXLandthe Nline.

Validation of theassembly proceduresf of
the DFX and its interconnection with the

the SClink system of the
conjoined DFHXand SClink =78
together

Water-Cooling distribution in
two possibleconfigurations
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ARNING DURING STRING HWC AND OPERATION

Ex. Validation of the neROWERING AND PROTECTION STRATEGIES
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STATUS of the INSTALLATION
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STATUS of the CRYOGENIC INFRASTRUCTURE
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STATUS of the CRYOGENIC INFRASTRUCTURE
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CRYOGENIC EQUIPMENT

PCDS, SQXL and associated CONTROL installation including the Cold Compressor
and he GMS for the DFHX all COMPLETED

Y
N \b N

~

Gas management DFHX




Phase 1a: Mechanical integrity validation during
controlled cooldown (2023)

Phase 1b

44 mm (approx.)

| During repair
(between Phase 1b and 1c)

ase 1C

CCuU control logic validation; Thermal characterisation
of the system (TLO1 repair validation); Further heat load

, I_ﬁr[mcooling capacity assessment (2024)
é HL-LHC PROJECT
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CRYOGENIC EQUIPI\/IENT COI\/II\/IISIONING
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WARM POWERING SHORT CIRCUIT TEST
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THE IT STRING: an ELECTRICAL INSTALLATION
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SHORT CIRCUIT TEST (SCT)

The steps executed during short-circuit tests included the validation of interlocks, the tuning of control
loops, the discharge of the energy extraction system and power converter, and the 8-hour heat run test
for thermal validation.
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1.25e+4 H 1
« This last test required the
simultaneous powering of all
circuits at ultimate current for 8
hours, which has been
achieved
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[ €] unique set o
centered around the handling of the
link connected to the DFHX and its
positioning on the platform.
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STATUS of ALIGNMENT EQUIPMENT
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STATUS of CRYO COLD MAGNETSs
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CRYO COLD MASS Installation
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Q2a cold Mass Installation by the transport teams
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STRING VALIDATION PROGRAM

The scope of the IT STRING is to represent, the various operation modes, to STUDY and
VALIDATE the COLLECTIVE BEHAVIOUR of the different systems ofthe HL-L HC&6s | T

Another key motivation is to test and optimize the)C plans, IST, SCT and Powering Test
proceduresto prepare to a smooth LS3

Phase |

A

(  ne

EDMS NO. REV. VALIDIT
2664290 10 VALID

(" REFERENCE : LHC-XMs-ES-0020

[TEST PLAN

HL-LHC INNER TRIPLET STRING
HL-LHC IT STRING VALIDATION PROGRAM

Abstract
The HL-LHC Inner Triplet (IT) String is a test stand, whose goal is to validate the collective behaviour of the
caoling, powering and protection of the IT magnats and circuits in conditions as similar as possible to their later
operation in the LHC. This document wil b d with classi sted by th
involved in the HL-LHC IT String. It wil alsa show a proposed test sequence, as well as a time estimation of the
different tests that make up the HL-LHC IT String Validation Program (SVP).

TRACEABILITY

Prepared by: M. Bajko, N. Heredia Garcia, M. Pojer and 5. Yammine Date: 2022-01-05

Verified by: M. Bednarek, S. Blanchard, D. Bozzini, G. D'Angelo, G. Daniluk, L. De
Mallac, R. Denz, J. Fieiter, D. Gamba, H. Garcia Gavela, M. Giovannozzi, N. Grada, A. | .
Herty, 5. Kostoglou, W. Maan, M. Modena, A. Perin, E. Ravaioli, G. Rolando, S. +2022-02-21
Seshadri, ). Steckert, G. Sterbini, H. Thiesen, A Verweij and J. Zawilinski

Approved by: V. Baglin, O. Brining, M. Bajko, A. Ballarine, P. Chiggiato, 5. Claudet, A,
Devred, . Fessia, B. Goddard, ). M. Jimenez, H. Mainaud Durand, M. Martino, A. Masi,
V. Montabonnet, T. Otto, M. Pojer, F. Rodriguez Mateas, J. Serrano, A. Siemko, L.
Tavian, E. Todesco, R. Tomas Garcia, J. Wenninger, D. Wollmann and M. Zerlauth

Date: 2022-04-05

Distribution: K. Foraz, R. Jones and HL-LHC SVPM members

Checks at 80 K

1st
Cool-Down

End of the
Phase 1l Phase lll Phase IV Phase V Experimental
4 11T String Program
() Minutes

(| Presentations
() Management
tj Engineering

1] Fabrication, Assembly
() Installation & Commissioning
4 | validation Program
(| HL-LHC IT String ISTs and Short Circuit Tests
le HL-LHC IT String Tests during Magnet and Cold Powering Interconnections
4 ij HL-LHC IT String Circuit Commissioning Tests
2 LHC-XMS-OP-0004 (v.0.1) ELQA QUALIFICATION OF SUPERCONDUCTING CIRCUITS IN
_" LHC-XMS-OP-0006 (v.0.9) Test Procedure and Acceptance Criteria for the 2 kA Corrector Cire

Dismantling of the
String

[ LHC-XMS-0OP-0007 (v.0.9) Test Procedure and Acceptance Criteria for the Separation Dipole

Pl

LHC-XMS-OP-0008 (v.0.1) Test Procedure and Acceptance Criteria for the Inner Triplet Circui

]

LHC-XMS-OP-0009 (v.0.1) Parameters for the HL-LHC IT String Circuit Powering Tests

2 LHC-XMS-OP-0011 (v.0.1) Interlock Tests of the HL-LHC IT String Circuits
7_"7 2920923 (v.0.1) Parameters for the HL-LHC Quench Detection System

: LHC-XMS-OP-0014 (v.0.2) Test Procedure and Acceptance Criteria for the 200 A Corrector Ci
=

LHC-XMS-OP-0015 (v.0.2) Test Procedure and Acceptance Criteria for the 120 A High Order !

Marta Bajko, CERN for the 5th SMTF and 3rd IDSM Bad Zurzach 2025

Z 0N ¢



CONTROL AND SOF]

"WARE FOR IT STRING

| Support from |
|BEOP

DEPARTMENTS & Specification 5
GROUPS 9 De\(eleopment 7
Scripts/Notebook 1

LSADB | |
Iv 1

CONTROL AND SOFTWARE

NXCALS + PM
: \ Productlon

aspecification @b Development, configuratlon are for RV

! HL-LHC o, |

: Test and optimised on the IT String - G

’ during the first cool down and <
> validated at the second. .T o seoss
LTI B e e B
& & L & F L e ‘ Q B
&K & Q QO ,{0 K& | o TEMPE

Marta Bajko , CERN for the 5th SMTF and 3rd IDSM Bad Zurzach 2025




CONTROL ROOM
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