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Updates from the HL-LHC Magnet Circuit Forum



Magnet Circuit Forum

WP1
Project Management

WP10
Energy Deposition & R2E

WP11
117 Dipale

WP12
Wacuum & Beam Screen

Mandate of the MCF includes: ==
Accelerator Physics & Performance

= MCF is the meeting where all aspects related to powering and —
protection of the HL-LHC magnet circuits are discussed.

WP4
Crab Cavities & RF

wP13

*  MCF is mandated to follow the instrumentation and quench / ﬁ“

detection scheme of the superconducting components of HL-LHC e vl b e
CIrCuits.

"  MCE also, is mandated to validate the polarities of the HL-LHC
circuits in collaboration with Polarity Controller (M. Pojer).

MCEF has the responsibility to keep up to date the circuit configurations and parameters
This is done through updates of the Circuit Table and the Electrical Layout (see MCF Sharepoint)
= So far 108 meetings (since June 2016), documented with minutes, follow-up of actions, etc.

=  MCF is also organizing topical meetings with reduced attendance, 46 meetings have taken place so far

=  MCF took responsibilities for the preparation of Engineering Change Requests and other documents related
to circuit aspects

= About 50 members are regularly invited with an average participation of 25 members


https://espace.cern.ch/project-HL-LHC-Technical-coordination/MCF/SitePages/Home.aspx?FollowSite=1&amp;SiteName=Magnet%20Circuit%20Forum

Magnet Circuit Forum

Circuits Layout V3.4

Documentation and updates are regularly
communicated in the MCF meetings and
validated by stakeholders.
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HL-LHC Magnet Circuit Layout
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* Power converter rating when higher than circuit rating




Discussed Topics in the MCF
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Updates on the Design of HL-LHC Circuit-related
Equipment from last Collaboration Meeting



Splices for WP3 Superconducting Busbars

WP3 splice catalogue EDMS no. 2492410
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Tests include resistance measurements at RT, mechanical

.,_’ tests and tests at LT in SM18 @ CERN
(LU



Inner Triplet Circuit Crowbars
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Courtesy of L. De Mallac — MCF no. 107 More info on Quench Simulations E. Ravaioli’s Talk



Design of Room Temperature High Current Busbars

Heat sink

Heat sink 790

687 W

Heat sink lead
140 W a6as

-. 0 50
Heat sink i N
50
A Hedt sink lead
Heat out 1250\
260 W
3 : eat outflow® Heat autflow
e ; . ~1l00W ~85 W
L 35
Design of the High Current Busbars has advanced with a first
: * validation in test bench F2 at SM18 and a pre-series design in
y c—Lz v 26.9 the HL-LHC IT String
Strong Collaboration between WP6a and WP6b — Simulations courtesy of J. Fleiter

Scope and responsibilities have been defined in the

."j ECR on EDMS no. 2453935
‘ HL_!&LPJRO YWV More information in S. Seshadri’s presentation



2016 Baseline

EE 500 mm? |

X2 |2 kA

x4 |2 kA 500 mm?

CLs

X2 |2KA 500 mmz | DFHX
Il

Il
x1 ‘18 KkA| 1300 mm?
Il

x1 (14 kA 2000 mm?
L

X1 [14KkA] 2000 mm?
CLs
............. DFHM

.............. Undefined type
wcc
—————— ACC
——— Cu busbar

Optimisation of the WCC configuration with WP6b and WP17 — MCF no. 99

New 2022 configuration
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[ CLs
L DFHX

| CLs

DFHM

In the WP17 baseline but length affected by the new layout

To be removed from the WP17 baseline
To be added to the WP17

Courtesy of L. Tavian — ECR on EDMS no. 2386350

‘ E'!HLCL%EIJT" More information in S. Bertolasi’s presentation

Water-Cooled Cables Configuration

SM18 Test setup —

ACADEMIC

Simulations and testing to define the cooling
configuration of the WCCs



Powering System — UR side (WP6a/b)

Warm Powering system and interface to DFHX/M now fully defined, incl

= Adaption to latest UR layout and DFHX/M design

=  Optimisation and standardisation of DC cables and ventilation needs

=  Definition of high current DC copper busbars, their cooling system and
interfaces with DFHX/M

New UR layout: impact on DC cables and ventilation LHC tunnel

LHC-DFH-EC-0006

Copper busbars and water cooled plates
LHC-RP-EC-0006

N~ -_\ C’ourtesy OfM Zerlauth

Power converters and

EE systems Circuit Disconnector
Boxes

‘ HL_L%LFJHOJECJ ’ LHC-RP-EC-0005 Change of Conceptual design of DFHX/M

LHC-DFH-EC-0006



https://edms.cern.ch/document/2453935
https://edms.cern.ch/document/2383175/0.9
https://edms.cern.ch/document/2317207/1.0
https://edms.cern.ch/document/2453935/latest

Current Lead Heating System for HL-LHC

o

230 VAC input powe <<
. [T B I

ECR ongoing and expected end of 2022 1" ||[;
Power Units over the DFHX

!..iﬂ. Y

o

On the support of DFHX / DFHM Inthe C.L.H.S controller racks

Proposal by WP7 on the CLHS scheme and cabling

Controller Crates

P LD

More information in G. D’Angelo’s presentation on THU PM



DFH Instrumentation Flanges and Proximity Equipment

ENGINEERING SPECIFICATION

IFS DESIGN FOR DFHX AND DFHM
WP6A

Abstract
This document summarises the design choices for the layout of the DFHX and DFHM.

Y. Leclercq — EDMS no.
2510343

Prototypes at CERN under tests and validation

‘ H & PHOJECTI More information in J. Fleiter’s presentation on THU PM



DFH Instrumentation Flanges and Proximity Equipment

Should be duplicated
. in PE (for twistin,
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4.3 1.9

emperature [K]

Length 50cm 2.5m 75m 3m 2m :

Material

| DSH

I

I
Voltage taps Vtap Legend Mng cable

Vntsz Y DFH QD

Measured Ueu s —— —_— a 1
Voltages Uspiicer Uga I DFXQD
Threshold | Monitoring (Life)
(preliminary)  100mV  5mV 3mv 20..50mV 20mv | Plug [——1 Nb-Ti/Nb-Ti splice — *M“ MW‘
System UQDS protection Superconducting Uk |1 QDS montering | 1 Spare tap 1 MgB2/Nb-Tisplice =~ —— MgB2cable
Layout UQDS protection Magnet 3 MgB2/HTS splice HTS cable

WP6a

1Cable/PE contains 4 CLs (32 wires). V-taps (pins 1-6):
{EEx011, EE021a), (EEX021, EEX041) “EEX011/012
{EEx031, EExDS1a), {EEx051b, EEX071} - EEx021/022
- EEX041/042 CLs

uaps_A | | uaps_B

1 Cable/PE contains 4 CLs {32 wires) - redundant; .
{EEx012, EEXD22a), {EEX022b, EEX042) Temp. sensors:

]
]
]
]
]
]
I {EEx032, EEx052a), {EEX052b, EEXOT2) TT891a pins 7-10
A L] 1 - TT891b pins 11-14 X19 Leads
]
Cabling g ..g 1 Fischer
fromFs |h_ 7893 Pins 1-4
]
]
]
1

V-taps (pins 1-6):
- EEx031/032 LEMO

e -EEx051/052
Proximity - EEX071/072

. , ., . s " EIQA Patch Panel X19 Leads
More information in J. Fleiter’s .

. e _______ )
presentationon THUPM ~ —---------0: , Equipment || | EZene
IwP9 i (1PEford Cls)" .| msszopmsiiie X9 Cables X10 Leads
1PE for 4x18 kA Leads ’ '
! 1 PE for 347 kA Trims ‘ Fischer 105 A 058 Fischer
! CRYO 3 PE for 1242 kA Leads Temp. sensorst s
: 1 TT836b pins 11-14 @ x1
! | CablecamecadiooniyonePE | Fischer
: ! DFHX 2 Temp. sensors, No Vtaps |
. 20 oo F, Flange 1 —
PEs to be done g g




DSL Refurbishment for the HL-LHC

Cut DSL at 2 locations:

= Sleeves connections, ~12.3 m apart
= =7.6 m before the Q5 branch

Installation of new connection box:
= New splices with the expertise from TE-MSC team

= Analysis on the protection deemed the non-necessity of new V-taps and IFS for the

furbishment
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Updates on HL-LHC Circuit Protection




CLIQ Efficiency Tests at Low Current in the MQXF

3340 T . . ;

3320
—_ Average current
%3300 in the four coils
=
S 3280
= Metric used in the
<3260 analysis:
é’ di/dtin the time window
£ 3240 0.35-0.45s
=
g 3220
=
Q
00903200
&
E 3180

3160 - —&—Meas: 3300 A. t=0: No protection. t=0.5 s: QH+CLIQ

~Meas: 3300 A. t=0: 1000 V CLIQ. t=0.5 s: QH
—e—Meas: 3300 A. t=0: 800 V CLIQ. t=0.5 s: QH Tests done on the MQXFP2
3 140 1 1 1 1 |
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HHL-I!HC LP%EIDT" Courtesy of E. Ravaioli, F. Mangiarotti — MCF no. 94




CLIQ Efficiency Tests at Low Current in the MQXF

dI/dt in the time window 0.35 s<t<0.45 s [A/s]

OK [used to determine
warm circuit params]

1.5

for I<2 kA, and vice versa

No protection 800 V CLIQ only 1000 V CLIQ only
Current [A] . . . .
Measured | Simulated | Measured Slmuiated Slmulfted Measured Slmuiated Slmulfted
frhoi eff—O . 75 frhoi eff— 1 . 5 frhoi eff—O . 75 frhoi eff— 1 . 5
3300 -36 -41 -39 -41 -161 -321 -192 -331
2500 -30 -32 -38 -32 -60 -122 -87 -160
2000 -34 -27 -39 -27 -27 -46 -43 -98
1647 -3 -23 -22 -23 -23 -15 -23 -63
1000 -23 -17 -12 -17 -17 -19 -17 -25
fino,e=0.75 fits better than finoe=0.75 fits better than 1.5

* Effective transverse resistivity (fy,, .¢) influences coupling loss and is a key parameter for CLIQ at low current

* All simulations performed with STEAM-LEDET using f;, . as the only fitting parameter

| » Before the tests, f;, .~1.5 was assumed, which resulted in overestimating CLIQ performance for I<2.5 kA




Current Measurement Solutions for the QDS

Current measurement schemes have been defined for QDS (i.e. symmetric quenches

and current-dependant thresholds)
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More info in J. Steckert’s Talk
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Energy Extraction of the MQSXF

Align the EES discharge resistances of the HL-LHC RQSX3 with the HL-LHC RCDRB
circuits (1.4 Q) in the aim to reduce the variants of the HL-LHC resistances.

HL-LHC Circuits (IP 1 and 5) RQSX3 R.2: Quench protection with Rd = 1.4 Q Courtesy OfM Prioli — WP3 Meeting - link

Number of circuits for HL-LHC . ”f”EEZTiEE{;:‘ 'e:"p)e'a'ure \;\ R.2: Quench protection with Rd = 1.4 O
Magnets per circuit 1x MQSXF s A .
Magnetic length [m] 0.401 - l‘@‘mgm ?‘::ﬂ T " 2?;2 100 Gonignvalu) -l #
Lom [A] 174 s - " %ﬂm_

Latl,, [mH] 1530 Ed - %? e T =
Eoreq at Loy [KJ] 30.8 <D G Tt e + e e e T L
Previous Protection baseline 1.5 Q EES ) = K =
Present Protection baseline 1.4 Q EES 1% larger quenCh load il ™

2 K higher hot spot temperature but still within the 250 K target
10 V higher voltage to ground

HL-LHC Electrical Design Criteria for the High Order Corrector Magnets
ﬁ @\ has been accordingly updated on EDMS no. 2060633 — link
I |

S. Yammine - MCF no. 101 - 2022-05-03


https://indico.cern.ch/event/1140190/
https://edms.cern.ch/document/2060633

Signal Interfaces between HL-LHC Circuit Equipment

p :
ov‘ferlng Quench Discharge Cryo UPS AUG GPM Operator
Failure
SPA

SPA FPA FPA SPA FPA FPA FPA —
Index CIRCUIT NAME SYSTEM Interface Type
1 RQX 18KA B1 === H[-LHC change
2 RTQX1 2kA N/A
3 RTQXA1 60A B1
4 RTQX3 2kA N/A
5 RCBXH1 2kA B1
6 RCBXV1 2KA B1 PIC Interfaces for HL-LHC defined — based on
7 RCBXH2 2kA B1
. ROBX2 A 81 LHC EDMS no. 1001985
9 RCBXH3 2kA B1
10 RCBXV3 2kA B1
1 RD1 14kA B1
12 RQSX3 0.6kA B1
13 RCSX3 120A
14 RCSSX3 120A c
15 RCOX3 120A
16 RCOSX3 120A
17 RCDX3 120A

18 RCDSX3 120A c
ity i , 19 RCTX3 120A Courtesy of A. Antoine — MCF no. 90
HL-LHC PROJECT

20 RCTSX3 120A




Signal Interfaces between HL-LHC Circuit Equipment
In contrast to LHC, the CL TS is routed to the PIC (vs. to the PC in the LHC)

P
owering Quench | Discharge Cryo UPS Operator CLTS
Failure
” ) One Cable to
Lemo connector Fischer connector PIC Rack

Proximity
Equipment

Thermal Switch Position

Courtesy of A. Antoine and J. Fleiter — MCF no. 101



EIQA Program for the HL-LHC IT String Circuits

Hilur

Validate circuits during assembly.

PROCEDURE

Validate the CirCUitS for CO Ol-down and powering. ELQA QUALIFICATION OF SUPERCONDUCTING CIRCUITS IN THE HL-

LHC IT STRING

Acquire working experience on HL-LHC circuits.

Acquire reference values for complete HL-LHC
circuits.

Validate E1QA test procedures and ELQA test
equipment and ensure that the qualification 1s as g
tight as possible.

E1QA 1n the IT String will be as similar to the IS I B
final ELQA 1n the tunnel as possible.

ﬁ EIQA Procedure on EDMS no. 2746933
|




ELQA tests during assembly

TP4-A — Test Procedure 4 type A

MIC-W — Magnet Instrumentation Check at warm
TP4-B — Test Procedure 4 type B

TP4-C — Test Procedure 4 type C

TP4-D — Test Procedure 4 type D

MIC-D - Magnet Instrumentation Check at 80 K
MIC-C - Magnet Instrumentation Check at cold
TP4-E — Test Procedure 4 type E

ELQA tests during commissioning & operation

EIQA Program for the HL-LHC IT String Circuits

TP4-D
TP4-A Mic-w TP4-B TP4-C +MIC-D Mic-C TP4-E
During cool-down,
At At Afte.r e / At80K | Atcold | Atcold
warm warm flushing warm-up

ELQA tests during commissioning

SLC - Superconducting Link Check

MIC-W — Magnet Instrumentation Check

IT-PAQ — Inner Triplet Partial Assembly Qualification
ITIV — Inner Triplet Interconnection Verification

N (S't) 6°T 03 ) 08 umop-|00)

) 08 03 00€ UMop-|00)
Buiamod Jaye pjod 1y

A08 W
Plo3 1
dn-waepy
wiem
umop-|00)

PI02 3¢

More info in M. Bednarek’s
Talk THU AM

Supemod Jaye pjoa 1y
) 00€ 01 ) 08 dn-wiem

dn-waep
A08 W
wiem

ITIC — Inner Triplet Instrumentation Check =
H
2
3
o
HVQ - High Voltage Qualification g
TFM - Transfer Function Measurement z | a
IRC - Instrumentation Resistance Check lificati H §.
ICC - Instrumentation Configuration Check Qualification 5 5
TDR - Time Domain Reflectometry set =
COC - Continuity of Conductor check TP4-A
QHR - Quench Heater Resistance measurement MIC-W
DVC - Diode opening Voltage Check
TSQ — Temperature Sensor Qualification TP4-B
TP4-C
TP4-D
L | MIC-D
HL-LHC PROJECT Mic-c

TP4-E




Documentation




Instrumentation Feedthrough Systems (IFSs)

INTERFACE SPECIFICATIONS

HL-LHC MAGNET CIRCUIT FORUM

INSTRUMENTATION FEEDTHROUGH SYSTEMS FOR THE MQXFA
MAGNETS

Interface Specification Documents: s

Tha documest

o ™
AGAFA magnen, and in partcuar the drtabed pin-cut s <onnecton scheme of the nsramenta

sscumart renecm e

LHC-LMQOXFAE-ES-0001 i
LHC-LMQXFBE-ES-0002

Ongoing work for CP, D1 and D2

Routing of the Instrumentation through the IFS boxes

Example of the Instrumentation
Feedthrough System (IFS) for the MOQXFA

HiLuri ’ More info in G. D’Angelo’s Talk TUE PM Magnets


https://edms.cern.ch/document/2470513/1.2
https://edms.cern.ch/document/2749958/0.1
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HL-LHC General Instrumentation Drawings

Instrumentation Feedthrough System

Q2A

Q2B

Instrumentation Feedthrough System

QHs
Cryo Heaters

Temp.Sensors
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HL-LHC General Instrumentation Drawings — MCF Sharepoint

Courtesy of A. Santiago Ferrer



https://espace.cern.ch/project-HL-LHC-Technical-coordination/MCF/General%20Instrumentation%20Drawing/Forms/AllItems.aspx

Magnets

Cold Powering

MCBXFB.A

UCB_DFX_QXFBA_HU_A UC_QXFBA_HU_A UC_QXFBA_HD_A UCB_QXFBA_HD_DFX_A
Euj EEB24 ceans
Y'Y Y\ Y Y Y
Hu H down
EESZ"‘ P EEB23 EEB26
>
UCB_DFX_QOXFBA_HU_B UC_QxFBA_HU_B UC_QXFBA_HD_B UCB_QXFBA_HD_DFX_B
rempersure o [ T 42 19
! plug
Length 50cm 2.5m 75m 3m 2m :
Material
1
1
Voltage taps ! Vtap Legend
Measured | oFrao
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Example for the MCBXFB.A Corrector Circuits

Courtesy of Jens Steckert and Reiner Denz

Done for all magnet circuits in close collaboration with WP7

HL-LHC General Quench Detection Signal Representation—

MCF Sharepoint



https://espace.cern.ch/project-HL-LHC-Technical-coordination/MCF/General%20Instrumentation%20Drawing/Forms/AllItems.aspx
https://espace.cern.ch/project-HL-LHC-Technical-coordination/MCF/General%20Instrumentation%20Drawing/Forms/AllItems.aspx

Circuit Description in CERN Databases
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LHCLSD Drawings for HL-LHC
Courtesy of Philippe Orlandi

Circuits for the machine are introduced in CERN Layout DB
Courtesy of Uwe Epting, Pedro Pinheiro, Pascal Le Roux and
Markus Zerlauth



https://layout.cern.ch/elements?id=105137&parentId=152604&circuitId=0&version=LS3%201.6&navigator=ELECTRICAL&tab=SMARTEAM_DMU_ELEMENT
https://edms.cern.ch/document/2753671

Concluding Remarks




Concluding Remarks

During the past year, the MCF concentrated increasingly on the detailed design and
implementation of magnet circuits powering and protection in line with the preparation of
the HL-LHC IT String and the pre-series and series components manufacturing.

This detailed approach and studies will continue for the next year, in view of the
important validation of the circuit design in the HL-LHC IT String.

An 1instrumental work was done on the General Instrumentation Drawings and the
General Quench Detection Signal Representation and the introduction of the circuits in
the CERN databases.
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