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Updates from the HL-LHC Magnet Circuit Forum
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Extract from the mandate of the MCF
= MCF is the meeting where all aspects related to powering and -

WP3
A Magnsts
Vacuum & Beam Screen

protection of the HL-LHC magnet circuits are discussed. W \
WP5 N / WP13
Collimation Beam Instrumentation
\ ’ WP14

i T Bear Transfer & Kickers
I tﬂk‘m’

WP15

Integration & (De-installation
WP16
IT String & Commissioning

WP

Energy Deposition & R2E

117 Dipole

WpP12

Logistics & Civi

WP18
Controls

=  MCF 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 71 meetings (17 since last annual meeting), documented with minutes, follow up of actions, etc.

=  MCF is also organizing topical meetings with reduced attendance, 31 meetings have taken place so far

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

= About 50 members are regularly invited
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Mr Polarity and the Magnet Circuit Forum

“...define clear conventions (based on LHC T @\
. . . . . ILumi

experience) and perform the required verifications in L Gty 2

order to ascertain the defined circuit polarities to be EOMS No. 2316942

COherent Wlth the Optlcs layouts and Operatlon Wlth Mandate for the Verification of Polarities of the HL-LHC Magnet System

beamS. .o 7 (Mr/Ms Polarity)

In the context of the HL-LHC project, a number of magnets and of magnetic circuits will be profoundly
modified. The main modifications are:

. . . 1. Q1-Q2-Q3 (Inner Triplet) in IR (Interaction Region) 1 and IRS
[ ] M . POJ er has been nomlnated MI- Polarlty' 2. D1 and D2 (Separation/Recombination dipole pair) in IR1 and IRS
3. All corrector magnets of the Inner Triplets in IP1 and IRS
4. The 11 Tdipoles in the DS (Dispersion Suppressor) right and left of IP (Interaction Point) 7.
5. Small modifications may involve other magnets in IR6
6. Hollow e-lens in IR4
7. Anynew equipment with magnet circuits that may be added to the baseline as, inter alia, LRBB

" Mr Circuit and MCF are always actil’lg ill Close (long-range beam-beam) compensating electrical wires, etc...
collaboration with Mr Polarity. partor th rmired veifkations i order 0 sscart the defnd clre oarke 5 b conaret

with the optics layouts and operation with beams. This will be done in close collaboration with the
concerned WP leaders (WP2 - Accelerator Physics and Performance, WP3 - IR Magnets, WP6A-B - Cold-
Warm Powering, WP7 - Machine Protection, WP9 - Cryogenics, WP 11 - 11T dipole, WP15 - Integration
and Installation, and any other relevant WPs), Operation’s representatives and Mr/Ms. Circuit,
covering the relevant aspects ranging from the design and manufacturing of circuit components to the
assembly of the circuits during construction, tests and hardware commissioning. This applies to both
cold powering components and warm parts of electrical circuits.

To this end, a revision of the existing reference documentation should be performed, and
modifications applied if required. A plan should be prepared in order to have a consistent set of
(notes, gs with electrical sch , etc).

The mandate of Mr/Ms Polarity is i within the k of the ibility of Mr/Ms
Circuit and includes a regular report to the HL-LHC Magnet Circuit Forum (MCF). When necessary,
Mr/Ms Polarity will report to the TCC and to the HL-LHC Project Leader.




Polarities Verification




Circuit Polarities Verification

The reference document for the polarity of the (HL-)LHC ERA2L1 Geneva 23 (_ wcocesomirevs2 )
magnets is the EDMS no. 90041.

AB/CO, LHC/TCP, AT/MEL

the cument No.
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B aperture
Abstract

The aim of this document is to specify the current to field relationship in the LHC
. magnets. It defines the resultant field for a current enterlng a given terminal. A simple
Dlpole Quadrupole set of rules is given followed by di ion to each type of

magnet
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Circuit Polarities Verification

High Order Correctors in HL-LHC

11T MBH - Diode and Trim

Current routing in the ccEId masses

ead A Connection box for Q2

=
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R R* Qj;

LHC-DC-ES-0001 rev 3.2 Focus. Quad.

The pole connections, polarities
and leads labelling defined on
Ihcimgxf_e0001 are correct.

The scheme of connection
between poles is extremely clear
and the connections are made on
different planes wrt the end plate.
Also, the rigidity of the bus-bars
guarantees that no inversion can
be made on the terminals when

coming out of the cold mass.
Nevertheless mistakes are always
possible

Front view
1m

i

different ion, same

‘American’ type of connection:

HL-LHC: DECISION MANAGEMENT

POLARITY OF HIGH ORDER CORRECTORS
IN WP3 HL-LHC MAGNETS

Avstract
This s for the polarity high

.
The 30 and 2D cross sectien views of each cormecter magnet (frent and rearfeary o with
respect to the LHC magnet polarties rules (LHC MAGNET POLARITIES, EDIMS B

i 3 sde
w 6

Date: 2020-00-16
Verffiad by: i Musso, H. Prin, M. Pojer Date: 2020-04-4%
Approved by: F. Rodriguez Mateos, £, Todesco, A Devred Date: 2020-04-X%
Distribution: 5. Yammine, D. Wollmann,

Rev. No. Date. v, ges in EDAS)
10 281113 First draft
11 20200416 Second draft after diseussion

This docunent is prited. Check the £ thisis before use

Courtesy of M. Pojer
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Updates on Circuit Protection




I 117 Dipole

[] TypeA Dipole
I TypeB Dipole

I 117 Dipole

- Type A Dipole
- Type B Dipole

RTB9.L7
MBH.A9L7

11T Integration and Protection Scheme
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11T Integration and Protection Scheme

AAT AN | ~Anir .

(c' Madification of nQOPS in the 11T reaion

ELQA tests description: connection to the LHC
Tables updated a "
with peak power, tRC, -
At the time of m: energy. Validated by WP11 M B H B 02 I HStaI I ed in L7
number of ELQ (Nominal DQHDS voltaae must be ~ 840 V)
connection of m Parameters Values at extreme cases
Interconnection
(PAQ) Wlll be app Quench heater R@ 1.9K [Q] 3.53 3.90
The goal of these QH powering leads R @ RT [Q] 1.13 1.13
ussTPL| ow of the different sl Total Resistance @ 77 & 1.9K [0 466 503
UBBTP2 ] .
[ PC PC_| magnets' Minimum Charging Voitage (Min CV) [V]* 810*
i3 £ PC_DI " LiIlC N circuits Maximum Charging Voltage (Max CV) [V] 847
- SpOOlS creuits Quench heater current [A] 182 for MAX CV 161 fornancv
= Main quadrupdg for MIN CV
: 2.25 e for MAX CV
And also the activ]  Energy dolivered to the heater strp icm2] e 2.80 aversge O
= 11 T dipole ma| e winbiod
e 30
600 A correctoy . — — 35
included
for MIN CV for MAX CV
Peak power density [W/cm2] 131 average QH 184 sverags OH
101 inaHFaH 226 inatFoH
f , * 810 V is the proposed voltage for interlock
‘ h!»&%@x‘ The Min voltage provided by the DQHDS considering tolerances ~ 830 V

Courtesy of J. Steckert, A. Antoine, G. D’Angelo, D. Carrillo, E. Nowak et al.




Confirmation of 120 A Circuit Protection Scheme

Powered from the RRs
(Same circuits

Powered from the URs

QP oL th + CLI IQ + Cold Diodes parameters as in LHC)
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Confirmation of 120 A Circuit Protection Scheme

LHC120A-10V reminder: Rack with 2x or 4x converters: i a7 @

P
N ) ILury prterll I DanrT
s o &
' ™
ENGINEERING SPECIFICATION

—— — H H H QUENCH PROTECTION STUDY FOR THE HI-LUMINOSITY LHC HIGH
| Po Simulation results, series magnets ORDER CORRECTORMAGNETS
| ]
| = Fai Current Lead: Converter in charge il S e o S e &
" fon strategy is expinined and the: results of the simulstions are shown. The quend
| Power Co . . ml.'.‘n..... inai cperation, in case of railure of emence ion 5
|| Somerr ot . Converter in charge of magnet protection cion sy o v i oo gt s g
utpul je=| ™ nets.
[ = Converter reads the differential voltage across current leads (2/ circuit)
| . . - .
| Mag = When this voltage is above an agreed limit, converter trips.
i . . .
e e [ = Design must cope with earthing system common mode voltage +
Vond magnet differential voltage, reading mV across long distances.
® V.CL High
12p (N): E R.cable p——

ariotta Dote: 20200304

b sorsi Dote: 2020-05-22

Power

: Pm Converter

M. sorsi Dote: 2020-03-22

Vout Magnet

R.cable
V‘CL‘ Low

ol Courtesy of Y. Thurel and M. Prioli Y
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Energy Extraction for MCBXFA/B

QP: QHs

Powered from the RRs
(Same circuits
1Q + Cold Diodes parameters as in LHC)

Powered from the URs

QP: OLQHs + C
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Energy Extraction for MCBXFA /B

Triplet corrector: MCBXFB (1.2 m)

Quench arinin in neak fisld

MCBXFA/B busbar

Surtace: Magnetic flux density norm (T)

haWakaoh +4F =kl LI 2.1 Pk |

h W Fahah ¥4 mhal

been presented in MCF

THE PROPOSAL
» ECR to add the energy extraction to the MCBXFA circuit has

. EOMSHO. | REV. | vauDITY
HiLumi 236006 | 1.0 VAUD
N ‘ e Freen =
> REFERENCE : LHC-00-£C-0008

HL — LHC Engineering Change Request
Energy Extraction Systems for HL-LHC RCBX Circuits

ECR DESCRIPTION

= Q1 Q2a
‘oc Qi)
MCBXFB
x2

Q2b

MQXFB

Circuits Layout if ECR Accepted

Q3 CP
[0 CI0m
oc (Q3)
MCBXFA

\1|

0.15Q

uonovax 5] A3saus

HiLumi HilLumi Itips: / Vespace.cern.ch/project- HL-LHC- Technical-coordination / MCF / CircuitDocuments/ Hilumi_Circuits_Layout. pdf
‘ HiLum 1iIeE Pkt s A

WP Originator | Magnet Circult Forum (MCF) Pracess Engincering
Equipment | HL-LHC Circults with MCBXFS Magnets | Baseline affected Scope and Cost
Drawing WA Date of tssue. 20200331
Document | wja ct responsible
o WP, WP, WSO WFT, WIS WPLS, | oy o version 0.1
Detailed
The HLLHC inner triplet dipole correctors consist of two types of magnets, the MCaXEal 3 These
of an inner dipol ol ipole

that provides a horizontal correction field. The MCEXFA, with a magnetic jof
corrector package whereas the MCBXFB, with a magnetic length of 1.
assemblies. line pri t

by means of a 0.3 O energy extraction system and the proig
protection. All mentianed magnets will be equipped wil
tap in the mid-paint of the coil to assure reliable pagll

ipact are detailed in the present document.

3

Horizontal / Quter | Vertical / Inner | Horizontal / Outer
4 8 8
pel 1 MCEXFA 1 MCEXFB 1x MCBXFB
Magn. length 22 12 12
o [A] 1584 1302 1625 1478
L3t Lo [mH] 107 232 En 125
Evioea 3t o [KI] 134 239 7 143
Protection baseline o3nEE/ 030EE/ Self protected / | Self protected /
prior to the present ECR | 0,025 0 crowbar | 0.025 0 crowbar | 0.025 0 crowbiar | 0.025 0 crowbar
Protection baselineif | 015 D EE/ 0.150EE/ 0150 EE/ 015 0EE/
present ECR accepted | 0.025 0 crowbar | 0.025 A crowbar | 0.025 0 crowhar _| 0.025 0 crowbar

Courtesy of A. Verweij, M. Mentink, V. Herrero, E. Todesco et al.
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CLIQ and K-mod Feeders

: QP: QHs
Powered from the URy [Powered from the RRs
(Same circuits 25 e e
QP: OL QHs + CLIQ + Cold Dindes parameters as in LHC)
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CLIQ and K-mod Feeders
&

The CLIQ Feeders Design (1) O =

namic and Static performance must be considered

2279955 V.1

Date: 28.09.2020

D

MEASUREMENT RUN REPORT

\ L Q HL-LHC K-mod current feeders
Cryolab thermal performance test
Electncal Quotj Assuren

The k-mod Feeders Design (2)

... At the very crowed and confined area at the level of Q1

Prepared by ¢ Checked by : Approved by :
). Uberadzka T. Koettig

EDMS Doc. Nr. 2279955

MCF 31/03/2020, Mateusz Bednarek, TE/MPE-EE

Courtesy of J. Liberadzka, L. Williams, J. Ludwin, M. Bednarek and G. D’Angelo SY



Circuit Instrumentation and Review of Sep-2020

HL-LHC Circuit Instrumentation Review

Inner triplet circuit busbar v-taps proposal ver.2 (prior to review)

I e »
, S g A (
-SRI N i 1 B i -
Wigs - b = —= Timetable The scope of the review is the instrumentation of the s.c. magnet circuits of the Inner Triplet, D1,D2 as
NO-TUNG-TU o S l‘j j Contibudre e well as all the related correctors. The review includes quench protection and monitoring voltage taps, as
Monitorng 3 o
o e - well as cryogenic instrumentation
| Participant List
The review does not Include the Instrumentation of the 11T MBH magnets.
- - e o i Videoonierence \oees ItIs recommended to have & review of the from 2 gl point rather thy p
— by Work Package. A glabal, circult approach is necessary In order 1o look at the detalls of quench
- ‘ ‘ | detection for all the components, from colls to the warm part of the current leads through every single
Q1 Q2a Qzb part
1 i1l 22 )\ - I e Given this global approach, the Review Is organized under the umbrella of the Magnet Circuit Forum. It
%~ 1= = =R = =) . should be a DDR (Detalled Design Review). Aspects related to the status of procurement are relevant
i and could also be part of the review.
0| SN W U] ) A 1By il - - The results of the Review will be reported 1o the TE Department Head and the HL-LHC Project Leader,
] 1 — I and presented at TCC.
- =
\ f =
o o e - Panel and Sc. Secretary
e * Markus Zerlauth - Chair
| * Luca Bottura
nss + Mirko Pojer
« Andrzej Siemko
* Rob Van Weelderen
* Samer Yammine - Scientific Secretary
Inner triplet circuit busbar v-taps proposal ver.7 (incl Review Recommendations) o

The mandate given 10 the Panel Is as fol

« Assess on the soundness of the inf

i fequirements given by protection, .
R3: A coherent documentation of the overall circuit instrumentation quex o B D ai isctic Execuﬂve Summary
must be ished, shared and app all Wps Ny / \ z‘spketls of i:ngthevm rellabnl;g:
(including all protection as well as monitoring needs) Se— “ Bt b b i 2 .
: 8 - \ ;]°" 2 ?T . e cruation « The panel would like to thank and congratulate the organisers, speakers
hitps://edms.cem.ch/document/2411822/1 - j i « Recommend actions on open poin| s s : . .
i ) o and participants for their efforts in the preparation and conduction of
i - this important review for the HL-LHC instrumentation
o o s &
NG W & ore « We have been presented with a comprehensive overview of the current
at azn ce oFX ” | understanding of the instrumentation baseline and associated hardware
B ® . o H I, E— developments
S et
U | " I A ! I | . |8 H s oI « The panel considers this a first functional review of the instrumentation,
] 1 1 ‘ g [ o allowing to converge and approve the instrumentation baseline for the
s [ { . ‘ : ‘ s ‘ | I [ = machine configuration

« Adetailed design review should be conducted in the near future
]

RS-ty Indico Event no. 948311
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https://indico.cern.ch/event/948311/

Circuit Instrumentation and Review of Sep-2020

Coverti - ] 1 \
Magnet IFS Nacegii' ~ mpe | RawifnBo | 19 ) Feedthrough pins needed
o | - r4 W o HV Feedthroughs LV Feedthroughs
I . Spare HV | Spare HV | Spare HV
| Feedthrou | Feedthrou | Feedthrou| Spare LV |
| ghsin ghsin ghsin |Feedthro
| 1 present | proposed | proposed ughs
i design: | scheme: | scheme: |(4pins)in
Vtap TotalHV | NbTT | NbTT NbTTLV | 48/18 pins | 48/30 pins | 48/26 pins | present
— : Dimensions (mm) | (old value) Comment QH EH (old value) |sensors| wires | connectors | forlL/S forL/S forL/S design
{ — QlA-1 L- Type 402.5x 310x 110 21 16 4 41 2 8 2 7 7 7 2 |
QlB Q1B-1 L- Type 402.5x 310x 110 20 16 4 40 2 8 2 8 8 8 2 h
Q2A-1 S- Type 280.0x 230 x 110 12 12 vtaps for MCBXFBs 12 0 6 18 14 5
Q2A 23 vtaps based on version AC (in-work)
Q2A-2 L- Type 402.5x 310x 110 22 https://edms.cern.ch/document/2002347/AC 16 4 42 2 8 2 6 6 6 2
23 vtaps based on version AC (in-work
Q2B C2Ee2 =157 B S 22 https:/p/edms.cern.ch/docume(nt/2002247/AC L & o d g 2 € € €
Q2B-1 S- Type 280.0x 230x 110 12 12 vtaps for MCBXFBs 12 0 6 18 14
Q3A Q3A-1 L- Type 402.5x 310x 110 21 16 4 41 2 8 2 7 7 7
Q3B Q3B-1 L- Type 402.5x 310x 110 20 16 4 40 2 8 2 8
48 vtaps for 120A circuits based on
cp G LeThge S = https://edms.cern.ch/document/2058711/0 E c 0 0 C
cP-2 S-Type | 280.0x 230 110 » i:c\g:;): ant;e\/r:aa,:s’\ﬁg:?: fp\lli?ep: internal 4 2 1 4 1 -8 a 0
D1 D1 S - Type 280.0x 230 x 110 8 8 Vtaps for MB 8 4 20 4 16 4 -2 10 6
D2-1 L- Type 402.5x 310x 110 10 MBRD dipole Vtaps 16 4 30 2 8 2 18 18 18
b2 D2-2 L- Type 402.5x 310x 110 32 MCBRDs 4 corr. x 8 Vtaps 32 2 8 2 16 16 16

EDMS Doc. Nr. 2411822

L-LHE PRouEcT 7 Courtesy of G. D’Angelo
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HL-LHC High Voltage Withstand Levels

Abstract

EBMS NO_ REV. | VALIDITY
'REFERENCE : LHC-MCBXF-E5-0004 j
- B
- | - 15 NO.
EN v e ]
N i
~1 Simulations ~

I @ P
ELECTRI! B

This document descri

VALIDITY

EDMS NO. ‘ REV. ‘
52 AL

Vslm {ground)
Vslrn [heater)

REFERENCE : LHC-MOXF-£5-0001
US HLLHC AUPH: US-HiLumi-doc 873

ENGINEERING SPECIFICATION

Distribution: R. Denz,

presented here will be
commissianing as st

g y
HC INNER TRIPLET

ELECTRICAL DESIGN CRITERIA FOR

s NOC [y

Dote: 2019.12:17

Vtesm {heater)

Date: 20191112

Date: 20191125

Description of Changes

Tunnel Stage

2018.02.09 First draft version

02 2080022 Second drat version including corrections and changes to text by M Mentink

03 20130828 Third

by G Ambrasio

0a 20180328 Fourth draft version after meeting on prototype tests in BNL

12%V,. [ Max {1.2*Voim nm 5 Ve 1 |
Viesta [ground) Viests {ground)

|
—
A
|
|
|
|
|
N

Table 7. Intermediate temperature test in gaseous helium at 1.2+0.2 bar.

[ Manufacturing Facilities |

| and Test Stations Stage | - \
w b L
2%V 500 | | 2%Veews |
e
Vtestl (ground) Vtestz [(ground)
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Table 6. Intermediate temperature test in gaseous helium at 3.0£0.2 bar.

Test

Temperature [K] Voltage [V]

11T

Coil-to-ground
Coil-to-quench heater

200+ 20 800

Courtesy of T. Da Rosa, M. Bednarek and F. Rodriguez Mateos
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Circuit Disconnector Boxes
High Current Bus Bars and Insulated Heat Sinks

to Power Converters

Water Cooled Cables

HL - LHC Engineering Change Request
Circuit Disconnector Boxes

tho comect manipuiat

Air Cooled Cables
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Update of Integration of Warm Powering in URs

DFHX Cluster — 1R and 5R Integration

DFAX
Transformers I:x DFFIX current leads.
[8_| PoX grid esentation)
1BKA HTS Cnnem Lead for ROX

the URx5

CBX HIN1
A

Y Y e e e ey ey ey e e

DFHM Cluster - 1R and 5R Integration

HCRYCHB FEC rack

+ RCBX layout done to
get the best
combination between
highest inductance
circuit (H3) with lowest
_ resistance to have the
optimal margin for

~ DFHM
> ‘Rack control DFFM current leads.
X Transformers for DFHM current leads
DFHM valves and heal exchanger
Water cooled busbars for RD2
[ _Air cooled cables for RCBRD
| 1P2X grid (WP15 representation
DB 14kA RD2

=
&

olaa]
51213

53_| 2 x CDB 600A RCBRDHANA BT z
54| 2 x CDB 600A RCBRDH4NV4 B2 ‘t operation. !
55 _|_CDB Earthing System * Vertical space is very
56 DB Electronics and PLC limited, installation
57_|_Air cooled cables for RCBRD. order is critical.
58 | 2 x PC 600A RCBRDHA4/V4 BT
[59]
_[60

[61 ]
[62 | RD2 Water Cooled Cables
63_| RYABC Rack measurement for 14kA X Water Cooled Cables
[64 | PC 14kA RD2 codled cables for RCBX & RTQX_| [20 18KA RQX Inner Tripiet

1P2X grid (WP15 21| PC 2xA RTQX3

| COB14KARDY 11221 PC2kARTOX1

CDB 18KkA ROX 25 | RYABC Rack measurement for 18kA

2 x CDB 2kA RCBX H2NZ 26 | RYABC Rack measurement for 14kA

2 x CDB 2kA RTQX1/3 27 | RD1 Water Cooled Cables

|2 x CDB 2A RCBX HAV3 28 | PC 14kA RD1

2 x CDB 2kA RCBX HIN1 31 | Energy Extraction RCBXV3

CDB RTQXA13 32 | PC 2kA RCBXV3

COB 35 | Energy Extraction RCBXVZ

COB Electronics and PLC 36 | PC 2kA RCBXV2
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Concluding Remarks and Outlook

In a very collaborative atmosphere under the umbrella of the MCF, the protection studies
of HL-LHC magnet circuits are completed and main parameters are defined.

Up to the Circuit Review of September 2019 and the 9% Collaboration Meeting, the focus
was on the finalization of the conceptual design of the circuits.

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 string and the pre-series and series components manufacturing.

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