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Recall from the HL-LHC Instrumentation Review 2020




Extract from the Pannel Report (EDMS 2431168)

Clarify the level of quench heater redundancy for the D1 magnet (i.e. number of quench  Out of Scope of

heaters necessary for nominal operation in tunnel) the Day

R2 Connection method of (redundant) V-taps should be clearly defined, documented and See talk by
coherently applied for all circuit parts Herve,Yann,

Christian

R3 A coherent documentation of the overall circuit instrumentation must be established, Covered by this
shared and approved between all WPs (including all protection as well as monitoring talk
needs)

R4 CLIQ leads and (identical) k-mod leads are to be included in the protection baseline Covered by this
(through monitoring during discharge/powering) talk

R5 The responsibilities for proximity equipment must be clarified and synergies exploited Covered by this
between the involved WPs. The development of ‘ELQA measurement ports’ is talk
supported. + see talk by Jens

in the afternoon

R6 The IFS systems are to be considered and optimised as a global, integrated system, see talk by Giorgio
including flanges, connections on both warm and cold sides as well as cabling and
ancillaries


https://edms.cern.ch/document/2431168/1.0

R9

R10

R11

Extract from the Pannel Report (EDMS 2431168)

The detailed design of the instrumentation interconnection box should be
addressed rapidly as one of the complex and important items to be integrated.

The use of a standard IFS solution for the V-taps (in particular on DFX/M and
DFHX/M) should be investigated. The use of the LEMO connector type for
temperature sensors on current leads should be reconsidered.

Based on new instrumentation baseline endorsed by the review panel, conduct
a final optimization of cover flange types, aiming as well at reducing the
number of spare feed-throughs.

A thorough QA process along with the setup of a dedicated test program and
planning is mandatory to assure the quality of HL-LHC flanges to match at
least that of the LHC flanges.

The D2 and MCBRD currently foresees redundant V-taps for splice monitoring.
The same strategy as for all other circuits should be applied for series
(redundant for protection, single for monitoring).

See talk by Giorgio
on IFS + Talk of Jens
on QDS Patch Panel
+ Talk of Chrisitan on
Splitting Modules

See talk by Giorgio
on IFS

+ Talk of Chrisitan on
cold powering
instrumentaiton

See talk by Giorgio
on IFS

See talk by Herve

Covered by this talk



https://edms.cern.ch/document/2431168/1.0

Extract from the Pannel Report (EDMS 2431168)

R13

R14

R15

R16

R17

Internal magnet splices do not require to be monitored individually. External splices of
main circuits (IT, D1, D2) should be monitored as they can be repaired in situ

Monitoring of all splices in the superconducting link is justified due to the novel
materials and possibility of in-situ repair. It is recommended to reduce to single
monitoring V-taps.

Series magnets shall contain only nominal instrumentation. Additional sensors that
may still remain from test setups should be terminated suitably with test and operation
requirements

Establish and approve an agreed project baseline and protection scheme (including
CRYO/SW interlocks) for the machine, among WP6a, WP7 and WP9, aiming at a
considerable optimisation of necessary instrumentation

Review and document rationale behind modified choice of instrumentation wires for
QH and cryo-heater in view of capillary integration

Clarify and document QA procedures for acceptance of instrumentation wires, as they
were not presented during the review

Covered by this
talk

Covered by this
talk

Covered by
Herve’s talk

Covered by this
talk + talk by
Marco + talk by
Christian

See Herve’s talk

See Herve’s talk +
Christian’s talk


https://edms.cern.ch/document/2431168/1.0

Layouts for the HL-LHC Quench Detection Instrumentation
and Signals



Individual Component Instrumentation
Drawings
(WP3/WP6a)

=

Circuit Instrumentation and Signal Layouts Workflow

Interface Specification Documents —
Instrumentation Feedthrough System
(WP3/WP6a/WP7)

HL-LHC

Layouts

Checked &

General Instrumentation and Signals | —— | Approved by WPs +

Users + PO HL-LHC

Managed by A. Santiago Ferrer on behalf of the MCF

I

Quench Detection Requirements
(WP3/WP6a/WP7/MCF)




Overview of the General Instrumentation Layouts R3

R15
Proposed to provide a full picture of the HL-LHC magnet and cold powering

iInstrumentation

Support for a wide-range of users (EIQA team, IFS box design and intervention,
magnet & cold powering builders, circuit operators or circuit analysis)

In Engineering Check

GIL for the Inner GIL for the Matching Quech Detection Signal
Triplet & D1 at Points Section at Points 1 and 5: Representation for the Inner
1 and 5: Triplet, D1 & D2 magnets:
LHCILSDIX0001 LHCIL.SDIMO0001 LHCI.SDIQ0001

R3: A coherent documentation of the overall circuit instrumentation must be established,
shared and approved between all WPs (including all protection as well as monitoring needs)

R15: Establish and approve an agreed project baseline and protection scheme (including
CRYO/SW interlocks) for the machine, among WP6a, WP7 and WP9, aiming at a considerable

optimisation of necessary instrumentation



https://plm.cern.ch/?StartItem=CAD:45BBB0ECBCE2489FA297C4D2156A3D1D
https://plm.cern.ch/prod/?StartItem=CAD:152A7E99E1744E8DA1C1F3AC65AE5C62:current
https://plm.cern.ch/prod/?StartItem=CAD:4A0212C4BF584ABBBD6680D880165C9B

Layout 1 - Inner Triplet and D1 at Points 1 and 5 R3
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Layout 1 — Zoom on the different components
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Layout 1 — Zoom on the different components
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Layout 1 — Zoom on the different components

QUENCH HEATERS, (

QHS - LMQXF Cq

Qi
POLE 2
POLE 3

2

CONVENTIONS

[ - w: Magnet.

- Q1-Q3, D1, Orbit Correctors: EEway
- Comrector Package: EEwtxy

- Cold Diodes: EEDxp

~ Quench Heaters: YTwxyz or YTxyz.
- Busbar laballing: &.9. DCCXF.clm.3

- Current Leads: e.g. DFLHB.URMS.Xim.9
- Splitting madules: ¢.g. DFISH.YURmS.Xim

hwa(m hwwmw) -

for the Cold Dides

LA/18 for Magrats QLA & Q18
wW2E 828
34/38 for Magnets G3A B Q3B
Considering the diode's anode as reference
for the taps,

for the Quench Heaters.
1, upper pole.
2. lower pole

[for 1
1 for Main Magnet 1
e il
3, pole 2 o pole 4
- xt V-tap pasition 4, pole 4 o pole 1
e 5/ pue 1t ext
-y V-tap I 6, retum bus
Lo it Ve for CLIQ and K-mod
9 for rinth V-tap 7
& Magnet type, Nbr poles /2 For et
1 for dipole. 1, extemal magnet
Zfor 2, internal magnet
3 for sextupele
or ncnpoie for Corrector Package.
5 e dacsoo o
efor 7, warm side
p: Diade terminal —
< Halfcall 1, entry to upper pole
ot -
o fourth hatf cel
- d: Curent Lead ID incrementation ~ |
« From 110,19 for ayo for CLIQ and K-mod
- From A to T (skipping H) for 14 for UG
the V-taps L -8 for K-mod
-l P side the Corrector Package Cls
Lfor ket 14 for Comrector
Rfor right 5 -8 for Skew corrector
- Sector = -
1 for Sector 1 r
n 2 for 14ap anede:
B for Sector 3 for 1-tap cathode
- Techaiea glery umber Hor v e
i 6 for QIB outer's diode V-2
7 for Q1A outer's dinde V-top
- 2: Magnet.

References for Magnet Drawings:

- LHCLMQXF_E0001
- LHCLMCXFE0001
- LHCLMBXFE0024

Reference for Cold Powering Instrumentation:

- EDMS no. 2512704

References for IFSs + Flanges:

- LHC-LMQXFAE-ES-0001
- LHC-LMQXFBE-ES-0002
- LHC-LMCXFE-ES-0001

- LHC-LMBRDE-ES-0001

- LHC-LDQD-ES-0004
- LHC-DQDQX-ES-0001
- LHC-DFX-ES-0007

- LHC-DFH-ES-0004

Reference for the CLs & Circuit Assignments:

- LHC-DFH-ER-0001
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Cold Powering
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Instrumentation
V-taps
+
Polarities

iL | ’
HL-LHC PROJECT

Layout 2 - Matching Section at Points 1 and 5
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R3
R15

Corrector
Magnets
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| Representation
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ORBIT CORRECTORS

HL-LHC General Quench Detection Signal Representation

Layout 3 - Quench Detection

Cold / Warm
Diodes
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Layout 3 - Zoom on the d
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Layout 3 - Zoom on the different components

LHC-LMQXFBE-ES-0002 Signal reading direction

Signal reading direction
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fferent components

Layout 3 - Zoom on the d
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Answered Recommendations in the Layouts — Protection and R12

Monitoring R13
1-Q2A-Q2B-Q3
CLs DFHX DCM Q ?nagnQets Q
(DFISH.1.X) (DFISH.1.X) DIILFA.4) (DIIMF.4) Return Busbar R
V-taps duplicated at the Splitting V-taps dublicated at the Solittina P S — § ; T FE = — The protection Of the
. < < | | jpa= CLs, HTS, MgB, and
- H- the HTS-MgB,, splices
] ] ] i = ————— = — is done with redundant
Ezcf R ‘E T signals
1 = L 1 | ez ¥ Protection of the bus bar
%’ e @U VAN 2 from the DFX/M to the
SE NI J Magnet done with
- o~

redundant signals

gl e
Cold Diodes = E
g
NbTI
NbTi

L]

EE A022b <
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EE Ap42| EE A032

—

E AD12 EE AD72

MgB,-NbTi splice and
the NbTi-NbTi splice in
the DFX monitored by a
\ non-redundant signal

EE p022a

EE A052a L4

EE A052b

UL_Q1_Link_Main_MGB2_B

|
|

R12: External splices of main circuits (IT, D1, D2) should be monitored as they can be repaired in situ

UL_Q1_Link_Main_Splice_B

UL_Q1_Link_Main_|Cu_B
UL_Q1_Link_Main_HTS_B

High current splices
(IT, D1, D2)
can be diagnosed
offline by the EIQA on

R13: Monitoring of all splices in the superconducting link is justified due to the novel materials and
g P P g J the QDS Patch Panel

possibility of in-situ repair. It is recommended to reduce to single monitoring V-taps




Monitoring Signals for CLIQ

. K-mod, Cold Diodes and Warm Diodes

Warm Diodes

R4
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R4: CLIQ leads and (identical) k-mod leads are
to be included in the protection baseline
(through monitoring during discharge/powering)



Signal reading direction

B2,

uplicated at the IFS level

UL_MCBRDVB_U30_Cu_A
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UL_MCBRDVE_U30_MGI

UL_MCBRDVB_U30_Splice,
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s

Protection and Monitoring of the D2 Correctors

DSHM
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EE CO71

V-taps duplicated at the IFS level

R11

Signal reading direction
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Extremity V-taps of the magnet duplicated
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Remark: The HL-LHC convention of of the signal reading is
from the current leads to the magnet mid-point as baseline.
except for D2 correctors as it was possible to introduce V-taps to
measure 30 %, 40 % and 30 % of coil voltage (CCT magnet)

—
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Example for MCBRD circuits
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-
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R11: The D2 and MCBRD currently foresees
redundant V-taps for splice monitoring. The same
strategy as for all other circuits should be applied
for series (redundant for protection, single for
monitoring)



NB,Sn Splices for the MQXFB magnets R12

Q1 . .
* In September 2020, the HL-LHC Instrumentation review
e MQXFAA  MQXFA.B (indico 948311) recommended not to monitor internal splices
co dmenn . Meosen o in the tunnel
| e P3 ik _ _
}' % ke 19 ] * In spring of 2021, MQXFBP2 was tested, and it was
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E Tnner Layer Toner Layer | o1 E . . . [
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;I-I _— P1 P1:l:;m1 e 'IE%I requirements for detection, the internal V-taps will be replaced
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R12: Internal magnet splices do not require to be monitored individually


https://indico.cern.ch/event/948311/timetable/#20200901

DSL Refurbishment for the HL-LHC

DSL will be refurbished for the HL-LHC to translate Q4 and Q5 to the non-IP side:

= Sleeves connections, =12.3 m apart

Installation of new connection (splice) box:
= New splices (for 6 kA and 600 A bus bars) with the expertise from TE-MSC team

New Splices will be protected in the chain with the other splices/bus bars
No additional V-taps or IFS are required

DFBL

Nb-Ti 600 A cable Nb-Ti 6 kA cable DSL
|
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HL-LHC: Translate Q4 & Q5 10.5 m towards Q6 |' Key
1) Current LHC splice
uuuuuuuuuu L__00 O Future HL-LHC splice NOTE: LHC Q4 shares cryostat with D2, HL-LHC Q4 will be standalone
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Overview on the Instrumentation Routing




More details in Giorgio’s talk
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IFS for DFX/M and Splitting Modules of the DFHX/M R8

Engineering Specification: IFS Design for DFHX and DFHM

The solution of using the HL-LHC standard flanges requires space not compatible with the transport
requirement. In addition, the routing of cables and potential access for inspection would not be granted.

A solution gathering signals with the same potential on common
connectors is more compact and compliant with the available space

LHCDIILFB0002
DFXIFS 3.1

LHCDIILFA0002
DFXIFS 3.2

Integration study considering the 2 and 4 L-type IFS solutions for the DFHX

More details in Christian’s talk

R8: The use of a standard IFS solution for the V-taps (in particular on DFX/M and DFHX/M) should be investigated.
The use of the LEMO connector type for temperature sensors on current leads should be reconsidered


https://edms.cern.ch/document/2510343/1.0

R5
Splitting Modules of the DFHX/M

Splitting Modules (DFHX)
1 unit for the 18 kA leads

1 unit for the Trim leads
3 units for the correctors

V-taps and Temp
sensors from
flanges + CLs

|

|

I QDS Input I CRG
I Patch Panel 'l Electronics
|

|

|

R5: The responsibilities for proximity equipment must be clarified
and synergies exploited between the involved WPs. The
development of ‘ELQA measurement ports’ is supported.




IFS Routing for the Corrector Package
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https://edms.cern.ch/document/2598227/1.0

IFS Routing for Warm V-taps for CLIQ and k-mod feeders R4
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Monitoring signals for CLIQ and k-mod
included in the QDS Protection Scheme Patch Panel

The V-taps on the CLIQ and k-mod feeders go

_ _ inside the IFS box through a connector and they
R4: CLIQ leads and (identical) k-mod leads are are rerouted internally

to be included in the protection baseline
(through monitoring during discharge/powering)




Conclusions

Three instrumentation layouts have been proposed to reply to the
recommendations in the Instrumentation Review 2020.

Support for a wide-range of users (EIQA team, IFS box design and
Intervention, magnet & cold powering builders, circuit operators or
circuit analysis)

Routing of the instrumentation inside the helium environment has

been introduced highlighting the different configurations for the HL-
LHC

HilLumi )
‘ HL-LHE PROJECT



Thank you for your attention




