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Outline

• Instrumentation sensors installation and wires 

connection, routing and testing

• IFS flanges overview and validation 

• Documentation of magnet instrumentation
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What kind of instrumentation and associated 

wire types are inside the cold masses?
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Electric Cryogenic Mechanic

Voltage taps (EE)

AWG26

Temp. sensors (TE or TT)

AWG30

Strain gauges

Quench heaters (YT)

AWG18

Cryo-heaters (EH)

AWG20

Optical fibres

Current taps (EE)

AWG20

Level sensors (LE)

AWG30

Pressure sensors (PT)

AWG30

Instrumentation Feedthrough System (IFS):
▪ Electrical and mechanical connection of the instrument wires between the

magnets in liquid helium and the outside of the vacuum vessel (RT)

▪ Simplicity of integration

▪ Optimal access during testing and commissioning

▪ To withstand Voltage and sustain reliability during the lifetime of the machine

▪ Minimized heat load to superfluid helium



Signal routings and component designations
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Cover flange (He gas, RT)

IFS box (air, RT)

Capillary (HeII 1.9K to gas RT)

Warm head (He gas, RT)

Cold head (HeII 1.9K)

1st IFS for MQXFA (Q1/Q3) 

or MQXFB (Q2)

and TT + EH
2nd IFS for MQXFA (Q1/Q3)

and TT + EH

or MCBXFB (Q2)

2 IFS for MCBXFA and HO corr.

and TT + EH 1 IFS for MCBXF and TT + EH

1

1

3

2

4

5



Voltage Tap Wire Installations and Connections
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LHC-LMQXFB-FP-0017 (edms 2378097) Chapters 6, 8.2, 8.4 & 8.5



Quench Heater Wire Connections to the Strips 
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LHC-MQXFBC-FP-0017 (edms 1726065) Chapters 6.22



Temperature sensors (TT)

▪ 16 CERNOX thermometers will be installed in triplet string,

▪ 64 wires (Ø 0.255mm) to be routed outside the cryostats via IFS capillaries to the

cover flanges,

▪ 2 AWG 30 (4 twisted wires Ø 1.6 mm) per capillary except in the Corrector package,

▪ Signals routed through the IFS capillary to connected LV feedthrough,

▪ Fermilab requested four additional temperature sensors to better monitor the

temperature gradient in the Q1/Q3 cold mass assembly and to maintain the gradient

between the magnet ends during cold tests.

▪ Sensors screwed on the

laminations according to installation

guide LHC-QIT-AP-0002.

▪ Wires routed via the same grooves,

between the laminations and the

aluminium shells, and glued at the

level of the accessible slots.

▪ Extra-length added between the

glued points to compensate the

differential in thermal contraction

between the wires and the yoke.



Cryo-Heaters (EH)
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100 LHC 100 HL-LHC 200 initial design

▪ Cryo-heaters in the liquid helium bath of the cold masses are primarily

used for the cryo-plants preparation and ramp-up prior to the rise of

the collision-induced heat load due to beam collisions. In addition they

allow the helium boil off in a reasonable timescale during the cold

mass emptying.

▪ 16 Cryo heaters 100 (Vishay RH100) will be installed in triplet string,

2 associated each main magnet in the cold mass,

▪ 100 Vdc, 1 A  100 W each

▪ Signals routed through the IFS capillary connected to HV feedthrough

(for standardisation purpose)

▪ Relocation at minimum 220mm from the beam axis for RP purpose, in

direct contact with the end cover,

▪ 2 AWG 20 per resistance,

▪ 20mm minimum between the heaters and instrumentation wires that

should be protected by a glass fibre sleeve insulation.



Pressure Sensors (PT)
Only for the string test to measure the pressure waves
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Situation inside the cold mass,

routing upstream to the cold head

10

Cables are fixed at either

end.

Along their path, they are

wrapped in a fibre glass

sleeve, guided inside

supports that do not overly

constrain them. In between

two supports cables must

have a certain freedom of

liberty due to over length.

The cable supports have

been replaced with St St

units to avoid eddy current

related buckling.
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LHC-LMQXFB-FP-0017 (edms 2378097) Chapter 8.10

LHC-LMQXF_E-FP-0003 (edms 2648033 )



IFS Barrel Pieces and Labelling
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Drawings LHCLMQXF_E0024

The layout is such that there is no ambiguity on the wire

positioning.

The drawing mentioned in the following slide will

associate the wire Id (EE, YT, EH…) to the passage

number.

LHC-LMQXFB-FP-0023 (edms 2378105) Chapter 7.10 to 7.16

Standardized barrels were

supplied to FNAL and KEK

so that all HL-LHC cold

masses are all equipped.

Repair procedure is described

in the spare slides.



IFS Capillary Installation Procedure

12HL-LHC Magnet Circuit Instrumentation Day 2023 - H. Prin

LHC-LMQXFB-FP-0023 (edms 2378105)
Bending procedure detailed in spare slides



HL-LHC cold masses IFS Capillaries 

Integration, Dimensioning and Standardization
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IFS

capillary
Wires qtty

Wire qtty

(Not V-Tap)
Ø DWG

Q1/Q3 40 or 41 20 14/12 LHCLMQXF_E0026

Q2 quad 40 20 14/12 LHCLMQXF_E0027

Q2 corr 14 0 10/8 LHCLMQXF_E0028

CP TBC 4 14/12 LHCLMCXFE0002

D1 36 28 12/10 LHCLMBXFE0025

Q1

Q3

Q2quad

Q2corr

CP

+option

D1

L=4m



Overview of the IFS capillary cross section
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AWG26: V-tap

AWG18: QH

AWG30: TT

AWG20: EH

or I taps

IFS capillary section for 11T type A cold mass (LMBHA)

Ø14/12

40 V taps

16 QH

2 I taps

2 EH

1 TT (4 wires)



Instrumentation wires insulation test immersed

in water prior to the capillary insertion
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• All wires (V-taps, QH, cryo-heaters) are immersed into tap

water (not demineralized) inside a PVC gutter. They are

connected to the positive terminal.

• A copper strip connected to the negative terminal is

soaked in the same bath.

• 2kV are applied between the poles.

• In case of failure, an NCR is opened for documentation

follow-up, repair instructions are given in TE-MSC-LMF-

QA-ELE-Réparation-IFS (EDMS 1430439)

LHC-LMQXFB-FP-0023 (edms 2378105) Chapter 7.4 to 7.70

Technical note of the development edms 2900678



Connections between the warm head

and the cover flange

16

Excess wire (40 to 50cm)

Kapton foil

Careful positioning of the

cover flange upon the

cryostat flange

Positioning tool for cover

flange tack welding

Protection and insulation cover
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IFS Cover Flange Overview

3 types: S, M (LHC like), L 
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LHCLMQXF_E0020
S type: 22 HV pins

4 LV feedthroughs

LHCLMQXF_E0053
M type: 36 HV pins

1 LV feedthroughs

LHCLMQXF_E0020
L type: 42 HV pins

4 LV feedthroughs

The cover flanges are validated by di-electrical test of each individual

feedthrough at 5kV to ground and all others, and a pressure/leak test at

25bar at the manufacturer premises. Electrical tests are repeated during

reception tests at CERN and before installation on the cryostat.



Documentation of magnet instrumentation

General Instrumentation Layouts

▪ From Q1 to D1: LHCLMQXF_E0001 & LHCLSXID0001

▪ Q1/Q3 cold masses: LHCLMQXF_E0015

▪ Q2 cold masses: LHCLMQXF_E0008

▪ CP cold masses: LHCLMCXFE0001

▪ D1 cold masses: LHCLMBXF0023&24

▪ For Matching Sections: LHCLSDIM0001&LHCLMBRDE0001

▪ D2 cold masses: LHCLBRDE0001

▪ Q4 cold masses/MQY: LHCLMQ_Z0154

▪ Q4 cold masses/MCBYs: LHCLMQ_Z0152

▪ Q5 cold masses/MQM: LHCLMQ_Z0127

▪ Q5 cold masses/MCBC: LHCLMQ_Z0153
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HL-LHC Cold masses Instrumentation Schemes

IFS Capillary, Barrel and Cover Flange Layout

▪ Q1/Q3: LHCLMQXF_E0011

▪ Q2: LHCLMQXF_E0013

▪ CP: LHCLMCXFE007

▪ D1: LHCLMBXFE0031

▪ D2: LHCLMBRDE0001
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Documentation of magnet instrumentation

Electrical Tests Report Templates
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Flowchart of the electrical tests throughout the production
▪ Q2: LHC-LMQXFBE-FP-0001 (edms 2447487)

▪ CP: LHC-LMCXFE-FP-0005 (edms 2680542)

▪ D2: LHC-LMBRDE-FP-0005 (edms 2642966)

▪ D1: on-going developments



Summary

▪ Instrumentation layout was well defined with the different
stakeholders:

▪ WP7 to define V-tap quantities and distribution for magnet
protection,

▪ WP9 for the cryo-heater and temperature sensor locations,
considering the magnets inertia and radiation protection issues,

▪ EN-MME for mechanical and CRG for pressure sensors.

▪ Axon wires qualified during LHC fabrication are reused for HL-
LHC and are stored as standard components in the CERN
stores.

▪ Connection procedures are derived from LHC production
except for the quench heaters.

▪ Assembly, validation and test procedures are well documented
in edms, CDD and now PLM. New procedures were developed
to qualify wire insulation before and after insertion inside the
capillary tube.
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Spare slides
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Repair procedure

23

Example of the 11T repair procedure: EDMS 1430439 

Could be used as baseline for any

repair on a IFS capillary.
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24

As the wires are theoretically fixed

within the IFS capillary the excess

wires after the exit from the warm head

alleviate any stress placed on the

soldered joints to the cover flange

feedthroughs.

Same applies on the other side from

the cold head to the pins connected

along the leads, the quench heaters,

the cryo heaters or the temperature

sensors.
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Diode V-taps connection
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Forming sequence and procedure
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LHCLMQXF_T0151

Written procedure 

will follow



Capillary preparation 
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Internal face chamfered and surface dressed to remove sharp edges

Care to be taken when welding to prevent penetration and therefore reduction of the 

internal diameter of the tube (inspection conducted with an endoscope).

Previously reaming was required post welding.



Prepared capillary installation
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Bending shapes installation
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Bending
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Bending
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Bending
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Bending
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Bending
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Stiffener displaced



Bending
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Bending
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To be reinforced



Bending
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Stiffening to be enhanced



Lubrification while forming
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On going improvements
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Forming wheel 

exchanged for a 

die a pusher 

wheel



Capillary holding piece on top
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Tooling
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Drilling the Ø2.6mm holes
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Taping M3
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T sensor fixation

HL-LHC Magnet Circuit Instrumentation Day 2023 - H. Prin 44



2
0

0

2
2

0

1
8

0

He in

He out
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Gaseous Helium

He in

He out

He out

Liquid Helium

Liquid Helium
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200mm

Minimum level height towards magnet axis: 200mm + Z1

Maximum level height towards magnet axis: 275mm – Z2
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Integration in the tunnel with WP15
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https://indico.cern.ch/event/1031564/


