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Measurement using calibrated sensor & LHC-type electronics: cernox
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Error due to measurement uncertainty of the resistance, assumes +/- 0.25 % of measured value

Blue: sensor with “low” resistance (standard spec CX-1050, 5.55 kΩ @ 1.7 K)

Black: LHC resistance range (LHC spec CX-1050, 5.55 kΩ @ 21.0 K)

Narrow resistance range @ 1.7 K => 22.5 kΩ ± 5.5 kΩ

Error is dominated by WFIP electronics



Measurement using non-calibrated sensor & LHC-type electronics: cernox
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By using:

• Sensors within the same resistance range as the LHC “library”

• Three data points supplied by Lake Shore

{resistance, temperature} @ 4.2, 77 & 300 K

 Possible to find an approximation function without performing a calibration

 Error dominated by spread of sensor characteristics

Work was performed by CERN for ITER that accepted much larger uncertainty than the LHC case.

• ITER intend to use the cernox sensors with this approximation



LHC requirements & its consequence on electronics accuracy
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The figure below shows the MINIMUM required accuracy on the measurement of resistance for various type 

of resistance based sensors to satisfy the accuracy requirements of the table (LHC requirements 1999 era).

0.25% reading accuracy WFIP



Measurement of pressure

HL-LHC instrumentation meeting 28.01.2020 - CRG-CI

All pressure sensors are accessible and therefore exchangeable.

• Absolute LHC pressure sensors provided by Baumer (CH), resistive bridge

Procurement OK but minimum order qty about 50 units

Manufacturer Model Type Range Max P
Burst 

pressure
Accuracy

Baumer PDAS/404772 A240 absolute 0-4 bar 5 bar 10 bar 0.4 % FS

Baumer PDAS/404772 A320 absolute 0-20 bar 32 bar 64 bar 0.4 % FS



Final Comments

What we would expect as technical requirements:
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Thermometer, 

Pressure, 

Conditioner..

Cryo, Fluid, 

Ambient, 

Vacuum, 

Radiation..

K, Pa, .. If applicable
Working 

Range

Working 

Range

% or 

absolute

% or 

absolute

% or 

absolute
yyyy.mm

FCM_SCCL Feedbox U. Wagner Thermometer Vacuum K 4.0-325 4.5-325 4.0-10.0 0.01 K 10.0-50.0 0.1 K 50.0-325 1.0 K 2011-05 8 tag numbers: TE8302, TE8310, TE8312, TE8320, TE8321, TE8322, TE8503, TE8505; including electronic signal conversion

FCM_SCCL Feedbox U. Wagner Thermometer Ambient K 220-325 270-310 220-325 0.5 K 2011-06 3 In-stream inside measurement well; tag numbers: TE8327, TE135A, TE135B;  including electronic signal conversion

FCM_SCCL Feedbox U. Wagner Thermometer Ambient K 220-325 270-310 220-325 0.5 K 2011-06 2 Warm end current lead measurement; tag numbers: TE133A, TE133B; including electronic signal conversion

FCM_SCCL Feedbox U. Wagner Pressure Ambient bar abs 0-20 0-20 0-20 0-20 0.04 bar 2011-06 8 Tag numbers: PT8310, PT8312, PT8320, PT8321, PT8322, PT8340, PT8503, PT8505; Rosemount or equivalent

FCM_SCCL Feedbox U. Wagner Pressure Ambient mbar abs 0-1000 0-1.3 5% of value 2011-06 1 Insulation vacuum measurement; "spinning rotor" type

FCM_SCCL Feedbox U. Wagner
Differential 

pressure
Ambient mbar 0-300 0-20 0-20 0-300 2011-06 2 Tag numbers PDT8320, PDT8321, Rosemount 3051 or equivalent range max 0-300 mbar adjustable 0-20 mbar

FCM_SCCL Feedbox U. Wagner
Differential 

pressure
Ambient mbar 0-60 0-20 0-60 0-300 2011-06 1 Tag numbers PDT8505, Rosemount 3051 or equivalent, proposed: range max 0-300 mbar adjustable 0-60 mbar

Item deleted Item deleted Item deleted Item deleted Item deleted Item deleted Item deleted Item deleted Item deleted Item deleted Item deleted Item deleted Item deleted Item deleted Item deleted Item deleted Item deleted Item deleted

FCM_SCCL Feedbox U. Wagner Level Cryo mm 0-500 4.4-5.0 1.2-1.3 0-500 2011-06 1 Tag numbers LT8300, SC level probe with read-out electronics



Final Comments

Technical requirements: LHC example for temperature sensors
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Table 11.12 from “LHC Design Report”

CERN-2004-003




