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Introduction - Aims

� The magnetic field is proportional to the current in the search coils 

� Quality Control of collared coils and cold masses at the factories
� Early detection of defects and acceptance tests
� Study of the evolution of characteristics of single magnets over time 

to observe the trend
� Collection of data of general interest for several studies, e.g. beam 

optics  

� A correlation exists between measurements at room temperature and 
at cold in spite of some limitations
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People involved

� Search coils manufacture (LHC/MMS-IF)

� Mole manufacture (LHC/MMS-IF & EST/ME)

� Software (LHC/IAS)

� Bench for the mole translation inside quadrupoles (CEA/ Saclay)
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Global view
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The mole

Rotating coils

Slip rings

Incremental encoder

Pneumatic brake

Gravity sensor
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The coils set

Dipoles & correctors
Coils are 14.2 mm wide

3 coils per mole

25 moles required

5 ready, 4 in the final phase 

MQ, MQM, MQY & 
correctors
Coils are 8.4 mm wide
5 coils per mole
12 moles required
4 ready

MQW (resistive)
Coils are 7.4 mm wide

5 coils per mole

1 mole to be produced
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Measurement rack

VME crate (integrators, ADC, IO, 
MXI, CPU)

Coils bucking

Brake

Power supply

Sun workstation
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Mole translation devices

Extensions - Manual
Used for MQM, MQW, 
MQY and for MB until April 
2002.

Measuring a magnet takes 
about 6 hours (MB)

Cable – Automatic
Used for MB starting in April 
2002

2 moles in parallel.

About 4 hours per magnet.

Extensions – Automatic
Used for MQ.

System developed by 
CEA/SACLAY.

First measurement at 
ACCEL, November 2001.
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Measuring the magnetic length

Precision required: ±±±± 0.3 mm

Stainless steel tube carefully 
measured and calibrated at 
20°C

LED or camera at the 
extremities  to measure the 
first and last position of the 
mole
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Software

� Program developed in Labview by the LHC/IAS group
� Modules shared with the LHC/MTA group:

� Coil position encoder interface
� Harmonic analysis performed at a given mole position

� Dedicated modules for:
� Control of the coil rotation
� Longitudinal mole translation
� Mole orientation with respect to the gravity
� Control of power supply
� Complete harmonic analysis, including the integral and magnetic 

length
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Output files

� « Internal files » for historical analysis and comparison within 
LabView. Files are stored on a Sun at CERN

� Integrator output «raw data » for off-line analysis on demand. Files 
are stored on a PC at CERN

� Summary of harmonic analysis are imported in Excel files and stored 
on the Web server:

URL: http://cern.ch/lhc-div-mms
Measurements -> ITP 21 and 34
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Summary of harmonic analysis

Lm c1 αααα b                    a                    ∆∆∆∆ x,y
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Measuring at the factories
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Detecting defects – an example
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Example of trend
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Situation & Planning 

� Quadrupoles and dipoles: one system at CERN.
� Quadrupoles: 

� MQ: 1 system operational at Saclay, 1 system to Accel
� MQW: 1 system to SL
� MQM : 1 system to  Accel (end of the year)
� MQY: 1 system to Tesla (end of the year).

� Dipoles:
� A provisional system delivered to Ansaldo, Alstom and Noell.

Final systems: 1st in April 2002, 2nd by end of 2002.
� An extra system at CERN for final acceptance tests (end of 2001).
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Conclusions

� Last May the magnetic measurement system, originally designed 
for quadrupoles, had to be adapted to dipoles.

� Installed and already being used at the manufacturers’ premises.

� Robust, easy maintenance, rapid measurement, self-sufficient.

� Hardware commonly available on the market.

� Software developed using industrial control system standards.

� The system proved to be flexible, adaptable and able to measure 
any LHC magnet. magnets.


