View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by CERN Document Server
1684 IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 12, NO. 1, MARCH 2002

The Measurement Bench for the LHC Spool
Corrector Magnets in Industry

A. Arn, S. A. Arshad, C. Giloux, F. Patru, H. Reymond, R. Senis, and L. Walckiers

Abstract—The LHC accelerator will be equipped with more IIl. THE BENCH FORROOM TEMPERATURE MAGNETIC
than 3500 superconducting spool corrector magnets. CERN has MEASUREMENTS
awarded the contract for the series production and testing of these
corrector magnets to industry. Magnetic field measurements are A. Functional Description

done at the factory. . . . T
Dedicated magr¥etic measurement benches have been built to test The quality of the ma}gnetlc field and mag'netlc axis ‘f""g”me”t
these corrector magnets in the resistive state at room tempera- d&pends on the precision of the magnet coils and their assembly
ture. The benches allow to measure the strength of the main field, in the yoke and casing, difficult to measure on a finished magnet
normal and skew harmonics, the magnetic axis position and ori- assembly. Therefore a relatively simple magnetic field measure-
e”Fa:isong;Lteh?ng‘ari]gtﬁe'd with respect to the mechanical reference ment at room temperature is done by the manufacturer to obtain
oin . . . . -
P This paper pre%ents the objectives, a description and the perfor- these da.ta and confirmation that the ass_embly IS within toler-
mances obtained with the benches during first measurements at @Nce. This test also detects gross errors like inversely connected
industry. coils, coils with a missing turn or interturn short circuits. The
Index Terms—Corrector, magnetic field measurement, super- fiel(_j qqality s r_ecorded and an acceptance or out-of-tolerance
conducting magnet. indication obtained.
The CERN-built room temperature industry bench (Fig. 1)
includes a mechanical bench on which the magnet is installed
. INTRODUCTION without demounting the rotating measurement coil, and a rack
HE MAIN dipoles (MB) of LHC will be equipped with containing the VME integrators, the bipolar power supply, a
Sextupole (MCS) and Decapole (MCD) “spool” correcSun/Labview data acquisition system, and a printer to easily
tors. Each decapole corrector has in addition an Octupole ing@¢ord the main parameters of each measured magnets.
(MCO) and these together are designated as MCDO. In totail he magnet, weighing about 8 kg, is lowered manually down
2464 MCS and 1232 MCDO assemblies are required for tRéto the bench and positioned with the reference holes on the
LHC. Half of these will be made in India in a collaboration bemagnet's mechanical casing. These holes are later used to posi-
tween CERN and CAT (Centre for Advanced Technology), tHoNn the magnets at the end of the MB dipoles within 0.1 mm. A
remainder will be built by two European firms, ANTEC, Spaiipolar DC power supply feeds the magnet under test (1 A for
and TESLA Engineering, UK. Pairs of MCS’s and MCDO’MCS and 0.5 A for MCDO), the nominal current of the magnets
magnets are mounted at each end of the MB's to correct fiddging 550 A.
errors in the dipole field caused mainly by persistent currents inInstallation and removal of the magnet typically last one
their Superconducting cables (fi|ament magnetization)_ minute and the automatic measurement procedure takes four
The measurements performed so far on the model corredidputes. Three MCS and three MCDO benches were built, and
magnets allow to define the following strategy for the seridtave now been installed in industry. The bench assembly and
measurements of the LHC correctors [1]. A good correlation higining of the operators was achieved in one day.
been obtained between measurements at nominal strength in su- ) . ) )
perfluid helium and on a dedicated bench for measurementSatRotating Shaft Holding the Measuring Coils
room temperature [2]. The bench described here has been deFhe measurement is based on the rotating coil principle [3].
signed to routinely control at room temperature the productiarhis method consists of taking the values of the flux linked with
in the magnet manufacturer’s premises before and after systehe coil at (equally space) angular positions. The coil angular
atic tests of the quench performance of the magnets at 4.3 K. Wésition is read by an angular encoder. The signal (flux as a
analyze the performance reached to measure the field qualityction of angle) is obtained from the measured coil voltage
the strength of the magnet, and the position of the magnetic adisring the coil rotation by integration.
with respect to the mechanical reference points. The rotating shaft is equipped with a pair of symmetrically
located single “outer” tangential coils, one serving as spare or
for diagnostic purposes. The rotation radius and opening angle
of the coils are maximized to measure harmonics up to order 15.
The bench is purposely open at the top to enable installation

Manuscript received September 24, 2001. , of the magnet without need to decouple the motor, encoder and
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raphael.senis@cern.ch). shaft with respect to each other, so that the calibration of the
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Fig. 2. Position of the measuring coil axis with respect to the magnet reference
frame and the reference magnet's mechanical frame.
o » Safety clutch
suring coil reference frame&l—Y, with the origin at the rotation
- axis passing througf and the magnet reference framd&-Y”,
N > DC Motor with the origin at the magnetic axis passing throdghlocated

at @meas, Ymeas) IN the X=Y frame (Fig. 2). The measured

multipoles translated byi(,cqs, ¥meas) Can readily be calcu-

lated in the reference frame of the magnetic axis.

o = The magnet is positioned on the bench using the reference
holes on the magnet’s flange welded on the external case and

Fig. 1. Bench description for the room temperature magnetic measuremerdsed to position the magnet at the MB ends. All magnet compo-

nents (especially coils) are produced with reference dowel holes

D h ‘ | i of the sh | 8 m.r.net.rically located at.70 mm from the magnet's axis. The
ue to the comfortable aspect ratio of the shaft (lengt )é itioning of the poles in the MCS or MCDO case is accu-

iameter) an ign of th rings, vibrations are r . .
diameter) and design of the bearings, vibrations are educEe e enough such that mechanical axis, located by definition at

so that no bucking coils are needed. The bearings are in 397 " mm from one of the dowel holes in the maanet's case. and
lubricating bronze. Theirdiameter and vertical spacing guarantee 9 '

a mechanical stability of the top of the rotating shaft withirrnnagmatIC axis comc_lde within 0.1_mr_n [2].
10 microns. The axis of rotation of the coils is not perfectly centered

with respect to the dowel pins positioning the magnets on the
bench. A calibration corrects the resulting systematic error.
A reference magnet is measured in three different positions:
Rotating coil based measurement [3] are repeated with befiated by 180 with respect to the normal position to measure
direction of rotation to correct for shaft twist and electronicy—y" offset (Az genen, Aypencr), and turned end to end to
drifts, and with both current polarities to correct for permanefeasure the angular offsei@z....x). In the reference magnet,
magnetization and piCk-Up of external fields. Data are Obtain% know precise|y (metr0|ogy data) the |ength between the
from averages of 10 such measurement sequences. The regilisdowel holes and thus the deviatienfrom the nominal
are then analyzed to generate the levels of the harmonics ugdfue (140 mm). The LabView application calculates the
order 15, the position of the magnetic axis and orientation of th§ree values Az pencrn, AYBencn, ABencr) by combining
field with respect to the reference holes. These measuremegfs mechanical deviation, with the difference between coil
are then compared with the acceptable levels, and if the tolgstation axis and magnetic axis. Now by this procedure the
ance is exceeded anywhere it is highlighted on the screen. Tt deviation of the magnetic axis with respect to the me-
LabView/Sun based MMP program [4] used for the magnetihanical aXIS DL N agnet = Tmeas + AL Benen; Mrtagnet =
measurement of all the LHC magnets has been tuned to redyce .= + Ayg.pncn; Abprragnet = Omeas + Abpencr) can be
to a minimum the man machine interface. generated.

C. Data Acquisition and Analysis

D. Locating the Magnetic Axis and Bench Calibration E. Accuracy of the Transfer Function Measurement

Rotating coils give the field multipoles in the reference frame Several systematic or random errors degrade the absolute
of the rotation axis. The magnetic axis of a sextupole or dereasurement of the field/current absolute relationship (also
capole is defined as the line where respectively the quadrupotdled transfer function). A calibration is needed to know for
or octupole term vanishes [5]. LHC optics considerations reastance the error induced in the transfer function due to the
quire the magnetic axis of the correctors to be aligned to withiadial or the angular position and the opening angle of the coil.
0.1 mm with respect to the ends of the MB main dipole magnetsll the benches are calibrated with respect to each other in
The measurement gives the offset between two frames: the meraler to agree within about 0.6%.
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Fig. 3. Main field strength for 9 magnets measured at Antec and at CERN. The figure also shows the 1% range centered on the average of the matm. field streng

E. Measurement Procedure Warm benches at Antec and CERN

Deviations of the magnetic axis of more than 0.1 mm fror 1.5 1
the mechanical axis and/or angular deviations of more than 1
2, 2.5 mrad twist of the magnetic field, respectively for MCS
MCD and MCO magnets, will cause the magnet to be rejecte ;5 |

The magnet field acceptance criteria specifies that all harmong B

(skew and normal) must be below 1% of the mainfieldat 17 mg 0ty r —— ! -
radius corresponding to an axis offset of 0.1 mm and to a tw's {3 fer8 S
angle of 1.5, 2 and 2.5 mrad following MCS, MCD and MCC %% 71 ;d N
magnet. 1

The system prints the two coordinates of the magnetic a
position and orientation of the main field with respect to th -1.5 4
reference dowel holes in the mechanical case of the magnet, Magnet identification number
multipoles calculated in the reference frame of that magne’lt:i,c 4. Field orientation measured at Antec and CERN. The dotted line
axis. All harmonics up to order 15 are displayed in Tm/A andgi.cat.es the more pessimistic expected measurement errof.
reported at a reference radius of 17 mm.

The automatic analy5|s provides verllflcat'|ons' of the M Gitficult to adjust this to much better than 0.1%. Also the sta-
magnet parameters discussed above, i.e., it prints and st

X 0nrlfﬁ?y of this adjustment is not known. The average transfer func-
these results on-line. o . X
tion in the two sets of measurements is measured at 1 A with
the same standard deviation 0.3% and approximately the
same maximum range around the average ©64%,+0.24%

In this section we present a comparison of the first meANTEC), and—0.63%,+0.20% (CERN). Regarding magnetic
surements, performed using the CERN-built room temperatdreld quality, the acceptable limit for harmonics other tiighis
bench at ANTEC (Spain), on 9 pre-series MCS magnets, witld—® Tm/A, well above the difference between the two benches
those measurements on the same magnets made with an ifl@nharmonics up to order 15 (Maximum difference Bl =
tical bench maintained at CERN. 1072 Tm/A).

I1l. M AGNETIC MEASUREMENT RESULTS

A. Main Field Component B. Field Orientation and Magnet’s Axis Position

Fig. 3 shows the results for the main field (B3-MCS mag- The field orientation results are shown in Fig. 4, and the axis
nets). The difference in the average transfer function betwegasition errors are given in Figs. 5 and 6.
these two sets of measurements is 0.3%. Exchanging the twé\so shown in these figures are the differences between the
electronic racks on the same bench affects the main field atvao benches. Note that in all these figures the full scale of the
level of 0.2%. Further, there have been some indications thubts represents the tolerances specified for MCS magnets. The
the coil calibration also drifts in the 0.1% range. Together, thesesidual differences between the two sets of measurements
two errors could account for the 0.3% difference in main fieldhould be compared with the uncertainty in the measurement
between the two benches. The differences between racks wehgch originates predominantly from the reproducibility in
not affected by swapping integrators. Part of the error may commechanical positioning of the magnet on the bench. For both
from calibration of the current measurement, but in practicebenches the standard deviations in the reproducibility on the
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Warm benches at Antec and CERN positioning uncertainty can therefore enter the calibration, and

04 - subsequently appear as a systematic error in the measurement.
0.08 - mae: The positioning uncertainty appears once again as a random
0.06 - error during the actual measurement. The final errors can
0.04 - 1 increase by up to twice the systematic uncertainty plus once
— 0.02 - i the random, for each bench. The differences between the two
E 0 e . . TR benches shown in Figs. 4-6 are therefore in reasonable line
% 002 TEI , BF o ¥y 21 4 ﬁ"' 110 1:;[ with expectations associated with the more pessimistic error in
00a U J , ' the measurement (dotted line in Figs. 4-6).
-0.06 J - Comparison between measurements performed at CAT
-0.08 4 - ] ‘ (India) and at CERN on MCS and MCDO magnets give similar
01 results. The bench now at industry is producing results of the
Magnet identification number same quality as prior to delivery, and these results are adequate

for testing the magnets to the specifications.
Fig.5. Axisdz offset measured at Antec and CERN. The dotted line indicates

the more pessimistic expected measurement error.
IV. CONCLUSIONS

Warm benches at Antec and CERN Good agreement is found between measurements made at
0.1 - e magnet manufacturers and repeated at CERN with the CERN-
Roitoercs M built room temperature Industry bench. The results confirm suc-

P cessful installation and operation of the bench in industry.

The quality of measurements performed on this bench so far
on the spool corrector magnets allows to maintain the basis of
, the previous test station so as to define the new generation of
‘|4ih 430 benchtomeasure the other corrector magnets (Lattice and Orbit
correctors, Correctors for inner triplets ...) longer and bigger
and with different mechanical reference points than the spool
corrector magnets. These new benches are being manufactured
at CERN.

Magnet identification number
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