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‘The Magnetic Field Measuring Sysk~ 

Two measuring systems for the ELE’l’I‘R.4 ring magnets 
have been developed, lo comply with the requirements of 0.01% 
measurement accuracy for the dipole gradient and, respectively, 
for the relative amplitudes of harmonic components in 
quadrupoles and sestupoles. Each setup consists of: i) a magnet 
support with precision adjustments for accurate alienment, ii) a 
field measuring bench and iii) an on-line data acqui&on system. 

The adiosrahle supports 

The supports allow for accurate linear and angular 
translations of the magnets in the horizontal and in the vertical 
plane, as reqnired by the alignment prcxxdure outlined in the 
following sections. 

The field measurini! benches 

The uuadrunole and sextuno!e: The amplitudes of the 
harmonic field cotuponsnts are measured by the well-known 
tcih:liq:lc of’ thtz rotating coil. In our Case, the coil consIs:s of ii 
multi-layer prinrtxi circuit board, with a total of S turns for a 
length of 700 mtn. The dimensional tolerances of the citcuit are. = 
0.01 inn:; :i cle;tr;kncc of 0.5 mill is Icft 5c:w:rn rhc outct 
conducrot position and the pole surf‘;ice. The circuit is split 
lengthwise in two identical sections; the t\4’0 signals are 
subtracted for alignment purposes, and added for normal 
nxxsur~:ntmts. To obtain stiffness and dimensional stability, the 
printed circuit is glued and encased in 3 l‘iberglass tubular 
st~uctittx (fisnrc I ;I. 

The meaciiring bench also includes aligtument tools ilasc~- 
and PSD) lo cc‘t tk surve!’ rercrencc tllitl-kS on rxh ctiil, once 
the sytnmetty planes have been determined by the field 
mciiwr~ni~nt (tigul-c 2) 

The dipole: The dipole bench (figure 3) makes me of a 
Hall plate measuring module consisting of an array of 15 plates, 
temperature srabilized, mounted along a line in the horizontal 
plane, at a pitch of 10 tntn !constant to within the uncertainty in 
the actual sensitive spot position on each plate). The module 
(figure 3) can be accurately positioned in the magnet gap bv a 
three axis gear with programmable stepping motor controls, v&h 
all accllr;lc~ of .z= 0.01 mtn 

This measuring henc)i is also cqui;:pcd with suitable: 
alignnient tcr,l$. 

Figure 1: Exploded view of the fiberglass hibe and one section of 
the printed cirsuit before being assembled. 

Figure 2: The prototype quadrupole magnet on its support. The 
integrating coil is shown in its measuring positior inside thr 
magnet. The PSI) support is also shown on the high Icfl corner. 

Figure 3: The prototype dipole on its support and the measuring 
bench with the three axis gear and the measuring probe. 

Figure 4: The Hall plate mcnxting module. 
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Figure 5~. The block diagram for the Figure Sb: The block diagram for the 
quadrupole and sestupole measuring system dipole measuring system. 

The on-line data acouisition 

The positioning of the probes, the triggering of the data 
acquisition and the data acquisition itself are controlled by a 
VMLbaszd ValetPlus microcomputer (CERN-DII development), 
together with a programmable data acquisition control unit (HP 
3XS2A). A hlacintosh is used as intelligent terminal. 

A block diagram of the data acquisition system for the 
quadrupolesisexttlpoles is shown in figure Sa. An interesting 
t’cature of th:s system is the method used for driving the rotating 
coil. A stepping motor, with a 1OO:l precision reduction gear. 
drives the coil at constant angular speed. The data acquisition is 
triggered at ;I wzll defined angular position of the coil: the DV31 
then measures and stores in a buffer a number of samplcs 
(typically 512) spaced by a time intenal (pacer clock) such that 
the total time for the measurement equals the time for one 
complete rotation of the coil inside the magnet (= 50 XC). The 
data are then read-out and Fourier analyzed (FFT algorithm). The 
peak signal amplitude of the main component is = 3 mV. The 
r<lntivc .unplirudes of the harmonic components are measured t<> 
an accuracy of = 1@. 

A block diagram of the data acquisition system for the 
dipole is shown in figure 50. Low-noise analog multiplexers are 
used to measure the Hall plate signals with a resolution of 1 I.IV. 
The field gradients at each plate position are measured bq 
pcrfoniiing ii precise (to 0.0 1 mm) horizontal trzanslation of the 
carriage, orthogonal to the dipole longitudinal axis. By fitting and 
integraling the measured values, a complete field map is then 
derived. 

Magnetic Field Calculation 

The magnets simulation programs Poisson (2D) and 
Tosca (3D) (Vector Field Ltd.j have been used to calculate the 
optimal design for the magnets. The usage of the 3D program 
was imporwnt due to the shortness of our quadrupoles and 
sextupoles. 

Resdts for the CERN hG&l Ouadn~nole and Sertupole 

Measurements and calculations have been performed on 
the CERN prototype quadrupole (figure 2’) and sextupole (figure 
(,j that have being built on an early design to test the quality of 
the calcula::on and of the measuring systems. Results on the 
calculated integrated value of the field along the h>ngitudinal iixia 

of :he magnet are shown in figures 7 and 8 respectively. In 
Tables I and 2 the comparison between the calculated anti the 
measured values is presented. 

Figure 6: The prototype sextupole 

In the quadrupolc the agreement is quite good for the allowed Gth 
and 20th harmonics The 4th and 8th harmonics come from 
assembling asymmetry for the measured values, and geometrical 
asymmetry for the calculated values due to the unusual design. 
For the sextupole simikar comments can be madly. 
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Figure 7: Calculated harmonic components along the longitutiin,ll 
axis in the quadrupolc. 

TAB1.E I 

Order of ccrn[mlcnt Cwlpoted r;trio Measurrd r;nio 
II IJ,, I Jzl IJ,, I JYZ 

4 3.0 10-3 5.7 103 
6 2.03 10-x 2.07 10-2 
x 1.5 lo-’ 1.9 10~3 
IO 5.7 IO’ 5.2 10 3 
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Figure 8: Cnlcul;ited harmonic components along the longitudinal 
axis in the sextupole. 

TABLE 2 

Order ct ColllpOfleni Cornpled ratio Measured ratio 
II IJ,, I Jil IJ,, i J31 

6 0.6 10-J 1.2 10-3 
9 2.6 10-3 2.7 10.3 
1: 0.0 10-3 0.1 IO-3 
IS 0.0 10-3 0.0 10.3 

Figure 9: The construction drawing for the optimized profIle. 
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Figure IO: Calculated harmonic components along the 
longitudinal axis in the optimized quadrupole. In this calculation 
the pole tips were included. 

TABLE 3 

Order of component Computed ratio Max. allowed value 
II IJ, / Jzl IJn I J2l 

Optimization for the auadnmole profile 

6 
10 

1.9 10-4 
1.1 10-4 
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In figure 9 the optimized profile for the quadrupole is 
shown. The results deriving from this profile are shown in figure 
10, and in table 3 the relative amplitudes of the harmonic: 
compOIl”Il!S are given. 
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