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Abstract 

In the frame of a contractual collaboration with IHLP for 
the U&K project, three test stands have been built and 
d~~li~~crtxl to measure the magnetic field of the superconducting 
elements (dipoles and quadrupoles) at roont temperature. This 
paper will describe the different parts of the apparatus which 
cnahlrs in particular to measure a 6 m long dipole in only one 
mc~as~~rent6mt. the qualification tests and thf, results of the first 
majinets measured in USSR. 

h~phasis will be put on the mechanical measurements 
made on the measuring tubes and on the very high accuracy 
and reproducibility of the devices. 

Introdurtion 

In a supercondllcting magnet, the field quality is mait~lg 
detwruilteci by the condurtor position : that means that, BS 
soon as the coils bvhirh make up the magnet have been wound 
and ;~ssr~mt~l~~d. one can get ii corrt’c’t estimation of the filtal 
field quality. whicl~ also involvc~d coil posit ionning. iron 
saturation and rcrilallc~11t field effects 

That is of particular importancr in the case of a mass 
production, where a large number of magnets can be produced 
b~~for<- a dcfrct can IW detrct<,d. So, this kind of measurement 
has already b+(an routinely done during the Enera Sa’ier. 
Doul)ler pro,[ec’t at FNAI. [I] and the IiERA project at IIESY 121. 

The three systems built to make tl~e room temperature 
magnetir IiI(,RsIIrf’IilCllts of the UNK magnets (two for the 
dipolt~s and *llc for the quadrupole) are insl)irerl bg. theslc two 
previous apparatus. One of its main improvement is the 
nteasuring tubtb which makes it possihlr to measure the fit~l(l 
integral of a 6 m long dipole in onI> one measurement. A close 
stud> of the software and of thr data presentation has also 
been made. 

MeasurinR process 

The principle of the measurement is the following : the 
magn~1. is excited with an alternating current (peak value 
=lOA, frequency : 11 HZ). The flux variation due to the change 
in the B 8 field component is induced in a set of measuring 
coils and measured at different angles in the magnet aperture, 
using a lock-in amplifier. The signal is then Fourier analyzed to 
deduce the fundamental and the harmonics of the magnetic 
field. 

The whole measurement consists of two phases : 
main field analysis, using only an external measuring 
coil : 
harmonic analysis using a predetermined coil 
combination, such as to cancel the main field (and the 
dipole component in case of a quadrupolr 
measurement). 

Once the operator has chosen which part of the magnet 
must be measured (either the central part, or one end or the 
total length), thr course of the measurement is fully automatic, 
arId the parameters (coil combination, lock- in 
sensiti>rity...) are automatically set. 

amplifier 

The measured points are displayed on line during the 
measurements. The data treatment is also done on line after 
each phase and the results of the magnetic field analysis are 
displayed in a numerical as well as in a graphic way. In the 
case of a quadrupole magnet, the final results take into account 
the calculated off-centering of the measuring tube in the 
magnrt 

Main rmra!!lcters of them~!lrt: 

The UNK magnet parameters which are important for 
this kind of measurement are the following : 

for the dipoles : 
coil aperture diameter 80 mm 
total length 5900 mm 
transfert ratio u 10 G/A 
inductance = -50 mll 
resistance at 300 Ii z 4 n 

for the qiradrupoles : 
foil aperture dianlet<yr 80 mm 
total length 3400 mm 
transfert ratio 0 2 G/crn!A 

inductance = 12 111H 

resistance at 300 K “In 

Description .of.d!i!; apparatus 

Each of the tlu-ce systems consists of a measuring tubs: 
which holds the measuring coils, a test stnntl, an eleCtronjc.* 
cc:ltbin<et and a micrc7computrr with jts line prinrrbr. 

Measuring tubes 

Made with fib(,r glass, they rontain th<t measuring coils : 

for the dipole : three similar sets of two radial coils. 1:nch coil 
mandrel is 2 m long and the coil is wound with 100 turns of a 
100 /.L diameter copper wire. The three sets are positioned along 
the tube which has a total length of about 6.2 m. 

All the coils have been calibrated in a reference magnet ; 
tttey have an average area of 4.40 m’ Thanks to the 
reproducibility of tlte construction, the coils can be combined 
without adding any resistance to get a good bucking ratio 

for the quadrupole : three similar sets of three radial roils. 
Each coil mandrel is 1.08 m long and is wound with : 

50 turns of a 150 ~1 diameter copper wire for the 
external and the internal coils, 

100 turns of a 100 ~1 diameter popper wire for the 
central coil. 

The three sets are positioned along the tube which has a 
total length of about 3.5 m. 

These coils have also been calibrated (mean area : 1.32tn’ 
for the 100 turn coils, 0.66 mi for the 50 turn coils) and arca 

also combined without any additional resistance to get a good 
bucking ratio. 

A cross section of the radial coils for enc~h r-as-’ is shown 
on the Fig. I. 



tll- mpN>d’: 5 II 

ComputPJ 

4 Llull Micra1 60 with a CO Mo 
monitor th<a installation and to make 
trrntmcnt. .A graphic terminal enables 
resulls. 

Figure 2 is a block diagram of the *ystem. 

Fig. 1 : cross section of the radial coils 

Test stand 

It consists of a wooden support with a stepping motor at 
one end (SLO SYN MO 92 FC 08) with a reduction of 100 and 
an encoder at the other end (CODECHAMP CO.4 50089 A. with 
a resolution of 15 bits). 

E:lcctronic r&t 

It contains : 
the bipolar power amplifier (BOP 50-8 KEPCO for the 

dipoles, BOP 36-12 KEPCO for the quadrupoles). supplying a 
ma+munr current of 8A for the dipoles and of 12.4 for the 
c~ll:~‘lrll~,ol~~:i 

the- lock-in anlplifier (f’All 5210) 
a CAMAC crate with a crate controller, a digital input 
board, a digital output board, a coil switch module and 
a rllrrent swich module. 

The measuring coil driving system is iltstalled in a 
smaller cabinet, located near the test stand, 

hard disk is used to 
data acquisition and 
to get copies of the 

Current 
amplifwr 

Fig. 2 : Block diagram of the system 

Software 

As previously mentioned, a close study of the software 
has been done so as to make its use as easy as possible and to 
present the results in a very usable way. 

The same program is used for both dipole and 
quadrupolc measurements. 
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After the initialization, wher among other things both 
the magnet type and the measuring tube are defined, the 
operator has the choice between : 

a standard measurement (integral measurement on the 
whole length of the magnet) with the three sets of coils 
put in series), 

a non standard measurement (measurement on one 
third of the magnet with only one selected set of coil). 

Once this choice has been done, the whole measurement 
is fully automatic : a control of the hardware is done, the 
different apparatus are set at their inital value and the 
measuring tube is put at the zero position. 

After a current measurement, a measurement of the 
fundamental is done, using only the external coil : the data are 
taken at 40 angular positions on 360” and displayed on line. 
Once this measurement is finished, a control of the current is 
done and the measuring tube is rotated back to its original 
position. 

The fundamental term and its phase are calculated. In 
case of a quadrupole measurement, the misplacement of the 
measuring tube in the magnet is also calculated from the ratio 
between the dipolar and the quadrupolar terms which have 
been measured. 

The harmonic measurement is then started in the 
same way but using bucking roils. The bucked signal is now 
measured at 100 angular positions on 360”. Thp data are also 
displayed on line. 

Once the measurements are done, the data are treated 
and different results are calculated : 

raw results, which derive from the Fourier analysis, 

final results. which are normalized to the fundamental 
modulus and angular position, and which are 
recalculated in a system centered on the magnet axis 
in the case of a quadrupole. 

The results arc displayed in a numerical as well 
as in a graphic way ; in this last case, the tolerances are also 
displayed and the operator can immediately notice if the 
results are within the tolerances. 

When the measurement cycle is done, the data are 
automatically transferred as a file on the hard disk. The stored 
files, which contain all the data from the initialization to the 
final results, can be visualized by the operatof at his request. 

Preliminary tests of the systems 

Before their expedition and installation in USSR, the 
systems have been tested at Saclay where two main kinds of 
tests were performed. 

Mechanical tests 

One of the most serious problem which could happen 
would be a twist between the three sets of measuring coils 
specially in the case of the 6 m long dipole tube. 

After the mechanical assembly of the three sets. it is no 
longer possible to measure the twist of one set referring to the 
other, but the overall value of the twist can be measured, using 
the encoder put at the opposite end of the tube, with regard to 
the stepping motor. 

For measurements at 100 angular positions on 360 d”. 
the results are very reproducible (some hundredths of a d”). A 
preliminary measurement, without the tube, gives the accuracy 
of the stepping motor precision measured by the encoder. The 
results are the following : 
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- for the 100 angular positions, maximum deviation from 
the theoretical value : 

without tube 0.04 d” 
with dipole tube no 1 0.20 d” 
with dipole tube no 2 0.48 d” 
with dipole tube n0 3 0.44 d” 

- deviation from the theoretiral vah~e of 360” after one 
turn : 

without tube 
with dipole tube no 1 
with dipole tube no 2 
with dipole tube no 3 

Magnetic tests 

0.02 d” 
0.1 d” 
0.4 d” 
0.2 d” 

Magnetic tests have been made at Saclay in the magnetic 
measurement laboratory using two conventional reference 
magnets from CERN. 

An ISR dipole about 2 m long (cf Fig. 3.) This magnet 
is of the combined function type : it has shaped iron 
poles which generate a high quadrupolar coml’onen~. 
Its magnetic caracteristics are : 

dipole field : I.14 T for I = 3000 A 
field indice : n/ p = 3.018 nr-’ 

Fig. 3 : Preliminary tests in a reference dipole 

an ISR skew quadrupole, about 50 cm long, which Once the results are correlated with cold measurements, 
generates a gradient of 1.03 T/m for a current of 55 A. this kind of measurements will provide an early and quirk 
in a 15 cm useful diameter. control of the harmonic content of the magnet. 

The tests which were made with the reference dipole 
are : 
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rrproducibility of the measurements : a statistir done 

with the central set of coil on six measurements (peak 

A.C. current = 7.55 A) shows that the reproducibility of 

the harmonic measurement is of a few 10m5 of the main 

field 

Installation and Dreliminarv 
tests at IPHE 

The three test stands have been now installed at IPHE 
and put in operation. 

Some preliminary measurements have been made. using 
short models and final UNK magnets 

More results could be obtained with these mngnrts fol 
which the apparatus were designed : 

taking into account the theoretical angular position of 

the measuring coil or the> mean value between the 

theoretical value and the value read on the encoder 

changes only the harmonic of some 10W5 at 35 mm, on 

a 6 m long dipole. 

when measuring a long dilrolr with two different tubes, 
the results agree within 2 10.4 up to n = 5 and within 
4 10-4 up to n = IO. 

whrn measuring ii short (ltiadrup<)lr (1 ~1 long). thr, 

reproducibility of the measurement is better than 

2 tor5 up to I1 10 

, 
Mrrc~ htill1sll(‘il. Ill~‘:lhLlt’l’llll’!lts iii‘<’ ,lf.,%l lllidt.?-u:I>~ !)ill 

t ht:kts preliminary results alrtWl>~ shu\~ that the> s:“‘sr~~!lis ii:‘f’ 
operational. 

Conclusions 

‘I‘hi~ test stands tia\,r l)(l(lri built and put in c>l)<-rat ion 
to make the room temperature, Il1PRSIIrClllPll1S of the L’liK 
~niignc~ls jtiipolrs and ql”l’-1rui),.1l~~s) 

Compared to prravious onc’s. the main improvt~n~c:l\t of 
Tht~* systems is t.hf.- possihi!ity 111 mt’asuf~ (i m Inane? (li]~ol<~s in 
only one measurement. 

‘i’h<~ rilos~ impressive point of the _ s\‘sttws is that 

r~~l~r~~~liicil,ility of thr tiarrtiiillir- analysis : tlt~ us <bf a loi~k ill 

amplifier enables a rrprotlucibilit~~ on ttllh harmonic 

n~~~~5urrrut’r~l of som*~ 10d5 of the main fic~ld, rhf. \‘alu(~ <)f Hhicli 

is around 100 C. 

[ 11 H.E. FISK, R. PETERS and R. RAJA, Room Temperature 
Harmonic Analysis of Superconducting Energy Saver 
Quadrupoles, IEEE Transactions on Magnetics, vol. Mag 17, N” 1 
January 1981 

[Z] R. MEINKE, Methods for Production Measurements of 
Superconducting Magnets, DESY HERA 90-06 (.4Dril 1990) 


