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MA(;NETIC MEASUREMENT SYSTEMS FOR THE ELETTRA INSERTION DEVICES 

D. Zangrando and R.P. Walker 

Sincrotrone Trieste, Padriciano 99, 34012 Tries& Italy 

Abstraclf 

The magnetic measurement systems for the ELECTRA insertion 
devices are described. including those for measuring the properties 
of individual permanent rna~$et blocks and co;lplete magnet 
arravs. Results from initial tests on NdFcB blocks, including 
~~ISLIIWI~~~ of inhomogeneity and field superposition propertie; 
are presented, 

Introduction 

The ELETTRA synchrotron radiation source [l] will contain I 1 
straight sections in which insertion devices up to 4.8 m in length 
can be installed [Z]. Strict tolerances must be set on the quality of 
the magnetic field in these devices tc) guarantee both a high 
radiation beam quality and satisfactory operation in the storage 
ring. Field errors arise from magnctisaticn errors in :he permanent 
magnet ma:erinl and mechanical positioning errors. In the former 
case effects can he reduced bv magnetic measurements and sorting 
of the blocks. Techniques have arso been successfully developed 
for col-rectulti field errors in conqWed devices [3,4], 

III order io carry out Ihe nccEssar;q tests, both during and aft?1 
constmction, an insertion device magnetic measurement laboratory 
is being set up. This includes various syslems for measurement of 
individual permanent blocks, magnetic arrays and complete 
insertion devices. At present two systems arc operational, a 
Helmhottz coil and integrator system for measuring the total 
magnetic moment in 3 directions of individual blocks, and a fully 
automated tbrrz-axis bcncb wi0i a Ilalt plate, for general pUrpL)se 
point-by-point field measurements. 

A description of the two systems is given, together with results 
of initial tdsts on NdFeI3 &m:men? blocks for a prototype 
tmdulator to determine their sirengh. direction and uniformiry of 
magnetization. Some basic tests of field superposition, and first 
mensuremen:s of u magneric array. arc also reI1orletl. 

hleasurement Swtt‘nls 

t lelmholt7 Coil and Intemator Svs:em 

A coil pair has been built to me;\sure th? flux linkage generated 
by per-mancnt magnet blocks. fr-orn LS hich the total magnetizaiion 
may be ohraincd 151, The IIzlrnholtz geomcrry has been used with 
axial separation = mc;m radius = 300 mm, with 600 turns for each 
coil (wire diameter = 0.1 mmj. ‘l‘hc 5i/c of the coil is sufficienllg 
large that blocks with dimension u;r to 150 mm may be meijs:lred 
with less than 0.1% error. 

7’0 integrate [he voliage signal L\‘e iXl\~~ r1ssd a ScfIlllmhrI-gzr 

7061 multimerer, with il resolution of 1O-7 Vs. The multimerer is 
all? used lo read the ambient temperature with a platinum reristence 
rt~crmott~cter (accuracy Cl. I OC). Data Acquisition is controtteii 
throueh a I’C/3X6 anti a IEEE-38X bus (GI’IR). Programs are 
wriit& in the: “(7” taneunge. 

In such a system the magncti7arion ( M‘I of’ a block of volume V 
is ohrained f&l the integrated voltage in the coil pair (~‘l for a 
1 X00 block rotation hy the followin;: 

M”=y$ 
where R is the coil radius. C = (1 + (s/?R)~)“‘~, s is the coil 
separation and n the number of turns/coil. In the present case the 
calibration is based on the measured dimeni;ions of the coils (8 = 
0.595 m, G = 1,407) which results in a calibration of 3.5 1O-4 m 
(Wbm/Vs). The sensitivity of the sy\re:n is therefore 3.5 10.” 
Whm. The hackground noise,the value read by the integrator with 
no magnet, is 9. I IiVs rms. ecluivalcnt to 3.2 10-g Wbm. 
Reprodncihilit\~ measurement\ for a sample NdFcB magnet of ai7r 
70~25x7 mrn3( magnetized along rhr 28 mm axis gave an rms error 
in the main component of 0.09%. while the rms error in 
determining the angle of magnetization is O.(W. 

Three Axis Measuring Bench 

The three-axis measuring bench. supplied by Microcontrolr 
(France), is based on a long granite beam, along which a carriage 
move: on air-bearings, driven by a stepping motor. The length of 
travel of the Z axis is 2.5 m. The carriage supports X (horizontal) 
and Y (vertical) stage’s, each with 250 mm of trawl, driven bq 
stepping motors. X and Y motions are controlled by rotary 
encoders, with an accuracy of 10 pm, while the basic positioning 
accuracy of 0.1 mm along the Z axis can be corrected to 1 pm 
using an additional linear encoder (Heidenhain). The system is 
controlled directly using an intelface card in a PC computer. 

A Hall probe (Bruker BHIS, typical accuracy 0.2 Gauss, 
resolution 0.05 Gauss) has been mounted at the end of an 
;tlurninil:m arm attached to the final Y axis positioning srape of the 
bench. Magnetic field values arc obtained directl,y from the unit 
lhrough a Gl’lH intc~rfilt~e. SoCtvjarc has been written in the “C” 
language for controlling a number of standard types of 
me;lsIII~t:IC’nts 

,4 t0t,ii 0i 706 tkd.5 i)r vwot )Yhl 37or IF: i~:,~-d tl:ii.e kr: 
rec~iveil frown V;icuulnSi‘llf7ic17c, Gcrninny, ‘ililt: sp!zcilieti v::riation 
in tolal magnetic mi~rxiit of -I 2”h, anti Inasiliiiini angular de\,i,ttlor: 
of 7”. 

Ttr XiGlSure the iota1 magilctic tll(~iliCilt 0i. ii p~i'rll;lrlcIlt tli~~gnt’t 
Idc~ck along r;i:h of the ci~~irilin:l:c asr’b, il is I‘lr.rt ~IIOIII~~CJ 1i1 an 
aluminium cube (side 110 mmj. in such a way that rhe gecmictric 
center of the magnet coincides with the center of the Helmltoltz 
coil. Measurements are then performed by orienting the magnet 
wirb the required magnetization direction pointing towards one of 
the coils, zeroing the intcgrntor connected IO the coils, and then, 
manually, rotating the cube bv lBO” so that the marrxtization 
direction points toward the opposite coil. By chrynging the 
orientation of the cube each of ttie three magneti7.ation cornpi!ncnt\ 
can be obtained. In the prcsun c;isc. each component is nie;l3lred 
twice crhe magnet inside the cube 1s positioned in two different 
v::lys) in orttcr to eliiiiinarc- a systcmstic’i’rror dnr to a mis;,1li~nrnenl 
of the nxlznct in the aliin~ini~l~~~ ;-ill%- 

. . I . .  .  L . . , .  

A s&&q of the data obtained is given in TiIhte 1. Gcncrall:~~. 
mcasuremcnts arc in gr)c,d agrcenicnt with tlal;~ pro\ idzi hy ttii 
ni;:gnet supplier, typically within 0.2% tar the strength of the nGn 
component, and 0.20 for [he anglr of deviation, althmlgh some’ 
unrxplained difcrcponcies of un IO 0.7% and 0.5” wcrc no:ed. The 
full range of main nx~gnetizatkn values 13v within the sp~cil‘ietl 
r,mge of 4%. while the angles wzrc all within 2.5”. 

Table 1. Summary of mean, rms and full spread (in brackets) 
magnetization values for 122 A blocks, 160 B blocks 
and 24 C blocks of NdFeB material; minor components 
.are expressed as an angle of deviation. 

Rlcrk XxYx% [mm] Mx My M /. 
. . . . . . . .._._.^________ -- -... .._. _......... 

A 70x2Xx14 + @.O” (2.2”) 1.2033 T zt 0.90/r (a.0 a) f 1.1” (2.5”) 
H 7Ox2Rrl4 i 1.0” (2.3”) +-0.X” (2.1”) l.lRS77‘i 1.1”; (4.04! 
C 70x28~7 + Il.3” (0.7”) I .? I I? T + 0.4% (1.3 %,,I i 1.1” (2.1”) 

____. -.-- _... . . . . . . . ___.____............... -- . . ..__....__....-..-.................... 
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Point Measurements 

The magnetic properties of individual blocks have also been 
studied by taking point measurements of the main field component 
using the IIall plate bench. using a modified version of the 
technique described in ref. [h]. The block to be measured is first 
positioned in a fixed aluminium holder which permits an automatic 
alignment of the block to the bench coordinate system. A series of 
10 measurements are then made automatically, five above and five 
bclr~ the blj>ck as shown in fie. 1 The measuretnrnts are then 
repeated with the block mounted rn two other orientations, in order 
to remove systematic positioning errors. The data analysis then 
produces two sets of values of the three magnetization components, 
coresponding to the top and bottom of the block, by comparing the 
measured field values with those computed for an ideal CSEM 
block (71. The reproducibilty for this type of measurement is within 
0.5% for the main component and 0.1” for the angle of deviation, 
for ;L single block face, or 0.15% and 0.05” for the averape values. 

Fig. 1 Point measurement scheme. 

It has been found that the average values of the magnetizations 
corespond well to those measured by the II~lmholtz coil system, 
with nns differences of 0.2% and 0.150. Figure 2 shows a 
comparison of the My values for A blocks measured by the two 
techniques and the good agrremenr is evident. 
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The differences in magnetization obtnined from the top and 
bottom of the blocks indicate the level of inhomogeneity in the 
magnetization Differences between the top and bottom values of 
up to 10% in the main component and O.@ in angle have been 
observed, as shown in figs. 3 and 4. The figures indicate that for 

the main component, the variation is dominated by inhomogeneity 
with a constant mean value, whereas for the minor component. the 
inhomogeneity is small compared to the variation in the average. 

For B blocks, the same technique can be applied but with 
si~ttlZwh;it reduced accuracy. In this cast, inhomogsnrity is only 
ohserved between left and right i.e. in the direction of 
magnetization, as for the A blocks. 
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Fig.3 Main magnetization component obtained from point 
measurements above and below the blocks. 
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Fig. 4 Minor magnetization component obtained from 
measurements above and below the blocks. 

point 
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Fig.2 Average main magnetization component obtained from the 
Helmholtz coil and from point measurements. 

The Hall plate system has also been used to measure the field 
integral IB,dz generated by single A type blocks, both above and 
below the magnet. By comparing the value of field integral with the 
computed value for an ideal CSEM block [7] the magnetization 
value can be obtained. The average values have been found to agree 
well with those of the single point measurements above (within 
O.Z%), however, significant inhomogeneity is also evident. Figure 
5 shows that differences in integral value between the top and 
bottom of the block of up to 20% have been measured, and that the 
differences are correlated, but different in magnitude, to those of 
the point measurements. 
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Fig. 5 Differences between the main magnetization component 
from above and below the blocks obtained from point and 
integral measurements. 

Superposition Tests 

The approximation is often made that the permeability of REC 
and NdFeB permanent magnet material is unity, and can therefore 
be represented simpl,y as “Charge Sheet Equivalent Material” 
(CSEM), from which It follows that the field of individual magnet 
blocks superpose linearly [Xl. It has been shown however 191 that 
differences from unit permeability can have measurable effects on 
the superposition of the field of two REC bl<wks (p - 1.02- 1 .OF;,. 
Larger effects are expected for NdFeB, since the permeability m the 
direction perpendicular to the magnetization direction has a typical 
value of I .2. To investigate this effect, the magnetic fieid 
distribution produced by a pair of horizontally and vertically 
polarized magnets has been measured and compared with the result 
expected from the linear superposition of the measured fields of the 
individual blocks. Figure 6 shows the field difference obtained in 
this way from the measurements (solid curve) while the result of a 
calculation using POISSON 110) (with pl=l.2) is also shown 
(dotted curve). The degree of non-hul’erposition is easily 
mensurable, the maximum field difference being about 2.5 % of the 
peak field produced by the two blocks. The agreement with the 
simulations is also very good, despite the fact that the model is 2- 
dimensional and so the field integral is constrained to be zero. Due 
to symmetry non-superposition effects cancel in a periodic 
structure, however, some changta to the end field tlistribulic!n will 
be produced. 
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Fig. 6 Field difference due to non-superposition of the field from 
two blocks. measured (solid) and calculated (dotted). 

First Arrav Measuremen& 

A first magnet section containing nine complete magnet periods 
each of 56 mm, has been constructed and measured with the three- 
axis bench. The results obtained (fig. 7) indicate that the variation 
in field amplitude, 2.3% rms, is significantly higher than expected 
from a random distribution of blocks with the given variation in 
average magnetization, confirming that inhomogeneity is also a 
significant factor. Calculations are in progress to compare the result 
with that expected from the individual block measurements. 
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Fig. 7 hlain ficlit U)mponrnt in the first nine prriotl ~nduIa:oi 
array. 

Conclusion 

Two measurement syctemc are operational and have given 
valuable information about the magnetization prtopcrtics of 
individual permanent magnet blocks. Assembly and testing of the 
first periodic magnet arrays has commenced. Two future 
developments are forseen in the measurement systems. Firstly. a 
flipping coil bench to perform accurate field integral measurements 
on single blocks, magnet arrays and complete insertion devices will 
hc instnllcd in June. Secondly, it is planned to develop a combined 
probe for the three-axis bench to permit point measurement of both 
Bx and B, components, together with accurate measurement of 
field integrals. 
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