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Summary

A new method has been developed for the precise
magnetic field measurements in ac magnets, The tech-
nique has been applied toc the DESY II dipeles and qua-

drupoles, Movable coils of various lengths are used,

and voltage induced by the ac excitatition is compen-
sated by reference coil, A fast ADC triggered at
different levels of magnet current converts the output
of a low drift analogue integrator. Measurement and
data handling are microprocessor controlled, The data
are sent to the computer centre for analysis and
storage. From there the results and a graphic display
are sent back to a local interactive terminal for
qualitative online checking,

Introduction

In fast cyecling machines as DESY II one wants to
know how the eddy current affects the fields in the
magnets., To get a realistic answver to the question of
how the field properties of the magnets change during
acceleration, the same ac excitation as in future ope-
ration is used for the field measurements,

In order to use moving coils for the field
measurements one must have a fast integrator capable
of handling the high voltages from the coil,

Normally voltage-to-frequency converters combined
with counter techniques are used for dc magnet
measurements. But there is even in high frequency ver-
sions, a problem with signal dynamics: a 5 MHz VFC
needs 13 ms for 16 bit resolution . The alternative
method described below uses an analogue integrator and
a high resolution ADC, In this way 16 bit resolution
can be obtained in about 40 ps. The res%;ution re-
quired for the measuring system (about 107°) has been
determined by particle beam tracking analysis. Since
in DESY II the energy varies from .2 to 9 GeV between
injection and eizgtion, the required resolution at in-
Jjection is 2+10 of the maximum field and thus per-
mits relative measurement only.

General Description

From Faraday's lawv of induction the voltage in-
duced in a moving coil is:
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The integral over the surface (s) of the coil with N
vindings only describes the time dependence of the
normal component B (x,t), while the second integral
over the coil contour (c) derives from thg change in
position when the coil moves with velocity wv.

Thus with an ideal integrator with infinite vol-
tage range one gets

t -

S ovdt = NA B(X,t) + k (2)
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vhere B(X,t) = % f, B T da

A = coil ares,
k integration constant
and x describes the coil position,
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Fig. 1 Circuit diagram of magnet measuring device

For an ac field survey, measurements must be made
at distinct time values (t) to distinguish between
time and spatial effects.

These time markers are derived from measurements
of the yoke field B_(t) which is related to the field
at the centre of thé gap. The trigger for the minimum
field (at time t_) is derived by detecting the zero
slope (Fig. 2): °

By(to) =0 wheret =m+27/w m=0,1,2...

A sampling trigger (t,) for the current control
is locked to t_ with a time“delay At which is adjusted
so that, with constant I(tl) = injection level, we
have I(tu) = 0,

This is important for absolute measuring capa-
bility: if the "power of f" procedure is alwvays carried
out in the same manner (e.g. first ac, then dc off),
the remanent minimum field, can be measured after-
vards.

The remaining triggers (t2 oo t 5) correspond to
equal increments of By and are deriveé from step inte-

gration,
tz,t3...
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Fig., 2 ac excitation diagram
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With these triggers, which repeat at period
2 n1/w and always occur at the same yoke field, the
integrator output can be used to measure the spatial
variation of the field.

Special Hardware

Integrator:

Design using chopper stabilized amplifiers (ICL7650,
Intersil)

preamplifier (gain = 50) with high common mode re-
jection
integrator can b o
less than .1 mV/s just
time constant .1 s
phase shift -2{-18) degrees at 12,5(100) Hz

output amplifier (gain = .6) for adaptation to the
ADC.

justed to a drift of

1
J
d measurement starts

e aut

ADC:

BCD output, resolution .1 mV (also short time stabili-
ty)

sample & hold amplifier (MP260, Analogic)

acquisition time = 5 us

analog-digital converter (MP8016, Analogic)

conversion time = 40 us

resolution 16 bit

Shaft angle decocder:

ROC 500/13 (3. Heidenhain, W.-Germany)
resolution 13 bit/360 degrees
accuracy - 1 bit

Dipole Measurement
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Fig. 3 Dipole measuring device

For dipoles the variation of the local field and
the integral field in the median .plane is measured
using a short or a long coil, respectively, that is
laterally moved by a crank shaft.

Since the maximum input level of the preamplifier
is limited to 70 mV while for a coil with Ne<A = .2 m?,
the coil voltage can be as large as 8 V, it is neces-
sary to compensate the ac component of the coil signal
by subtracting a second ac signal of similar shape and
magnitude, This compensating signal is derived from a
fixed coil at an appropriate position inside a refe-
rence magnet supplied with the same current, i
The integrator drift, which was assumed to be
constant during 10 s of measurement cycle, was numeri-
cally compensated by the computer. In accordance with
Fq. (2) the output from the ADC can be written as
(Fig. 1):
oz, M = ¥ B, + 0 x = x(9)
’ T ’ o,T
Al coils bave a similar resolution
(AB = +1,5+107° tesla) since the maximum compensatable
N+A is determined by the compensation coil.

Fig. 4 shows a typical normalized computer output
which, for & different magnet excitations gives the
transverse variation of the integral field in the me-
dian plane.
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Fig. 4 Computer output from measurement of integral

dipole field

A typical fit from a measurement with a short
coil is displayed in Fig, 5, showing the transverse
field variation AB  in the median plane for 3 diffe-
rent excitation cufrents with central fields of about

5,160 and 800 Gauss respectively.
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The measurements have shown that the newly de-
signed and built DESY II dipoles satisfy the field
guality requirements at injection as well as over the
wvhole energy range,

Quadrupole Measurement
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Fig. 6 Quadrupole measuring device (principle)

A solution af the 2-dimensional Laplace equation
for the scalar potential in cylindrical coordinates is
given by

® n
U(r,¢ =~ L I. (b sinn @+8a_cosn @ (3)
n=l M n n
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The normal component of the induction at the
measuring coils is

k!
[>=]
. 3 Uir,o) - n=1 . JOEN PR
B(p) = m ===t = I T c cos(ng + 8 ) (&)
rop n=1 n n

and is equivalent to a Taylor expansion of the radial
dependence

© (n=-1) {n-1)
_ n-1 (n-1) _3 B(r)
Blr) = L FTT T 9 TR
n=1 ar
so that g(n—l) = (n=1 c, cos(ng + 5n) (5)

For magnets with quadrupole-like symmetry, i.e.
U(e+ m/2) = - Ul ), only the harmonic numbers n = 2,
6, 10, 14, 1B ... are expected. For our quadrupoles
twe simultaneously rotating coils (with numbers of
turns N1, N2) mounted in the same plane have been used
to obtain proper compensation (Fig. 6). Thus the data
output is proportional to the difference in coil
fluxes AY. For two coils sufficiently longer than the
effective magnet length lM’ wve have

T r
. 22 12
W - -
A = 1, N, % B(r)dr - N} 7 B(r)dr}
F21 11
> , 1 n n n n
= 1y ;Elcncos(nqkén) = {NZ(rzz-er)—Nl(rlz-rll)}
so that the ADC output D can be written as:
@ n-1
S -
D(p,T) = n:O e, T cn,T cos(ny + 5n) (6)

with a correction factor C_ specific to each harmanic
due to the coil arrangement.

A Fourier analysis applied to D(¥,T) yields com-
ponents C_ up to n=15, From the C_ the derivatives of
the gradiéht (using Eqs. (6), (5)  or the deviation Ag
at a certain radius T can be calculated.

o C
(Ag-E)T = T cos(ng + 6n) (7
n=3 En

The dipole component is strongly affected by mecha-
nical tolerances and external fields, Therefore its
contribution to Ag is neglected in Eq, (7).

Also the sextupole component is influenced by me-
chanical adjust@&nts of the coil rotation. A value
less than 1410 indicating excellent adjustment is
possible only with a sufficient number of coil
supports,

A normallized data set from a typical quadrupecle
is displayed in Fig. 7. It indicates the kind of rela-
tive accuracy cbtained and shows that the remaining
quadrupcle contribution is of the order of 1 %,

The result of the harmonic analysis is composed
in Tab. 1, which gives the relative strength of the
significant field harmanics at r = 40 mm together with
the accuracy of the measurement at excitation currents
of 120 A, 600 A and 1200 A, respectively.

Most of the harmonics are less than 1-10‘“ of the
quadrupole component, Only the terms n=4 and n=6 are
larger, but still in tolerance, The term n=4 indicates
a slight deviation from the ideal quadrupole symmetry.
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Fig. 7 Computer output from quadrupcle measurement
Tab, 1

Relative strength of the fie{i harmonics at r=40 mm
from a typical quadrupole (+10 )

n 120 A 600 A 1200 A
30,3 30.10 0.5 *0.020 0.7 0.010
4 1.6 06 2.3 12 2.0 06
5 0.1 5 0.3 10 0.3 5
6 3.3 4 6.9 08 7.5 4

10 0.1 3 0.3 6 0.2 3
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