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Summary

The titanium vacuum chambers installed in the
ZGS this past summer were equipped with PEW's, In
this paper, the operation and monitoring of the wind-
ings used to flatten the guide field in the ZGS will be
described, The physical and electrical character-
istics of the system will be discussed along with a
computer program which calculates the magnetic
field shape in the vacuum chamber as a function of
PFW current and other machine parameters.

Physical Arrangement

The ZGS has eight vacuum chambers in its ring.
Figure 1 is a cross section of one of these chambers
showing the position of the PFW's, Windings from
different chambers occupying the same position in a
pole face are series connected in one of the two ways
shown in Fig. 2, Those windings which eaclose a
small area of the pole face are connected eight in
series and powered by a single regulator. Those
windings enclosing a large area of the pole face are
connected four in a series ia order to reduce the for-
ward voltage on the output transistors of the current
regulator. The two regulators required in this con-
figuration have the same output current. The entire
PFW system has 84 regulators controlling the current
in 56 windings,

The Current Regulators

Current controls were built into the system which
independently counteract the effects of the remnant
magnetic field, the eddy curreats in the titanium
chambers, and the eddy currents in the main magnet
laminations.
effects are given below.

The corrective currents for these

Remnart Field

The remnant field opposes the fields caused by
the eddy currcnts, Since PEW current is uni-
directional, the total current in the PFW's is reduced
by CIi A where (0 = C =1,0) and Ij is variable for

cach wi

Titanium Chamber Eddy Currents

A current of A d‘? X :(]‘C-t/ T]) flows in each
winding “ :

where (Bt -r]< N.1s

0<A L0
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B = magnetic field in the main magnet
variable for each winding
t = 0 when the magnet field begins to rise

Eddy Currents in the Magnet Laminations
ds
dt

of the windings where 0 < ™ < 0.1 s and all other
terms are as before.

A current of (1-A) Xi( l-e-t/TZ)flows in each

Median Plane Shift

In addition to the above controls, the current in
each top winding is multiplied by D (0 = D =1, 0} while
the current in each bottom winding is multiplied by
(1-D)}. In this manner, the magnetic center of the
vacuum chamber can be shifted.

The total current through the ith PFW located on
the top of the chamber is then

I.=D 'Clﬁ(%%xi)[A(l-e-t/Tl) + (I-A)(l-e't/TZ)]

Current ceases to flow in the windings when the
magnet reaches full field,

Computer Program

A computer program has been written that pre-
dicts the effect of the PFW currents on the vertical
betatron tune. The PFW currents are read into the
computer (Control Data Corp. 924A) which calculates
and plots on a large CRT screen the tune values as a
This pro-
gram, together with a device that automatically mea-
sures the vertical tune at different nositions across
the vacuum chamber,! enabies us to quickly establish
a flat tune in the ZGS, TFirst, the predicted PFW
currents® are read into the computer and the expected
tune plotted on the CRT screen. The actual measured
tune is then plotted on the same screen. Hypothetical
changes in the PFW currents are then read into the
computer in an attempt to compensate for any devia-
The computer calculates
and plots the new tune configuratior on the CRT
screen, If the tune change produced is satisfactory,
the actual current changes are made in the PEW s,

function of radial position in the chamber,

tions from the desired tune.

After only a few repetitions of this process, a zero
magnetic field gradient is established, Figure 3

shows the CRT screen during the program's opera-
tion., The desired tune is indicated by the horizontal

R I Ym oy . P N N-RC L 1% - Taar a i
dashed line, the measurcd tune by the angled line,
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it becarme immediately apparent that our ability to
accelerate beam was extremely dependent on having R B T S i S S AN N e et s
the correct currents in the PFW's, A small current M ’
change in even one of the windings resulted in a sig-

SPOLE FACE WINDINGS ¢

nificant lowering of beam intensity, An oscillating // II R \‘ ________ L_A
current of 5 kHz in a winding near the center of the / \.\
chamber resulted in the loss of most of our beam, ~RETURN PATHS FOR THE RETURN PATHS FOR THE —
even though the current through the winding was only gfl?N?'wgs(:EL%gR'ﬁNléEFT g}NgwEGSCESTE:EINREIGHT

a few amps. In order to spot deviations from the nor-

mal current distribution in the windings as quickly as Fig. 1 Vacuum Chamber Cross Section

possible, the output voltage of every current regula-
tor shunt was monitored, Using a multiplexer, these
8+ voltage values were simultaneously displayed on

an oscilloscope as a series of steps, This enabled a wout | cunment
machine operator to quickly identify a regulator that RE&JLMOSJ__.E;'LE——;[ F’:T": == ‘;--—,:']E(v:—ﬂ_%

was oscillating or grossly in error. In addition, a1l ~ —— | L__A-J U I N O /“_1 'L___, Lo
of these voltages were destructively stored in the ~_VACUUM CHAMBERS -~

control computer every ZGS cycle, and a printout was
available on command. The institution of this moni~ current )
toring system saves much valuable time in diagnosing RECULATOR,

PEFW problems, INPUT

In addition to the above monitors, an error detec- PR
tor was built into the system, This detector samples RCELQE:;R e e e i —
the voltage across a precision shunt connected in O
series with each winding, This signal is then com-
pared to the drive signal. If the currént through any
winding differs from what the drive signal demands hy

Fig. 2 PFW Interconnections

more than 5%, an alarm is sounded in the control FOLE SaCE INGING PDIUSTAENTS FOR £O01 CURRENT COREECTIRNS.
R :
room, This monitoring system alone was inadequate S ¢
in that neither loss of drive signal nor current oscil- RN
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lations were detected. 5
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The PFW's have proved to be very effective in
modifying the magnetic field inside the vacuum cham-

~RY 1% ~17 18 ) 15 17 a2y

bers of the ZGS., Figure 4 shows the vertical tune e Te e e Prorremamae e s
variations in the 2GS as a function of magnetic field

before and after the installation of the new chambers,

The dashed lines indicate conditions in the 'old" ZGS s e e e TV W e P W

at various radii, while the solid line indicates present e 2 W e TR T .

conditions at all radii, The magnitude of the PFW T S VR

currents needed to establish this flat tune is some- T ’ : : -

what less than was predicted, 24 A being the maxi-
mum current through any winding, We have great
coafidence in our ability to use the monitors, tune

detector, computer, and current controls to effect a O.OGI— LTI R-6"
flat guide field in the ZGS., ooak
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