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OPERATING EXPERIENCE WITH THE HEUB SUPERCONDUCTING DIPOLESY
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SUMMARY

Four large aperture superconducting dipole magnets
have been installed in the High Energy Unseparated Beam
at the Brookhaven AGS. This beam services the Multipar-
ticle Spectrometer (MPS) facility. The upstream two
magnets are mounted on a sliding base so that they can
also be used as part of beam A3. These two magnets
have been in use since the fall of 1976 and all four
magnets were In operation by the end of that year.
magnet power supplies are computer controlled by the
same system that operates the conventional beam line
magnets. In this paper the operating experience with
these magnets, theilr refrigeration system and the asso-
ciated instrumentation is summarized.

The

INTRODUCTION

The magnetic design and construction details of the
For convenience

dipoles have been covered elsewhere,l=3
some of the principal parameters are recapitulated in
Table I, Operational information is contained in a de-
partmental technical note.

TABLE I. Magnet Parameters
Inner diameter of windings 24,8 cm (9.75")
Inner diameter of warm bore
tube 20.0 cm (7.875")
Length of magnet core 254 cm (100"")
Magnetic length 229 cm (90

Total weight 11 x 103 kg (25 000 1bs)
Magnetic constant

{(unsaturated core) 15.14 G/A

The general physical dimensions of each unit are
shown in Pig, 1,

MAGNET PERFORMANCE

All four magnets reached or exceeded the design
field of 4,0 Tesla after a few quenches as shown in
Fig. 2. While the training observed was somewhat great~
er than that exhibited by smaller cross section coils
of similar design,” it was modest for such large, high
current density coils.

The magnetic field measurements have been presented
previously. »% The coils are designed so that the sex-
tupole component which arises from the partial satura-
tion of the iron core is compensated for by the sextu-
pole field due to the coil ends at 4 Tesla., At lower
fields the integrated sextupole component can be ad-
justed by an independently powered trim coil., A trim-
ming coil is also provided for the next allowed har~
monic, the decapole term. 1In actual operation it is
possible to reduce the integral sextupole component to
less than 4 x 10~3/cm? at all field levels, The two
downstream magnets are shown in Fig. 3 in the MPS beam.

REFRIGERATION SYSTEM

The refrigerator is the largest model 4000 CTi unit
built to date and has a capacity of 1500 W at 4,5 K with
liquid nitrogen precooling., Without preccoling the
capacity is reduced to 900 W. It is equipped with two
expansion engines but can operate at full capacity with
only one engine, The other engine can be serviced while
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Fig. 1, Physical dimensions of the HEUB dipoles (in.).
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Fig. 2. Training history of the four HEUB magnets,
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the machine is running. A large liquid storage vessel
(4000 £) is situated next to the reirigerator cold bem.
In the normal operating mode liquid is supplied from
this tank tc the magnets and the refrigerater intains
a constant level in the buffer tank, ZLiquid is supplied
to the magnets in a single line 83 m long., There are
two helium return lines sc that any magnets can be
cooled down while the others are full and under power.
These lines were vendor fabricated in 12 m section
and shipped

W
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3
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with the insulat evacuated.

s
both supply

&
measured heat leak for and return lipes
was approximately 0.25 W/m. The refrigeratcr conctral
panel is shown in Fig. %.
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Fig. &. Control panel for

INSTRUMENTATION

The electronic manitoring

s swvstem s designed to
centrol the system over long seriods of unattended op-

eration., Al important magnet and crvegenic wariatles
are alarmed to indicate eny malfunction, A faw ecriti-
czl alarms are interlocked with the power supplies anad
will shut ofZ pomer if cripped. The megnets are clamped
with rcoom temperature power dicdes sc that thay will
discharge sl~«1v ia the of a power failure, Zach
magnet has sensors for 2in current lead
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5. The lccaticn of the instrumentation senscrs on

each magnet.
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March 1975 and since that ctime it has logged

system acceptance rests were per-
formed in
re than 3300 h without major difficulties, The first
two dipoles were installed in August and first operated

beam A3 in September. The second pair of magnets
first energized in December 1976, Scme difficulties
e enccuntered with the cryostat vacuum of the last
et assemblad from the "remaining' pieces
Zaur "identical'' units, Wkile the quality of the
irn this dewar is not nearly as gocd as that
achieved in che other vessels it is stable and does not
contribute significantly to the heat load, The total
neat lcad seen by the refrigerator under normal coundi-
ons is approximately 550 W at 4.5 R, Cf this,the
represent about 00 W (100 eacb) and the trans-
ines and storage dewar,the remaining 130 W.
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