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Abstract

Ring' will require large aperture dipole magnets, stroni
focusing quadrupole magnets, and smaller low fiel
dipole, quadrupole, and sextupole correcting magnet
All of the magnets will provide a fixed magnetic field
throughout the accumulator's fill/storage/extraction cycle :
Similar fixed field magnets will also be provided for the END_VEW £ND_viEw
beam transport systems. Because of the high intensity
the accumulator, the magnets must be designed with hi
tolerances for optimum field quality and for the high
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radiation environment which may be present at th =0
injection/extraction areas, near the collimators, and ne -~ T : ;
the target area. Field specifications and field plots al . ‘ =/

I0P VIEW
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presented as well as planned fabrication methods a o b v
procedures, cooling system design, support, ar &

installation.
1 INTRODUCTION @

The performance requirements for the magnets have be =2

defined and the magnet cross sections have be wes woNeT seHET
. . .. QUAD, HEBT (QH12) QUAD. RIie. %%,}20)) ‘QUAD, LG, RING (QR30)
designed. Table 1 provides a listing of the DC magne QUAD; RTBT (GRT20)

required for the ring, the high energy beam tranéporfigure 1: Major Magnet Cross Sections

(HEBT) line from the Linac to the ring, and ring to target

transport (RTBT) line from the ring to the target.Preliminary studies of the magnetic fitid the gaps have
Wherever possible magnets will be shared between theen completed. All of the magnets are conservatively
three different systems. The cross-sections for the majdesigned to achieve the required field accuracy without

magnets are shown in figure 1. expensive machining, special quality steel, or heat
treating of the steel after fabrication. The magnet pole
MAGNET | Location| Aperture | Field | Qty. tips will have to be machined to a tolerance of + .05 mm.
TYPE x Length kG The mating pieces in the magnet must be within + .05
Dipole Ring 17x45x1500 7.1 32 mm. 1006 steel will be used throughout the core
Dipole HEBT 8x30x250 30 13 including the pole tips. Figures 2 and 3 are field plots for
Dipole RTBT | 17x45x250] 7.1 1 the ring dipole and standard ring 20 cm. quadrapole.
Quad. H&L 12x50 27| 25 AN
Quad. Linac 12x50 2.7 2 SN
Quad. R, H,RT  20x50 | 3.4 77 //f//;«f\ii\
L. Quad. Ring 30x50 | 45| 8 ///;/;;///;\\\
VL.Quad. | RTBT 36x80 | 36] 2 /?///////*\Q\X\
Corrector | HEBT | 12x12x20] _0.3] _ 27 /7// ///A%:\\\\ \\
7 AN
Correctors | R,H, R1__ 20x20x3q 0.4 7 y /////// . -
)

Table 1 /%W/(/ 0 . N
_ R
*Work performed under the auspices of the U.S |

NN
Department of Energy. PROB. NAME = NSNS QUAD 4,97 CYCLE =
Figure 2: Ring 20cm Quadrupole Field Plot
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960 reduce the load on the water cooling systems. All of the
coils will have a single pass water cooling passage which
will reduce the number of water fittings which can leak or
fail to a minimum. The exception to this rule will be the
high field quadrupoles. Space limitations at the ends
require current densities of up to 450 amp$/ont these
magnets will be sized for single pass coils.

The coils will use a modified epoxy/glass insulation
which is used on AGS magnets in high radiation areas.
Radiation protection will be provided by wrapping the
coils with the glass tape which has a Kaptdayer.
Manufactured by August Krempel Co. Stuttgart,

PROB. NAME = NSNS RING DIPOLE 4,97 CYCLE = 1 Germany, this material prOVideS the radiation prOteCtion
_ _ _ _ of Kaptorf with the bonding ability of glass fiber and
Figure 3: Ring Dipole Magnet Field Plot epoxy. Because the manufacturing method for this

insulating material is the same as a standard glass wrap
insulation the increase in the coil costs will be small.

The magnetic cores must be accurate, inexpensive,

reliable in a high radiation environment and easy tdlagnesium Oxide mineral insulation has been used for
maintain. Low carbon steel cores manufactured fromery high radiation resistant coils in special ate@ge
solid plate will meet these requirements. This methoghost common commercial use for this type of cable
was used to fabricate the large core for the G-material is high temperature resistant heaters but it is sold
experiment superconducting magnet and is usesith copper conductors. The coil material is expensive
throughout the AGS for the DC magnets used in the beaand it must be carefully formed with large radius bends to
transfer lines. With computer numerically controlledprevent damage to the insulation. The mineral insulating
machine tools the steel cores can be machined to higtaterials are very hydroscopic and will break down if
accuracy and repeatability. The solid cores are rigiexposed to humid air for extended lengths of time. The
requiring minimum stiffening from the support structurecable comes with a grounded metal cover which must be
The magnets will be built so they can be “split” for easyerminated with a brazed ceramic feedthrough to keep the
installation of the coils and vacuum chambers. This wiltoil insulation sealed. Because of the complexity of this
allow the chambers to be built in separate clean roontype of coil it will only be used in areas where high dose
with no welding required after magnet assembly. Theates are expected such as the last focusing magnets in the
coils and heater blankets will also be accessible shouRITBT transfer line near the spallation target.

they fail during initial testing.

1.1 Magnet Core Design

2 THE CORRECTOR MAGNETS

For the small quantities required for the various sizes anc#]e corrector magnets are based on the new low field

shapes in the accumulator the solid core is significantl d in both th 4 th s
less expensive then a laminated core magnet. The RH] gnet§ used in ot t.e AGS and the AGS Booster
ey will be air cooled window frame magnets. Kafton

injection transfer line magnets were built with 1.1 X 107

Ibs. of steel laminated cores which cost $2.75/Ib in 199(9.0‘5"[,6d wire will be wrapped around the steel Ieg of b_ox
The G-2 ring which contains 1.6 x *1®s. of solid steel or diamond shaped magnets. Each magnet will provide

block of various sizes and shapes was built for $1.75/lb S'tther horizontal or vertical dipole correction. In

the same time. The magnets in the accumulator rings afgdition, the correctors in the accumulator ring will be
transfer lines will require ~1.4 x 1bs. of steel. wound to provide quadrapole, skew quadrapole, or
sextupole correction.

1.2 Magnet Coil Design 3 WATER COOLING REQUIREMENTS

The magnets will be designed with low current densitgqr radiation resistance and reliability, metal fittings and
(>350 amps/cr) copper coils wherever possible.  Theyhing will be used to carry the cooling water to and from
low current density will reduce the resistive energy 10Sge coils. The coil water lines will be mounted on

in the coils and keep the voltage drop across the magngi{syjated stand-offs and routed to a common water
low. This will reduce the possibility of turn to turn shortsyanifold  on the magnet stand which will have an

occurring in the coil should the insulation be damaged Qyisyjated ceramic break. The integrity of the water
radiation. The low current density will also reduce th%ystem will be monitored by klixon temperature sensors

resistive heat loss in the magnet system. This will low&§n each coil and flow switches on each of the return lines
the power consumption of the accumulator and wilh, the manifold.
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All of the magnets will be cooled by the closed loop ring
water system. This system will also provide cooling fo
the RF cavities, special injection magnets, and speci
extraction magnets. The water system will only se
copper coils, copper cooling plates in the RF cavities, ar
stainless steel water pipe so corrosion in the syste . .o auspraroLe HEBT DIPOLE. OUABRAPOLE
should not be a problem. The collimators and bear ~ AHD CORRECTOR conss GaabtelER
dumps which contain steel and much higher activatio

products will be on a separate systems. The pumps, h
exchangers, and other ancillary equipment for the rir
water systems will be located in a separate water servic
building outside of the tunnels. Activated water from the j
ring will be kept in the tunnel or the service building RING DIPOLE, QUADRAPOLE

f . AND CORRECTOR
during normal operation. {DRI7, QR20, CR20)

4 MAGNET MEASUREMENT Figure 4. Magnets and Stand Assemblies
In addition to detailed field mapping of the first article 6 CONCLUSIONS

magnets, all of the magnets built for the NSNS magnﬁ[he magnets for the NSNS accumulator will be
0

nservativily designed for reliability in a high radiation
vironment and ease of maintenance based on
S%erience gained during the AGS Booster construction
and upgrades to the AGS facility.

systems be field tested after final assembly. This wi
serve as a final check on the quality of all aspects of ﬂé%
magnet assembly: the coils, the steel core, and the corr
connection of the leads.

5 STANDS AND INSTALLATION

Thte _(;nagfn?;s will be ||r1[stall_ed OT tthheuzu!fp((j)rt fraLne§he authors would like to thank the design help of R.
outside ot the accumutator ring. in the nds €ach pitter and C. Longo and the engineering help and advice

large dipole bending magnet will be mounted \.N'th th(‘%rovided by J. Cullen, C. Pearson, and A. Soukas.
corrector magnet and a quadrapole. In the straight areas

the quadrapole will be mounted with a corrector magnet.
This assembly will allow installation of a single vacuum ) _ _
hamb ithi Il of th t ithout '%L’] W.T.Weng, et al, “Accumulator Ring Design for the NSNS
chamber within all of the magnets without unnecessary’ project”, (these proceedings).

flange joints. All of the magnets can be aligned on thg] I(DhRaparia, etdal, ‘T)he NSNS High Energy Beam Transport Line”,

H these proceedings).

support frame with the vacuum chamber and thg, y 1" \icnzel “POISSON User's Guide”, LAUR-87-115, January
associated beam position monitors outside of the ring. 1987.

indivi i [4] “Moun g-2 Design Report”, Brookhaven National Laboratory,
All of the magnets on an individual frame will be AUI Upton, NY 11973, AGS 821 July 1992,

plumbed onto a single water manifold on the suppof$] A. Harvey, “Radiation Hardened Magnets Using Mineral Insulated

frame, all of the coil heat sensors will be wired into a_  Conductors”, LA-5306-MS, LANL, June 3, 1973 o
- block dth diati it il b 6] C. Gardner, et al, “Analyis of Resonance Driven Imperfections in

Fommon wiring block, an € radgiation monitors wi the AGS Booster”, The"£European Accelerator Conf. 1994

installed on the frame assembly as well. The completed

frame assemblies with magnets and instrumentation can

then be transported to the tunnel and moved around the

tunnel to their final position using the tunnel crane. The

frames will be placed on positioning jack stands and then

surveyed into final position. All of the magnets for the

Accumulator System will use similar frames for

installation and support as shown in figure 4.
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