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Abatract. - The SSC dipole sagnet developaent
program includes the design and comstruction of
full langth sagnet sodels for heat leak and
magnatio seasurements and for the evaluation of
the performance of strings of magnets. The design
of the model magnet oryostat is presented and the
production experiances for the initial long magnst
#odel, a heat leak measursssnt device, are
related.

CRYOSTAT DESION

The oryostat sust faoilitate proper magnetic
functioning of the magnet assembly housed within
i1t, provide low refrigsration loads, be highly
reliable and be aass produceabls at low cost.
Conditions that ocontrol and affect the oryostat
design inolude magnet sssembly; transportstion and
inetallation; and transient, steady-state and
upset operating oonditions. Component design
considerations include fluid flow, material
performance, structural integrity, positional
stability and thermal performance. FMmnctional
design tradeoffs are used Lo optimize the
effectivensss of each component as 1t relates o
the overall, loang-ters performance of the
integrated magnet system.!

General Arrangement

The general oryostat arrangement is shown in
Figures 1 and 2. The major elements are the
cryogenic piping, oold sass assembly, thersal
shields, suspension system, insulatiom, vacuum
vessal and interoonnections,

Cryogenic Piping

Tha orycstat assembly contains all piping
that interconnscts the magnet refrigeration system
throughout the ciroumference of the ring. A
system consisting of five pipes was sslected for
eryogenio and sagnet safety reasons. The pipes
are the oold sass helius contairmsent sssambly, the
3.35K helium fluid return and reccoler supply
pipe, the 1.35K heliwm gas return pipe, the 20K
belfum thermal shisld ocooling pipe and the 80K LM,
thermal shislé oocling pipe.

Colgd Mass Assembly

The ocold aass asseabdly comslsts of the bemm
tube, collared coils, stacked lron yoke
lminations and outer helium contaimeent shell,
Joined together to provide a leak—tight and
structurally rigid velded assembly. The helium
contaimment shall ia the principal “structural
slement of the cold mass assembly and provides the
required flexural rigidity between suspension
potnta.
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Figure 1. Cross section of the dipole magnet
*  assembly at a support looation,

Figure 2. External details of the dipole magnet
* assembly. The cald mass 13 supportsd
at flve points relative to the vacum
vassel which is the principal
flexural almment of the sasmmbdly.

Superoritioal helium at ¥.5K and ) ata 1s
passed through the oold mass sssembly to remove
heat and to maintain the cofl tempersture at or
below 8.5K. The static heat load from conduction
and radiation iz estimsted to be 0.02 W/a and that
dus to symchrotron radiation is 0.12 W/m. The
synchrotron radiation load is seen by the helium
betwesn the beam tube and the inner ovoil. The
annular aperture for this helium flow is amall;
however, the load is transferrsd radially by the t
g/s flow that passes through the region to the
main coils and subsequently to the sain helium
flow. Approximately 100 g/= total flow is
required to linit the temperaturs incroass to less
than 0.2 between recoolers spaced svery 200 m.
This larger flow passes through the four holes in
the yoke laminstions.



Thermal Shields

Thermal shielda, maintalined independently st
20K and 80K, surround the cold mass assembly.
They absord the radiant heat flux and provide heat
sink stations for the suspension aystem-
intercepta. The shields ars constructed of
alusinum. The shields are supported by, and are
thermally anchored to, the ¢old mass assembly
supports. The liquid and gaseous helium return
pipes are supported from the cold mass assembdly by
hangers.

Suspension System

The coid mass assembly and thermal shields
with their distributed statio and dynamic loads
ars supported relative to the vacuum vessel by the
suspension system.® The aystem functions under
conditions that include assembly, transportation
and installation, magnet ocoldown and warmup, and
magnet steady-state and transient conditions. The
cold aass and shislds ars supported st five points
along their lengths. The number and location of
the support pointa wers determined by the 0.5me
cold mass assembly beam deflection limit and dy
the need to sinimize the nuaber of support points
for reasons of fabrication and heat leak,

After consideration of tension member,
coapression sesber, elliptical arch and post type
suspansion systeas; a reentrant post support uas
selected. The support's insulating sections are
fiber reinforced plastic (FRP) tubing having
metallic connections and heat intercepts. The
Junctions betwesn the FRP tubing and metallic
connections which wust be abls to affectively
transsii tension, coapreasion, bending and
torsional loads, are made by shrink Fitting.
Control of internal axial and radial thermal
radistion is achieved dy the use of multilayer
insulation.

Proper design of the thermal connections
batween the 20K and 80K intercepts of the supports
and the thersal shislds {s essential to control
the heat leak. X 5K temperature rise at 80X and a
1K temperature riss at 20K are budgsted. The
details of the therwal connsctions are showm in
Figure 3. ‘ -

The support post is fixed at its 300K end and
incorporates a slide at the cold end to
accommodate the axial differential contraction
between the mid-span anchored cold sass assembly
and the vacnnm vessel. Analysis of transient
conditions indicates thet significant transient
bowing of the cold mass assembly is not expectad.
The 20K and 80K ahields will undergo transienst
bowing, sc the shisld-post Intarfaces ars designed
to allow for relative motion.

In arder to peramit the support to withstand
the lateral handling oads without incurring a
severs operational heat leak penalty, ths design
incorporates an integral, coaxial, resovable
shipping restraint. The restrsint is inmatalled at
the time of magnet assembly and fs removed at the
site. The details sre shown in Figare A,

Figure 3. Heat intercept linkage betwesn
support post and thermal shields,
Large area oables with welded
connections provide a low AT across

the oconnection.

‘Figure N. Support post with integral shipping
and handling restraint installad,
The restraint resists lateral loeds.

The orycetat incorporates a similarly
reaovable axial shipping restraint. This
restraint provides a atrong axial tonnection
betwesn the cold uass assembly and ths vaouum
vesss]l shell. It is installed during magnet
asseably and is removed befors aryogenic
operation.

Insulation

Insulation 1s installed on the 50K and 20X
surfaces. The insulation system consists of flat,
reflective radlation shields of aluminized Mylar
rilm with randomly orientsd riberglass sat spacers
and is prefabricated in blanksts of 13 Mylar and
12 fiberglass layers. Four blankets are installed

on the 80K surface and one 1s installed on the 20K
surface.



Vacuum Vesgel

The vacuum vessel provides the insulating
vacuum space as well as the connection for the
support system of the magnet to the tunnel floor.
Since the vessel has no magnetic requirsaents,
candidate materials were carbon steel, stainless
steel, 9% nickel steel and alumimm. Carbon steel
was selected for reasons of cost,

Interconnectlions

Mechanical and electriocal interconnections
are required at the magnet ends. It is essential
that the connectionps be straightforward to
assemble and disassembls, compact, reliable and
low cost. The mechanical connections are beam
tube vacuum, cold mass assembly helium
contalnment, helium lines, ahield lines,
insulating vacuum, thermal radiation ahield
bridgea and insulation. The electrical
connections are magnet current bus, quench bypass
bus, quench protection diodes, inatrumentation
leads, quench detection voltage taps, oorrection
coil leads, ete.

The interconneotion design stresses ths
assembly and disassembly operations in the $3C
tunnel. The resulting gecmetry permits the use of
automated welding and cutting equipment that is
essential for installation effiofency and
interconnection reliability.

Heat Leak

The estimated heat leak totals for the
installed cryostat are 27 watts to 50X, 3.3 watts
to 20X and 0.32 watta to 4,35K. Other
contributions to the total heat leak at 4.35K
include 0.1 watt/dipole due to conductor splioe
ohaic heating and 2.34 watt/dipols due to
aynchrotron radiation.

LONG MAGNET MODEL PRODUCTION

The long (16.6m magnetic length) sagnet model
program 1a intended to evaluate the functional
nature and produceability of the conceptual
design, to evaluate produstion methods and
proceduresa, to add to the production cost and time
data base and to produce test articles for the
continued experimental evaluations of the magnet
design. The present progras includes s heat leak
model and ¥ to & magnetio models for magnetio
measuremsnts and string tests.

Internal Asseably

As the initial operation of magnet assembly,
the cold masa asssably i» located on an asaembly
station. Suspension system slide cradlss with the
associated support subassembly and alignment
fiduoials are installed on the cold mass asssably
as shown by Flgure 5.

At the next assembly station, the axial
anchor subassembly and helium return lines are
attached as shown in Figure 6. The support heat
intercepta are attached and the 20K and 30K

shlields are installed in sections as shown {n
Flgure 7. The insulation blankets are installed
followed by heat conduction straps. The complete
internal assembly is ready for insertion into the
vacuum vessel,

Figure 5. Installation of support asseably on
¢cld mass assembly. Cables provide
the thermal linkage between the
shields and the support post heat

intercept statioms.

Figurs 6. Midspan support point with support
post and anchor assemblies. Helium
return piping is in the background.

Vacuus Vessel Asasmbly

The vacuum vessel 1is fabricated from steel
pipe with precision mounting feet attached as
shown in Figure 8, The machined surfaces of the
feet are perpendicular and parallel to surfaces of
the supporta. This arrangement provides the
aligmsent of the centar of the cold mass beam tube
with respect to the vacuum vesael shell. End
rings to hold shipping restrainta and reinforcing
segments at the support points are attached. The
assembly Is then transferrsd to the finsl assembly
station vhere the aligmaent and cold mass
subassembly insertion track i{s installed.



Insertion

The internal assembly and the vacuum vesasel
assembly are aligned and a siide and pulley system
is used to draw the cold mass into the vacuum
vessel as shown in Flgure 9.

Figure 7. Insatallation of thermal shields and
© insulation. The 20K shield is
installed and insulated with a single
MLI blanket. The lower portion of
the BOX shield is being installed,
The cold nass assembly is for heat
leak measurements.

Flgure 8. Completed vacuum vessel assembly.
The vacuum vessel with aligned
support feet has been welded, leak
checked and is ready for the
insertion of the internal assembly.

Precision fixture points, together with the
precise location of the support feet, locate the
internal asseably relative to the vacuum vessel,

A system of optical fiducials is checked to assure
the correct alignment. The assembly 1s clampad
and welded together., All external vacuum vessel
alignment fiducials are set. The magnat is then
inspected and shipping reatraints inatalled.

The inftial long magnet model, an assembly
intended for the measurement of cryostat heat
leak,’ {3 shown in Figura 10 and has been
assembled by the abovementioned procedurea. The
model is identical to a magnet model with the
exception of a simulated collared coll assembly
and the addition of Inatrumentation for the
measurement of temperaturs, force and
acceleration.

Figure 9. Internal assembly (foreground) and
VACUL vessel assembly (background)

at the beginning of insertion,

Figure 10. The completed center sectlion of the
: dipole heat model being loaded for
shipment to the test facility.



The asseably of the heat leak model
progressed ssoothly using the as designed
components, tooling and procedures. The &ssembly
exparience resuited in an improved underatanding
of the production process. The sajor conclusions
resulting from the initia)l production experisnoe
are as follow:

« The design can be Improved, in a
straightforvard manner, with regard to
function and produceablilty.

+ The design lends itself to mass production:

’ = Components from a varisty of sourcea

Subsyates preassasbly and inspection

Subsystem transfer bDetwesn work statioms

Assembly, sligneent and inspection with
speoialized tooling

« High quality can be achisved with as procured
*  componants, production assesbly procedures and
toaling and production travelers.

. The "slide in" assembly method works well.

. Cryostats are recyclable.
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