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The proposed Superconducting Super Colllder high energy physice
research facility will entail one of the major cryogenic system
undertakings of the nest decads. The two 30 Ka diaseter sccelerator rings
contain an integrated system of «10,000 supsrconducting devices that sust
have lov capltal cost and operats reliably and efficlently over the

lifetime of the machine.

The design for the «8,000 superconducting dipole sagnet a-yoatats has
besn devsloped and evalusted by both osomponent and systems tests. The
details of the design ars presented along with sumaries o the
experisental eovaluations of the suspension systes, insulatiom, transient

phencaena, systess' perforsance, ete,

Ferzl National Accelerator Laboratory
Batavia, Illinois

The proposed Superconducting Super Collider
(1) (SSC) 1s an advanced high energy physics
ressarch derice. The machine will consist of
two 30 km diaceter rings that will accelerate
protons to energies up to 20 Te¥ prioe to
their collision in particle physics detection
facilities. For reasons of Dboth performance
and cost, the rings will incorporate
superconducting magnets to bend {dipole) and
focus (quadrupcie} the particle beams,
Approximately 10,000 superconducting devices
will be utilized in the SSC.

The superconducting sagnet e¢ryoatat is a
eritical SSC component., The cryostat msust
facilitate proper sagnetic function, provide
low refrigeration loads, be highly reliabdle
and be mass producible at low cost,

The development of the eryostat utilized
the extens{ve experience gained in the design,
comstruction and operation of the Fersilad
Tevatron superconducting magnet system (2).
The Tevatron is an operational 0.8 Tev
proton-antiproton accelerator that consists of
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2 single 1.6 km dlameter ring that wutilizes
=000 superconducting devices. Also utilized
were earller 5SC cryostat design efforts of
the ironless ccad dipole magnet (3} and the
¢old iron coag dipols (}) prograss.

Conditions that control anéd affect the
cryostat  design inctlude magnet assembly;
transportation and installation; as well as
transient, ateady-atate and upset operating
conditions. Component design conalderations
include fluld fiow, saterial performance,
structural inotegrity, position stability,
thermal perforsance and thermal contraction.
Functional gdesign trade-offs wers wed to
optimize the effectiveness of each component
43 it relates to the oversll, long-ters
performance of the intagrated
Ragnet-eryogenics system,

CAYOSTAT GENERAL ARRANGEMENT

The oryostat general arrangement is as
shown by Fig, 1 and 2. The major ¢leents are
the cryogenic piping, cold mass assembly,
suspension systea, thermal shields,

insulation, Tacuum vessel and the
fnterconnection region.

CRYOGENIC PIPING

The cryostat assemdly contains all piping
that intercommects the magnet refrigeration
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system throughout the circuxferences of the
accelerator ring. A flve plpe systea has beesn

selected for cryogenic and magnet aafety
TEAIONS:

. Plpe1: The ccmplete c¢old mass helium
containment subasseebly that delivers the
supply of 4.5K single phase liquid hellus
that flows aercund the Bean pipe and
through the wmagnet’'s asuperconducting
collared coll assembly.

., Pipa 2: The X 1ligquid beliun recooler
return pipe. *

. Pipe 31 The 5K helium gas return pipe.
The SK gas 1s generated {n the heliwm
recooler asseblies spaced around the
accelerator ring to  regulate the
tesperature of the single phase helium
that cools the pagnet oolls. The 5K gas
line reduces the pressure arop across the
magnet and thus reduces the assoclated
temperature gradient.

., Pipe 4; The 20K thermal 3hield cooling
pipe. This pipe connecis to the helwm
reliaf header during system cooldown or to
the return or supply headers during
operaticn, The 204 llne rovides quench
buffertng.

. Pipe 5: The 80K thermal ahield cooling
pipe. This pipe conneczts to the liquid
nitrogen return or dupply header.

Figure 1 Cryostat Cross Section at a
Suapenaion Point '

COLD MASS ASSEMBLY

The cold mass asseaply comists of the
accelerator beam tube In which the protons
circulate, the superconducting <039  wound
collared coils, stacksd iron yoke laminations,
outer hallus contalnment shell and alignament
flducials; all jolned together to provide a
leak tight and structurally rigld welded
asamdly. The halium contaimment shell 1s the
principle structural slement of the cold smasa
assemdly and provides the required flaxurasl
rigidity between suspension ppints,
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Figure 2 Cryostat Plan and Elevation Views

SUSPENSION SYSTEM

The cold mass assemdly (4.51) and thermal
shields (20 & B0K) with their distributed
statie and dynamic loads are supported
relative to the vacuun vessel {300K) by the
suspension system., The aystems Tunctions under
conditions that include assemblys;
transportation and Installatliom; magnet
cocldown and warmup; magnet asteady-state
operation and upset conditioms. Required
attributes are: low heat leak, high
reliability, dimensional stabllity,

installation and adjustzent ease, and low
cost.

The cold mass and shields are 3upported
at five pointas along their length. The number
and loeation of the asupport polints were
determined by the analysis of the deflection
of the cold mass assembly as & beam and the
need to minimize the nuaber aof support points
for reasons of magnet Tabrication ease and low
heat leak.

After consideration of tension member,
cowpreasion wember, elliptical arch and post



type suspension systems; & cylindrical post
type support  (5)  wvas  selecied. he
significant features of & post suppori are as
follow:

Load Carrying Yersatility - The
eylindrical sectlion results in a rersatile
support member that can carry tension,
coapression, bending and torsional loads.

+  Tharsal Contraction Structural
Insenaitivity - The post configuration
provides connections to the cold sass and
thersal shields that perait axjal sction
relative to the post as they contract and
thus reduces load changes due to thermal
trans{ents.

, Low Heat Leak ~ The wuse of [liber
reinforced plastic (FRP) materials with
effective hest intercepta results Iin
predictably low heat leaks. A minisum
mmber of penetrations through the shislds
and their {insulation are required, vhich

reduces the potential thersal radlation
heat [lux.

. Integral Restraint - The hollow, central
region of the post permits the
inastallation of an integral restraint
pember that connects the warx and cold
ends. The restraint 1ia employed during
transportation and handling and {s resmoved
prior to operation.

. Installation and Adjustment Ease - The
post, tnvelving a single support rember at

a suspension point, simplifies
inatallation and adlustzent.

The details of the reentrant post support
are given by Fig. 3. The lnsulating sections
are tubing with metallic interconnectiaons and
heat iIntercepts, The gecmetry was delermined
by simultaneocus considerstion of  stress,
deflection, Theat leak, creep effects and
installation requirements,

Shrink fit Jjunctions between the FRP
tubing and the metallic connections are
saployed to peralt effective transaission of
tension, compressicn, bending and torsional
loads, To understand the long term 3tability
and thas reliability of shrink fit junctions
for FRP materials, creap tests of
representative Jjunctions have Dbeem wade,
Creep extrapolations to the sachine 1life (20

yr) predict no significant loss in joint
strength.

A post support 13 subject to internal

axial and radial thersal radlation that can
significantly affact thermal performance.
Contral of such radiation 1s achleved DBy the
yse of multllayer jnsulation,
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Figure 3 Reentrant Support Post Cross Section

Proper design of the thermal comections
between the support's 20K and 80K inte-cepts
and the thermal shields is essential to
sininize heat leak. A SX temperature rise at
80K and a 1K temperature rise at 2K were
budgeted. The corresponding  heat  leak
increases are 103 to 20K and 8% to M. SK.

The support post 1s fixed at 1ts 200X end
and Incorporates & slide at the %,%K end to
accommodate the axjal differentisl contraction
between the aid-span anchored cold pass
assembly and the vacuum vessel.

Significant transient bowing of the oold
#ass assembly s not expected  due to its
atructure, location of helium flow paths and
cooldown and warmup procedures to be smployed.
The ahields will undergo transient bowing and
the shield-post interfaces are designed to
allow the relative motions while providing
support .

Straight post type supports were employed
successfully 1in SSC ironlesa cos® magnet
development program {6). The posts perforwed
to design, both structurally and thermally. 4
reentrant tube post support, {nstrumented with
temperature sensors, was installed and
evaluated {n a specially configured heat leak
peasurement dewar (7). The heat lesk and
temperature distribution results are 23 shown
in Table 1. The wmeasured vs. predicted



temperature profiles and heat
good agreement.

leaks are 1In
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Table 1 Thermal Performance of a
fepresentative Reentrant Poat

Inorder to permit the Doat support to
withstand the high lateral handling 1loads
without incuring a severe operatiocnal heat
leak penalty, the post design incorporates an
integral, ¢oaxial, removable shipping
restraint. The restralint i3 installied at the
time of magnet assembly and i3 removed when
the magnet arrives at tunnel level,

Inorder to permit symmetrical axial
thermal contraction at both magnet ends, the
internal ccoponents are anchored at mid-span,
The anchor consists of a palr of FRP struts
that connect the base of the mid-span support
post to the cold sass assembly.

Inorder to allow the mid-span anchor to
survive axial transportation and handling
loads withoyt incuring a severe heat leak
penalty, the cryostat incorporates a removable
axial shipping restraint, The restraint
provides a strong structural jxial connectlon
between the cold spass assembly and the vacuum
vessel shell. The restraint 1s installed at
magnet asseably and is removed when the sagnet
arrives at {ts specified tunnel locatiocn.

THERMAL SHIELDS

Thermal shieids, operating independently
at 20 and 80K, surround the cold mass assembly
to absord the radiant heat flux and to provide
heat sink atations for suspension intercepts.
The ahields are constructed from aluminue and
are fabricated from a combination of extruded
flow channels and rolled shapes.

The 5K liquid and gasecus hellum return
pipes are supported from the cold mass
assenbly by hangers. The 20 and 80K shlelda
are supported by and are therually anchored to
the cold mass assemdly suspension Systes.

A program to study thermal bowing (3) was
developed and carriad out as a part of the SSC
ironless cosd sagnet developaent programm. The
lnner thermal radistion shield wvas studied,
The thersal and structural response of the
ashisld, when subjected to a 100K differential
across the section, was modeled and predicted
by finite element aethods. GCood agreement was
achieved between the predicted and wseasursd
performance. The refrigeration system design
limits the transient shield thermal excursicns
Lo 100K,

During steady state operation, the

temperature difference acroes the shield 1a
K.

INSULATION

Insulation is fnstalled between the 300
and 80 and 20K surfaces.

The insulation system eoploys blankets
that consist of layers of flat, reflective
aluminized plastic fils radiation shields with
randam oriented fiberglass mat spacers. Four
blankets are Installed on the 80X surface and
one blanket i3 inpstalled on the 20K surface.
Prefabricated transiticn pleces and well
defined {nstallation procedures are utilized
to eliminate Insulation system voids due to
assembly and differentiszl thermal contraction.

The insulation system's plastic subatrate
and the Tfiberglass wmat should not suffer
performance degradations when subjected to the
estimated radiation envirorment of 1 x 10° rad
over the machine 1§fe.

The design cryostat insulating vacuum 1is
10-* Torr with the cold pass assembly and
shisld at operating temperature. Tre
insulating vacuus will not have a permanent
punping systes. A vacuus putpout space equal
to the thickness of each insulation blanket 1s
provided around cne boundary of each {naulated
assenbly,

The finsulation system has
succeasfully employed 1in two, full ssection
model crycstats; f.e., 6§ = Magnetic Effects
Model and 12 a Heat Leak Model of the ironless
cos@ magnet development  program. The
radiation heal transfer factors employed for
the design were 6.1 x 10-! Wm-? to 80K, 7.5 x

been



10-7 Wm-' to 20K and 2,7 x 10-" We-* to A.SK.
Tha lnsulation system was readily sanufactured
and performed well during heat 1eak
seasurements at good; it.e., 10-* Torr, and
poor, {.4., 10-? Torr, vacuums,

VACUUM VESSEL

The vacuum vedsel provides {(nsulating
vacuum and cold séss connection to ground.
The magnet assemdly procedurs incorporates &
slide~in Imsertion of a ooapleted internal
assembly into the vacuun vessel, The support
post-racuulm veasel connectlion provides for the
aligneent of the cold mass assembly relative
to the vacuum vessel aftsr Iinsertion. There

ia no capabllity for adjustment after
manufacture.

Since the vessel haa no magnetic
requirmmentsy, candidate materlals vere carbon

ateel, stainless steesl, 95 nickel stesl and
aAlumimm., Carbon »steel was aelected on the
basis of cost., The composition of the asteel
will be 2 compromise between the material's
sechanical properties and fabrication cost.

INTERCONKECTIONS

Mechanical and electrical
interconnections are required at the magnet
ends, It is essential that the connections be
straightforvard to asaemble and disassemble,
compact, reliable and low cost, The
wechanical econnections are beam tube vacuum,
cold nass assemdly helium contalimment, heliuwm
11ines, tquid nitrogen shield 1lines,
insulating vacuum, thermal radiation shield
bridges and lnsulation. The electrical
connections are ®sagnet cwrent bus  bars,
Quench bUypass bus bars, quench protection
diodes, imatrumentation leads, quench

detection voltage taps, correction <oil leads,
ete,

The interconnection design stressed
assenbly and disassembly operations in the SSC
tunnel. The resulting gecmstry permits the
use of autosated welding and cutting squipment
that is eassential for installation efficiency
and interconnection reliability.

For the Tevatron magnets, a large
fractlon of the dipole cost was for the ends.
Therefore, the ends of the SSC magnet have
been greatly simplified by using strajght pipe
connections between magnets, All pressure
tight connections are circular and incorporate
bellows for assembly and disassembly and to
allow for axial thermal contraction. For
piping, two bellows are employed in series to

The interconnection region Incorporates
20 and 50K hest shield bridges to asaintain
radistion hest transfer barriers. The dridges
are attached to the wmagnet shields by
riveting, with thersal oconnection by wmeans of
conductive bralds. A 3single Dlanket of
aultilayer Imsulation is installed on the 20K
shisld bridge.

Four blamkets of wultilayer

insulation
surround the 83K shield bridge.

HEAT LEAK

The crycstat heat leak conaists of twe
sajor ¢lememts, thermal radiation and solid
conduction. The budgeted oryostat heat leak
totals, determined In conjunction with the
design of the rafrigeration system, are 25
vatts to BOE, 2.5 watts to 20K and 0.3 watts
to 4.5k, Other contributions to the total
heat leak to the reflrigeration system include
0.1 watt/magnet to 4.5k due to conductor
splice ohmic heating and 2.0 wvatta/magnet to
4,5K due to synchrotron radiation.

The estisated center section heat leak

for the dipcie aagnet cryostat heat leak model
is as given >y Tabdble 2.

Table 2

Dipuie Cryostat Heat Leak Model
Center Section Heat Leak Prediction

Watta to Temperature

80 K 20 K NS K
. Theraal 17.68 1.778 002
Radiastion
. Cold Mass 6.53 .695 172
Supports
« Cold Mass 0.66 087 007
Anchor
Total 24, 87 2.52 0.19
Budget 25 2.5 0.3

In suport of the crycstat’s thermal
design, an extensive program of experimental
heat leak mexsurssents has bdeen conducted.
The progra included the mneasurements of
ccoponents; i.e., suspension system elements,
wultilayer Imsylation, ete. under both normpal
and upset; i.e,, partlal Joss of Insulating
vacuum, coeditions, The results of the
cocoponent seasurements program confirmed the

abllisy & accurately pradiot thermal
perf ormance.



The prograa alzo included seasurwments of
full length magnet thermal podels. 4 full
length 12 a long cryostat model torrasponding
to the Ircnless cosd dipole wsagnet was
constructed and Ywat leak seasuraments vers
asde. The cold iron ¢0sd cryostat development
progras includes an 1dentical open cycle
evalustion of & full length 7.5 a dipole
aagnet, cryostat (). T™e acdel was
nanufactured 1in & prototype sagnet production
facility and used production ccaponents,

toollng, sanufacturing procedures and quality
control.,

Clocsed cycle bBeat leak measurements of &
string of flve magnet cryostats, with a
Plowing oryogenic systes are alsc & part of
the sagnet developmant progrm.
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