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Superconducting Super Collider Magnet Cryostat 

R. c. Niemann, w. w. Craddock, N. H. Engler, J. D. Gonczy, T. H. Nicol, 
R. J. Powers and C. H. Rode 

ABSTRACT 

The proposed Superconducting Super Collider high energy physics 
resec.rch facility will entail one of the major cryogenic system 
undertakings of the next decade. The two 30 Km diameter accelerator rings 
contain an integrated system of ·10,000 superconducting devices that must 
have low capital cce>t and operate reliably and efficiently over the 
lifetime of the machine. 

The design for the .s,ooo superconducting dipole magnet cryostats has 
been developed and evaluated by both component and systems tests. The 
details of the design are presented along with summaries of the 
experimental evaluations of the suspension system, insulation, transient 
phenomena, systems' performance, etc. 

Fermi National Accelerator Laborotory 
Batavia, Illinois 

·.·he proposed Superconducting Super Collider 
(1) (SSC) is an advanced high energy physics 
research device. The machine will consist of 
two 30 km diameter rings that will accelerate 
protons to energies up to 20 TeV prior to 
their collision in particle physics detection 
facilities. For reasons of both performance 
and cost, the rings will incorporate 
superconducting magnets to bend (dipole) and 
focus (quadrupole) the particle beams. 
Approximately 10,000 superconducting devices 
will be utilized in the SSC. 

The superconducting magnet cryostat is a 
critical SSC component. The cryostat must 
facilitate proper magnetic function, provide 
low refrigeration loads, be highly reliable 
and be mass producible at low cost. 

The :evelopCJent of the cryostat utilized 
the extensive experience gained in the design, 
construction and oper·ation of the Fermilab 
Tevatron suoerconduc~,ing magnet system {2). 
The Tevatro~ is an operational 0.8 f ,v 
prctcn-.::ntiproton accelerator that consists of 
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a single 1.6 km diameter rir·g that utilizes 
•1COO superconducting devices. Also utilized 
were earlier SSC cryostat design efforts of 
the ironless cose dipole magnet (3) and the 
cold iron cose dipole (.'.!_) programs-:-

Conditions that control and affect the 
cryostat design include magnet assembly; 
transportation and installation; as well as 
transient, steady-state and upset operating 
conditions. Canponent design considerations 
include fluid flow, material performance, 
structural integrity, position stability, 
thermal performance and thermal contraction. 
Functional design trade-offs were used to 
optimize the effectiveness of each canponent 
as it relates to the overdl, long-tern: 
performance of tc.e integrated 
magnet-cryogenics system. 

CRYOSTAT GENERAL ARRANGEMENT 

The cryostat general arrangement is as 
shown by Fig. 1 and 2. The major elements are 
the cryogenic pi pl ng, cold mass asse'.llbl y, 
suspension sys tern, thermal shields, 
insulation, vacu~~ vessel and the 
interconnection region. 

CRYOGENIC PIPI~lG 

The cryostat assembly contains all pipin€ 
that interconnects the magnet refrigeration 



syste01 throughout the circumference of the 
accelerator ring. A five pipe system has been 
selected for cryogenic and magnet safety 
reasons: 

Pl pe 1 : The complete cold mass hel 1 um 
containment subassembly that delivers the 
supply of 4.5K single phase liquid helium 
that flows around the beam pipe end 
through the magnet's superconducting 
collared coll assembly. 

Pipe 2: The 5K liquid helium recooler 
return pipe. 

Pipe 3: The SK helium gas return pipe. 
The SK gas is generated in the helium 
recooler assemblies spaced around the 
accelerator ring to regulate the 
temperature of the single phase helium 
that cools the magnet coils. The SK gas 
l lne r · duces the pressure drop across the 
magnet and thus reduces the associated 
temperature gradient. 

Pipe 4: The 20K thermal shield cooling 
pipe. This pipe conn~cts to the helium 
re:lef header during system cooldown or to 
the rett:rn or supply headers during 
operation. The 20K line provLes quench 
buffering. 

Pipe S: The BOK thermal shield cooling 
pipe. This pipe connects to the liquid 
nitrogen return or supply header. 
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Figure 1 Cryostat Cross Section at a 
Suspension Point 
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COLD MASS ASSE~9LY 

The cold mass assembly consists of the 
accelerator beam tube ln which the protons 
cl rcul ate, the superconductl ng cos El wound 
collared coils, stacked iron yoke laminations, 
outer helium containment shell and alignment 
flduclals; all joined together to provide a 
leak tight and structurally rigid welded 
assembly. The helium contal nment shell i~ the 
principle structural element of the cold mass 
assembly and provides the required flexural 
rigidity between suspension points. 
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Figure 2 Cryostat Plan and Elevation Views 

SUSPENSION SYSTEM 

The cold mass assembly (4.5K) and thermal 
shields (20 & SOK) with their distributed 
static and dynamic loads are supported 
relotive to the vacu\Jll vessel (300K) by the 
suspension system. The system functions under 
condl tions that include assembly; 
transportation and installation; magnet 
cooldown and warmup; magnet steady-state 
operation and upset conditions. Required 
attributes are: low heat leak, high 
reliability, dimensional stability, 
installation and adjustment ease, and low 
cost. 

The cold mass and sh! elds are supported 
at five points along their length. The number 
and location of the support points were 
determined by the analysis of the deflection 
of the cold mass assembly as a beam and the 
need to minimize the n~~ber of support points 
for reasons of magnet fabrication ease and low 
heat leak. 

After consideration of tension member, 
compression member, elliotical arch anc1 n<>~t. 



type su3peris:c.n systems; a cylindrical post 
cype suppor~ (5) was selected. The 
slgnlf!cant features of a post support are as 
foll ow: 

Load Carrying Versat!llty The 
cyllndrical section results ln a versatile 
support member that can carry tension, 
compression, bending and torslonal loads. 

Thermal Contraction Structural 
Insensitivity The post configuratlon 
provides connections to the cold mass and 
thermal shields that permit axial motion 
relative to the post as they contract and 
thus reduces load changes due to thermal 
transl en ts. 

Low Heat Leak The use of f !ber 
reinforced plastic (FRP) materials wlth 
effectlve heat lntercepts results in 
predictably low heat leaks. A minimum 
number of penetrations through the shlelds 
and their insulation are required, which 
reduces the potential thermal radiation 
heat flux. 

Integral Restraint - The hollow, central 
reglon of the post permits the 
installation of an integral restraint 
member that connects the warm and cold 
ends. The restra' nt is em;loyed during 
transportation and handling and ls removed 
prior to operation. 

Installation and Adjustment Ease The 
pos~. involving a single support member a~ 

a suspension point, simplifies 
i n3 tallation and adjustment. 

The details of the reentrant post support 
are g'.ven by Fig. 3. The insulating sections 
are tubing with metallic interconnections and 
heat intercepts. The geometry was determined 
by simultaneous consideration of stress, 
deflection, heat leak, creep effects and 
installation requirements. 

Shrink fit junctions between the FRP 
tubing and the metallic connections are 
employed to permit effective transmission of 
tension, compression, bending and torsional 
loads. To understand the long term stability 
and thus reliability of shrink fit junctions 
for FRP materials, creep tests of 
representative junctions have been made. 
Creep extrapolations to the machine life (20 
yr) predict no significant loss in joint 
strength. 

A post S'Jpport is subject to internal 
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axial and radial thermal radiation that can 
s!gnlf !cantly affect thermal performance. 
Control of such radiation Is achieved by the 
use of multilayer insulation. 
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Figure 3 Reentrant Support Post Cross Section 

Proper design of the thermal connections 
bet•2en the Jupport's 20K and BOK intercepts 
and the thermal shields is essential to 
minimize heat lea,, A SK temperature rise at 
BOK and a 1K temperature rise at 20K were 
budgeted. The corresponding heat leak 
increases are 10% to 20K anc B% to ~. 5K. 

The support post is fixed at !ts 300K end 
and incorporates a slide at the ~.SK end to 
accommodate the axial different;al contraction 
between the mid-span anchored cold mass 
assembly and the vacuum vessel. 

S!gnif icant transient bowing of the cold 
mass assembly is not expected due to !ts 
structure, location of helium flow paths and 
cooldown and warmup procedures to be employed. 
The shields 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 in SSC ironless cose magnet 
development program (~). The posts performed 
to design, both structurally and thermally. A 
reentrant tube post support, instrumented with 
temperature sensors, was installed and 
evaluated in a specially configured heat leak 
measurement dewar (7). The heat leak and 
temperature distribution results are as shewn 
in Table 1. The measured vs. predicted 



te:nperature profll0s and heat leaks are !n 
good agree~ ent. 
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Table 1 Thermal Performance of a 
Representative Reentrant Post 

Inorder to permit the post support to 
withstand the high lateral handling loads 
without incuring a severe operational heat 
leak penalty, the post design incorporates an 
integral, coaxial, removable shipping 
restraint. The restraint is installed at the 
time of magnet assembly and is removed when 
the magnet arrives at tunnel level. 

I norder to r-ermi t symmetri oal axial 
thermal contraction at both magnet ends, the 
internal components are anchored at mid-span. 
The anchor cons! sts of a pal r of FRP struts 
that connect the base of the mid-span support 
post to the cold mass assembly. 

Inorder to allow the mid-span anchor to 
survive axial transportation and handling 
loads without !ncurlng a severe heat leak 
penalty, the cryostat incorporates a removable 
axial shipping restraint. The restraint 
provides a strong structural axial connection 
between the cold mass assembly and the vacuum 
vessel shell. The restraint is installed at 
magnet assembly and 1 s removed whc.i the magnet 
arrives at its specified tunnel location. 

THERMAL SHIELDS 

Thermal sh! el ds, operating 1 ndependently 
at 20 and 80K, surround the cold mass assembly 
to absorb the radiant heat flux and to provide 
heat sink stations for suspension intercepts. 
The shields are constructed from aluminum and 
are fabricated from a combination of extruded 
flow channels and rolled shapes. 
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The SK liquid and gaseous hel!U!". re:urn 

pl pes are supported fran the eel~ cass 
assembly by hangers. The 20 and BOK shields 
are supported by and are thermally anchored to 
the cold mass assembly suspension system . 

A program to study thermal bowing (~) was 
developed and carried out as a part of the SSC 
i ronl ess cos0 magnet development pr ogra.~. The 
inner thermal radiation shield was studied . 
The thermal and structural response of the 
sh! eld, when subjected to a 1 OOK different! al 
across the section, was modeled and predicted 
by finite element methods. Good agreement was 
achieved between the predicted and measured 
performance. The refrigeration system design 
1 iml ts the transl ent shield thermal excurs! ons 
to 100K. 

Dur! ng 
temperature 
1K. 

steady state operation, the 
difference across the shield is 

INSULATION 

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

The insulation system employs blankets 
that consist of layers of flat, reflect! ve 
alumin!zed plastic ~llm radiation shields with 
random or! ented f 1 berglass mat spacers. Four 
blankets are installed on the 80K surface and 
one blanket is installed on the 20K surface. 
Prefabricated transition pieces and well 
defined in.etallation procedures are utilized 
to eliminate insulation system voids due to 
assembly and differential thermal contraction. 

The insulation system's plastic substrate 
and the fiberglass mat should not suffer 
performance degradations when subjected to the 
estimated radiation environment of 1 x 10' rad 
over the machine life. 

The design cryostat insulating vacuum ls 
10-' Torr with the cold mass assembly and 
shield at operating temperature. The 
insulating vacuum will not have a permanent 
pumping system. A vacuum pumpout space equal 
to the thickness of each insulation blanket is 
provided around one boundary of each insulated 
asse, .bly. 

The insulation system has been 
successfully employed 1 n two, full section 
model cryostats; i.e., 6 m Magnetic Effects 
Hodel and 12 m Heat Leak Hodel of the ironless 
cos0 magnet 
radi atlon heat 
the design were 

development progra.'TI. The 
transfer factors employed for 

6.1 x 10- 1 Wm- 2 to 80K, 7.5 x 



10-' 'o'rr.-' to 20~ and 2.7 x 10-' Wm-' to ~.SK. 
The insulation system was readily manufactured 
and perfor~,ed well during heat leak 
!'l".~a.;urements at goodi i.e., 10- 6 Torr, and 

:ior, 1.e., 10- 2 Torr, vacuums. 

VACUUM VESSEL 

The vacuum vessel provides insulating 
vacuum and cold mass connection to ground. 
The magnet assembly procedure incorporates a 
slide-In insertion of a completed internal 
assembly into the vacuum vessel. The support 
post-vacuum vessel connection provides for the 
alignment of the cold mass assembly relative 
to the vacuum vessel after insertion. There 
ls no capability for adjustment after 
manufacture. 

Since the vessel has no magnetic 
requirEments, candidate materials were carbon 
stEel, stainless steel, 9% nickel steel and 
aluminum. Carbon steel was selected on the 
basis of cost. The composition of the steel 
will be a compromise between the material's 
mechanical properties and fabrication cost. 

INTERCONNECT! Ot/S 

Mechanical and electrical 
interconnections are required at the magnet 
ends. It ls essential that the connections be 
straightforward to assemble and disassemble, 
compact, reliable and low cost. The 
mechanical connections are beam tube vacuum, 
cold mass assembly helium contalrunent, helium 
l!ms, liquid nitrogen shield lines, 
insulating vacuum, thermal radiation shield 
bridges and insulation. The electrical 
connections are magnet current bus bars, 
quench bypass bus bars, quench protection 
diodes, ins:.:'umentatlon leads, quench 
detection voltage taps, correction coll leads, 
etc. 

The interconnection design stressed 
assec:bly and disassembly oper1tior,; in the SSC 
tunr.c?l. The resulting geometry permits the 
use of autooated welding and cuttln« equipment 
that ls esssentlal for installation efficiency 
and lntercor.r.ectlon re' iablllty. 

:or the Tevatron magnets, a larg~ 

fr2c:ccn of the dipole cost was for the ends. 
Therefore, the ends of the SSC magnet have 
been greatly simplified by using straight pipe 
conncotions between magnets. All pressure 
tignt connections are circular and incorporate 
~ti~c~s for assembly and disassembly and to 
allcw for axial thermal contraction. For 
plpirg, two bellows are employed in series to 
Increase the tolerance to offset. 
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The Interconnection 

20 and BOK heat shield 
reg! on 1 ncorporates 

bridges to maintain 
barrl ers. The brl dges 
magnet shields by 

connect! on by means of 
single blanket of 

ls installed on the 20K 

radiation heat transfer 
are attached to the 
riveting, with thermal 
conductive braids. A 
multilayer insulation 
shield bridge. 

Four blankets of multilayer insulation 
surround the BOK shield bridge. 

HEAT LEAK 

The cryostat heat leak consists of two 
major elements, thermal radiation and solid 
conduction. The budgeted cryostat heat leak 
totals, determined in conjunction with the 
design of the refrigeration system, are 25 
watcs to BOK, 2.5 watts to 20K and 0.3 watts 
to 4.5K. Other contributions to the total 
heat leak to the refrigeration system include 
0.1 watt/magnet to 4.5K due to conductor 
splice chmlc heating and 2.0 watts/magnet to 
4.5K due to synchrotron radiation. 

The estimated center section heat leak 
for the dirole magnec cryostat heat leak model 
is as given by Table 2. 

Tatle 2 

Dipole Cryostat Heat Leak Model 
Center Section Heat Leak Prediction 

Watts to Temperature 
80 K 20 K 4. 5 K 

Thermal 17.68 1 . 77B .002 
• 'di atlon 
Cold Mass 6.53 .695 • 172 
Supports 
Cold Mass 0.66 . 047 .017 
Anchor 

Total 24.B7 2.52 o. 191 

Budget 25 2.5 0.3 

In support of the cryostat's thermal 
design, an extensive program of experimental 
heat leak measurements has been conducted. 
The program included the measurements of 
components; i.e., suspension system elemer.ts, 
multilayer insulation, etc. under both normal 
and upset; i.e., partial loss of insulating 
vacuum, conditions. The results of the 
component measurements program confirmed the 
ability to accurately predict thermal 
performance. 



The program al so included measurements of 
~ull length magnet thermal models. A full 
length 12 m long cryostat model corresponding 
to the ironless cos0 dipole magnet "'as 
constructed and heat leak measurements were 
made. The cold iron cos0 cryostat development 
program includes an i dent1 cal open cycle 
evaluation of a full length 17.5 m dipole 
magnet cryostat (9). The model was 
manufactured in a prototype magnet production 
facility and used production components, 
tooling, manufacturing procedures and quality 
control. 

Closed cycle heat leak measurements of a 
string of five magnet cryostats, with a 
flowing cryogenic system are also a part of 
the magnet development program. 
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