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A conceptual design for an iron-less co0sd
3SC magnet crycatat has identifled several areas for
ezparissntal astudy. Included are bowing of thermal
radistion shielda due to cooldown and varmup; thersal
performance of the suspansion asysteams; cryocetat
thersal perforsance; structural responaeas to
deceantering forces Datwesn the ocoll and the steel
vacuum vessel; and response of thersal shields to
forces due to quench {nduded eddy ourrents. Studles
wers oarried out with 68 long thersal bowing and
sagnetic effecta sodels, a suspension heat leak
mneasurament devar and 3 12m long thersal sodel. The
models . incorporates iaportant featurss of the
conceptual cryostat design, The details of the test
arrangaments, procedures and results are presented.

Introduction

. A3 a part of the Superconducting Super
Collider (SSC) Reference Design' activity, Fermilad
developed a desafgn for an iron-leas cosg
superconducting magnet aystes.?

The SSC is a 20 TeV on 20 Te¥ proton-proton
collider having two adjacent 32 &= diaseter
accelarator rings in a common tunnel, The rings are
comprised of supsrconducting dipole, quadrupole and
correction sagnests.

The magnet system incorporates magnetically
and cryogenically decoupled rings. Tha dipole sagnets
provids a 5T dipole fleld over a Sca diasmeter, 12w
long aperture. The magnet euploys a Tevatron® styls
collared coll with warm iron at a large radius.

A conosptual cryoatat design“’'? vas
developed that allowed proper sagnetic functionm,
provicded a low heat load to the refrigeration systes,
and wms highly reliable at low cost. The crycetat
ssction inoludes all required cryogenic lines and thus
eliminstes the need for external transfer lines. The
lack of oold iron sllows operstional flexibility of
the magret system.

The design effort identifled ocertain aress
suitable for evaluation Dy experimental means. The
results of the studies are, in gensral, appliosble to
other SSC oryostat designe. The significant slements
of the exparisental program are presentad.

Inermal Bowing

The sagnet cold sass and thersal radiation
shislds will be subjectsd 0 temperature gradients
acroms thelr sections during the rapid cooldown and
WArEp cycles a3 required Dy the magnet system
operutional specifications. Suoh gradients result in
bowing along the length of the magnet. The nature and
sagnitode of the bowing wust De thoroughiy umnderstood
for proper component deaign.

A program to study thersal bowing was
developed and carried cut. The objectives of the
program vere as follow:

. Varification of the dynamic behavior of a thermal
shield during cooldown ‘as predicted by a finite
elmment aodel

*Operated by Universities Research Aasscciation, Ine.
under contract with the U, S, Department of Energy

- Development of a test facility for follow-on
dowing and support response medsuresents

The cryostat's 10K thermal radfation shisld
vas selected for study. The thermal and structural
reaponse of the shield, vhen subjected to an initial
100K temperature differential across the section, were
scdeled and predicted by finite element methods.

A test facility was developed to measurs the
thermal and structural response of the shield. The
T2l 3ize section, 6@ long alusinum shisld wvas
instrumented for displacement and teaperaturs
ssasurssant. Cooling was by seans of & liquid
nitrogen header on one side of the ahield. The test
vas performed in alr without a surrcunding vacuum
vessel. The test arrangement is shown in Figure 1.

The displacenent va. time results are shown
in Figure 2. Good agreement was achisved bDetween the
predictad and measured deflections. A «2.5¢= asximm
daflection was measured at the free end; l.e., 2 = bam,
of the shield with the measured AT across the shisld
being 120K.
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Suspension Thermal Performance

The SSC refrigeration requireasnts ars very
stringent and result 1n low heat leak dudgets. The
heat leak contribution of the suspension systes I3
significant and must Dbe understood for cryostat
design. Of particular importance is the ability to
regularly achlsve design performance levels.

A program to measure the heat leak of
suspension systems was developed and carried out. The
objectives of the progras wers as follow:

. Davelop a facility for the testing of cryostat
component's;: i.e., supports, insulation, valves,
[ 11-N

. Measurs the haat lsak of cryostat cosponsnts

Evaluate the effectivenesa of thersal intercepta,

connections, ste.

Critical to the wmeasuresent program 13 3
1iquid helium research dewar having 8 functionally
adaptable test end that persits the evaluaticn of &
wide varisty of support gecmstries and sizes. The
devar provides for support sesber connections to the
4.5K end, to an intermediate tesperature (10-40K) heat
intercept, tc an 30K heat intercept and to the 300K
end, The dewar with a support sembsr inatalled lis
shown in Figure 3.
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Measursment of a component’s heat flow to
its ¢old end i3 by means of a heat meter.® The heat
seter employs a sstillic refersnce section having a
calibrated AT across the segtion for heat flow as
generated by a calidration Neater st the varm end of
the meter. The seter provides for accurats haat flow
seasurssents with short tiss constants. The meter has
bean calibrated for bdoth 1liquid helium and liquid
nitrogen cold end temperatures with heat flows of 0-t
vatt. Backup heat rlow measuresent ia by conventional
boll off sethods.

A poat type support samber having
construction details asimilar to those that could de
applied to- magnet suspsnsions was selected for
evaluation. The post was deaigned to be compatible
with the structural needs of the thermsl and magnetic
affects nsodels. The poat consisted of a single
section FRP tube having shrink fit connections at the
4.5 and 300K ends and at the intersediate temperature
and 80K heat intercepts. The poat was instrusentsd to
provide for tesperature measurement at critical points
along its length.

The Meat leak and tempearaturs dtatribution
results are 3nown In Tigure 4, The measured and
predicted temperature profiles and heat leak to the
cold end werse 1n good agreement. The aeasured heat
leak of 25mM to 4.5K Jemonstrates that small heat
leaks to &.5K can be achisved with conventional
saterials and sethods,
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T=e thermal coupling as afforded Dby the
shrink it connections Setwesn the FRP tube and the
astallic intercepts i3 very good as evidenced by the
close correlation of the seasured temperatures of the
intercept an:d tube section above the lntercept.

The facility will be used to evaluate other
support sembers and s readily convertible for the
measurement of the perforsance of multilayer
inpulation (LI} systems.

Cryostat Thermal Performance

The transition from a coryostat design to
actual construction involves wany detalls that have s
significant affect on the thersal perforsance of the
cryoatat. Included are support rfabrication and
installation, heat intercept connections, MLI
installatiom, vacuum pumpout, etc. The isportance of
understandiag such details is amplified by the 3SC
requiresents for a sass producidle, low heat leak, low
cost cryostat.

A prograa to dasign and construct a long
dipole magiet type oryostat and to ssasure its thersal
characteristics wvas developed and carried out. The
objectives of the program were as follow:

. Construct a '2m long cryostat

Understand crycetat fadrication tolerances

. For a crycstat assembly: measurs heat leaks to
8.5, 10 axa 80X

. Provide a test facility for follow-on heat leak
ASASUreEAnTtS

. Convertidility to an MIF compatible cryostat for
magnetic tasting of 12m colls

A *2m long thermal Ooeasurement model was
designed and constructed. The center section of the
model has a occld sass, aluminum 10K and 30K thermal
shields and is contained in a vacuum vessel. The
support ammbers ar¢ the sase as those svaluated by the
suspension thersal performance measuresents. The MLI
consists of prefadbricated blankets consisting of
aluminized polyester film vith fiberglass sat spacers.



Elaven layers of MLI are applied to the
and forty-four laysrs of MLI are applied to the 80K
surface. The ends of the model ars reservoirs that
store the cryogens and provide the piping and
instrusentation connections required for the thersal
msasurements. The model 13 shown in Figure 5.
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The heat leak meas.~ements were sade In an
open cycle; i.s., no flow through the cold azsa, mode.
The heat leak to ¥.5K was Setermined by both seasuring
the 1liquid helfum DBoilolf and measuring the
temperature rate of rise of an aluminum thersal mass
located within the cold mass sheil. The rate of rise
seasurement was made with the 10K and 80K shields at
temperature and after the helium had svaporated and
the cold sass volume Nad Desn evacuated. The heat
leak to 10K was detersined by ssasuring the flow and
tenperature riss of the 10K shield gas streas. The
heat leak to 30K was deterained by measuring the
1liquid nitrogen boiloff. The 80K heat leak of the snd
vassels, which vas measured previcusly, vas subtracted
to yield the net 30K heat lsak to the center section.

T Prior to the final asseabdly of the sodel,
the end vessels were conrected together In a closely
coupled sanner. The background heat gains of 22.0W to
80K and M50aN to A.5X ware deterained by bollof?
sethods for this configuwratiaon.

The preliminsry results of tha theraal
perforsance melsuresents are as given by Table 1.
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The sessursd 3tasdy stats heat gain to the
80K snield was within 108 of the predicted value.
This 13 ressonable agresment for this type of device.
The steady state period was seven days.

The seasured steady state heat gain to the
10K shield showed excellent agreement; 1.s¢., to within
=13 with the predicted ralue., The steady state period
was two days. The heat gain to the 10K shield was
3130 measured with the shield tesperstures higher than
10K. Data at 15 and 28K gshow the anticipated
reduction in heat leak o the shidld.

The acourate seasuresent of the heat gain to
the A.5K 1iquid helium volume for such a large modsl
is ¢iffiocuit. A very ssall heat gain for the center
ssction of the wmodel; l.e., ~127 s, wvas predicted.
This level can be easily dwarfed by the msasured +500
ol  seasuresent Dbdackground system. Two independent
methods wers saployed to determine the hest galn to
8,5K. The helium bolloff sethod measursd the overall
bolloff the entire helium systes; L.s., the center
section, the end vassels, and oconnections. The
prelizinary results showed Calr agressent between the
seasured (1060 m) and predicted (STTmd) steady stats
total heat gains. The stsady state period vas twelve
hours. Further analysis will include corrections for
shisld operating tesperatures, messured support heat
gains and and effects. The rate of rise sethod
aeasured the tempersture rate of rise of the simulated
eall; Ll.e., an alusinum plug, and the stainless steel
cold mans containment vessel after the liquid helium
was evaporated from the cold mass volume and the
volume was evacuated with the 10K shield saintained at
constant teaperaturs. This sethod ellainates the
seasuresent Dbdackground coatridution. The data i3
currently being analyzed.

The insulating vacuum during the measurement
period was = 1 x 10=* Torr.

Follow on measurssents will include the
effect of insulating vacuum on the performance of the
ML1 system Detween 300 and 80K.

Magnetie Rffects

The qrycstat design identified several
sagnetic effects that result from the ioteractiom of
the Bagnet ooll and cryostat components. Dus to the
long smagnet length asd the requirements of low cost
and aass production, it wms apparent the sagnet oofl
would not bs perfectly centered in the stesl vacuus
vassel that contains the fringe flelds. The response
of the suspension systam and the deflection of the
coll aseembly due Lo the off-center forces nesds to be
understocd. The relatively high conductivity aluminum
thermal radiation shields will be affected by eddy
current induced forces due to the quenching of the
coil assembly. in understanding of deflections and
corresponding streases in the shields s isportant for
proper design.

A program to design and oonatruct and
evaluate a magnetic effects wmwodel corycstat was
developed and carried out. The objectives of the
progras were as rollow:

. Construct an S3C atyle sagnet

« Study fabrication techniques for cofil and cryostat

. Understand cryostat cowponent tolerances

. Measure mechanical and thermal responss during
cooldown

+ Msasure coil deflections dus to off~center forces

. Measure sddy current induced aoticns during
quench

. Map fringe fields



Elaven layers of MLI are apblied to the 10K surface
and forty~four layers of MLI are applied to the BOK
surface. The ends of the model are reservoirs that
atore the crycgens and provide the piping and
instrymentation connections required ror the theraal
seasuyresants. The sodel {3 abowm in Figure 5.

Pigare

The heat leak meda.~esents were sade in an
opan cycla; i.4., no flow through the cold mass, aode.
The heat leak to 4.5K was determined by doth measuring
the 1ligquid helium boile®f and wseasuring the
temperature rate of rise of an alusinum thersal maas
located within the cold mass shell. The rate of rise
seasuresent was made with the 10K and 830K shields at
temperature and after the helius had evaporated and
the cold mass voluse had bDeen evacuated. The heat
leak to 10K was deterained dy measuring the flow and
temperature rise of the 10Kk shield gas stresa. The
heat leak to 80K was dJetermined Oy seasuring the
liquid nitrogen boiloff. The 80K heat lesk of the and
vessels, which vas measured previocusly, was subtracted
to yield the net 80K heat lsak to the center section.

Prior to the fina' assesbly of the asodel,
thy end vessels were conthected together in a closely
coupled sanner. The background heat gains of 22.0W to
80K and AS0sM to 4.5 were determined by dofloff
sathods for this configuratiom.

The prelisinary results of the thermal
parforsance medsuresents are as given by Table 1.
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The Desasured 3tsady state heat gain to the
30K shield was vithin 10f of the predicted value.
This 1is ressonabls agressent for this type of device.
The steady state period vas seven days.

The measursd steady state heat gain to the
10K shield showed exzcellent agresment: 1.e¢., to within
«1% with the predicted value. The steady state period
was two days. The heat gain to the 10K shield was
3130 mpasured with the shield teaperatures higher than
10K. Data at !5 and 28K ahow the anticipsted
reduction In heat leak to the shibld.

The acourate msasurssent of the heat gaia to
the A&.5K liquid helius volume for such a large model
is difficult. A very mmall heat gain for the center
section of the wmodel: i.e., =127 w¥, Wy predicted.
This level can be sasily dwarfed by the messured «500
sil wmeasurement Ddackground systes. Two independent
sethods were employed to determine the heat gain to
4.5K. The helium boiloff method measured the overall
boilef? the entire hellum system; 1i.e., the center
section, the end vessels, and connections, The
preliminary resuits showed fair agressent batween the
seasured (1060 W) and predicted (5TTeM) steady state
total neat gains. The steady state period wvas twelve
hours. Further analysis will include ocorrections for
shield operating temperatures, seasured support heat
gains and end effects. The rate of rise sethod
measured the tesperature rate of rise of the simsulated
¢oil; l.e., an alusinua plug, and the stainless atesl
cold mass containment vessal after the 1llquid helium
was svaporstad from the cold mass volume and the
volule was evacuated with the 10K shield maintained at
constant tesperaturs. TNis sethod sllminates the
seasuresent background comtridbution. The data 1is
currently being analyzed.

The insulating vacuum during the seasuresent
period was = 1 x 10-* Terr.

Follow on measurements will include the
effect of insulating vacuum on the performance of the
MLI system betwsen 300 and 30K.

Magnetic Effects

The corycstat design identified several
sagnetic effects that result from the intersction of
the magnet coll and crycstat components. Ous to the
long magnet length and the requiresents of iow coet
and mase productiom, it was sppareat the sagnet coll
would not be perfectly centered in the stesl vacuum
vesael that contains the fringe flelda. Ths responss
of the suspension system and the deflection of the
coll assembly due to the off-center forces needs to be
understood. The relatively high conductivity aluminum
thermal radiation shialds will be alfected Dby eddy
current induced forces due to the quenching of the
¢oil assambly. An understanding of deflections and
corrasponding stresses in the shislds i3 lsportant for
proper deaign.

A program to design and conatruct and
evaluate & asagnetic effscty sodel cryostat wvan
developed and carried out. The objectives of the
progras were as follow:

. Conatruct an 3SSC style sagnet

. Study fabrication techniques for coll and cryostat

. Understand crycatat component tolerances

. Measure sechanical and thersal response during
cooldown

. Masasurs coll deflecticns due to off-center forces

. Maasure eddy current induced motions during
quanch

. Map Pringe fields



