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Abstract

CERN's major project, thearge HadronCollider (LHC), hasmoved to an implementatigghase with
machine construction to be completed by 2005. To achievdetsign proton-protogentre ofmassenergy
of 14 TeV in the given 27 km circumference LEP tunnel, the LHC will make an extersgvefhigh-field
superconducting magnetsing Nb-Tifilament operated &a.9 K. Inorder to test, orthe onehand, the
superconducting cables of the magnets and, on the othertharapected performance of several of these
magnets assembled in a string represerttieglatticeperiod of themachine(107 m long),CERN has
installed new cryogenic test facilities. The paper brieftiescribes theseew facilities with all their
associatedauipments.
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CERN's major project, the Large Hadron Collider (LHC), has moved to an
implementationphase withmachine construction to be completed ®005. To
achieve thedesign proton-protorentre ofmass energy of 1ZeV in the given

27 km circumference LEP tunnel, the LHC will make an extensive use of high-field
superconducting magnets using NbfilEiment operated &at.9 K. Inorder totest,

on the one hand, the superconducting cables of the magnets ahd, atherhand,

the expected performance of several of these magnets assembledtrimga
representing thé&ttice period of themachine(107 m long),CERN hasinstalled

new cryogenic test facilities. The paper briefly describes thesdanditves with all

their associated equipments.

1. INTRODUCTION

Fromthe cryogenic point oview, the LHC acceleratoring will be composed of about'800 high-field
superconducting magnets [1] grouped in more thanid@2tiicaland independent cryogermops, each of
them cooling one magnet string representing a full-cell of the machine lattieess&sghe performance of
a LHC prototype full-cellthe existing[1,2] SM18 cryogenic testireahad to beupgraded. Furthermore,
new test facilities have been set up to test shperconducting wires anithe assembled cableghich
certainly constitute the most critical part of these magnets.

2. TEST FACILITY FOR THE MAGNET STRING

In the framework of its R&D programme, CERN Haeen operating sindéebruary 1993he first version
of a magnet string (String 1), consisting of one 3-m twin aperture quadrupotereadLO-m twin aperture
straight dipoles representing altogether a half-cell olLtH€ lattice [3]. Although String lhasyielded a
large amount of datand precious operational experienceyats based on aearlier design with dipoles
shorter than those foreseen for LHC and with the cryogenic lines traversing the magnet cryostats.

The project management therefore decided to constiudiCaprototypefull-cell (String 2), which
constitutes the last opportunity, before installation intthmnel, tovalidate all thesubsystems itheir final
version both in normal and exceptionakonditions. String 2vill be composed ofwo half-cells with a
total length of 253 m. Each half-cell will consist of a Short Straight Section (SSS) followed by three 15-m

dipoles. Whilethe SSSwill mainly house a 3-m quadrupole withfield gradient 0f223 T.m1 at 12 kA

and a sextupole corrector magnet with a strength of 150 &trB00 A,the 15-m dipoles will be curved
with a nominal bendingadius 0f2804 m, featuring a 6-blockcoil cross-section andluminium collars
without magnetic inserts [4].

Thermodynamically, the thermal load of String 2 during its steady-state opeatidreexpressed
in terms of an equivalent total entropy flux of 3451Xs! (see table 1). This corresponds teefiigerator
with an equivalent coolingapacity of aboul.6 kW at 4.5 K. Although our existingé kW refrigerator
manufactured by Sulzeshould besufficient to ensurghe steady-stateperation, it haseen decided to
boost this refrigerator by the addition of a liquid nitrogen{Litecooler unit manufactured @\ Liquide
in order, on the one hand to cope with the pure liquefaction loads aheé otherhand to reducéhe cool-
downtime from 300 K to 90 K ofthesel60 t of low-carborsteel and aluminium constitutingtring 2.
This LNy precooler has been designed to cool 100 g/s of gaseous helium at 80 K.
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Heat loads Equivalent entropy flux
non-isothermal load between 50 K and 75 K 700 W] 11.3 [J.slkY
non-isothermal load between 4.5 K and 20 K 160 [W] 17.4 [J.stkY
50 W isothermalload at 1.9 K, but obtainedfrom the cryoplant as|a 2.5 [g.s]] 69.3 [J.slKY
liquefaction load at 3 bar and 4.5 K
pure liquefaction load at 3 band4.5 K for HT¢ current leads (613 kA +| 2.0 [g.s]] 55.4 [J.s1KY
28«600 A) and cryostat
GHe at 20 K for HE current leads (613 kA + 28600 A) butobtained 7.0 [g.s]] 194.0 [J.slKY
from the cryoplant as a liquefaction load at 3 bar and 4.5 K

Table 1: heat loads at steady-state for the 107-m long magnet string representing a full-cell

Similarly to what has been done for String 1, four operating modes are foreséamnew magnet
string test facility. In the first cool-down phase, the temperature will be lowered3BOnK t0o90 K by a
forced flow of gaseous helium at progressively decreasing temperatures. A fixed graé@emnd dietween
the SSS inlet and the last dipole outlet will limit the thermal stresses mafgeetsThe second cool-down
phase,from 90 K to 4.5 K, will be achieved by filling the magnetgth supercriticalhelium. The third
phase, corresponding the steady-stateperationwill start whenthe magnets are completely filled with
liquid helium at4.5 K; the temperature will then be lowered ® K by pumping on saturatedelium
flowing in a longitudinal heat exchanger. Tioairth warm-up phase fro#.5 K to 300 K isobtained by
circulation of gaseoushelium at progressively increasing temperatures, whie60 K string overall
temperature gradient will be agaiontrolled.The cryogenic scheme dfiis magnetstring testfacility is
shown in fig. 1.
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Figure 1: cryogenic scheme of the magnet string test facility at SM18



After having moved from the LEP tunnel to the SM18 test area this 7-year old 6 kW refrigerator and
having introduced a brantew control software based on abject-orientecapproach, thisryoplant has
been re-commissioned during spring 1998 and gave satisfactory results. The next step is the installation &
commissioning of thaew LN, precooler scheduletbr September. Byhe end 0f1998, the obtained
boosted plant will thus be ready to produce the 38 g/s expected liquefaction ratetl&uteag generation
of dipoles are not yet available from the industry, String 1 operation will continue until the end of 1998. The
assembly of String 2 will extend from mid 1999 to mid 2000, with a first run scheduled in August 2000.

3. TEST FACILITY FOR SHORT DIPOLE MODELS AND CORRECTOR MAGNETS

A cryogenic test station has been set up to evaluate the performance and field quality of the 1-m long mods
of LHC dipoles and othe correctomagnetsThe test facility mainlyconsists ofthree verticalcryostats.
Inside each cryostatihhe magnet is sitting in pressurised superfluidelium bath afL.8 K, shielded by a
lambdaplate. The bath is cooled by surroundingpipe heat exchange¢hrough which flows superfluid
helium at 50mbar. Each cryostat is equippedth a current feed ofmax. 20 kA and can bgowered in
parallel. A fourth cryostat, working in pulsed mode with liquid heliumM.atK, is used foguality control
of the cold silicon diodes, which will be used in LHC to by-pass the current of a quenched magnet.

All cryostats can be supplied in parallel with liquid helium at 4.2 K via shielded transfer lines from a
2000 | Dewar. ThisDewar is at its turn supplied fromdedicated Sulzef CF200liquefier boosted with
LN, to give a maximum liquefaction rate 50 I/h. The coldbox is connected to &HH MAN screw
compressor providing a flow of 80 g/s helium gas at 14 bar with a suction pressure at 1.05 baluifhe
boil-off from the Dewar and the cryostats can be fed back to the liquefier at different temperature levels. Th
return gas from the pumping station is send badkdevarm part ofthe coldbox via a freeze-out purifier
which has acapacity of 2g/s. This purifier consumes abo0Gt4 g/s ofhelium and issupplied from the
Dewar operated d.4 bar. Amechanicapressurecontrol valve operating &00 mbar gauge protects the
Dewar against impurities coming from the pumping station.

The whole cryoplanf{compressorgold box and recovery systemins fully automaticallyand is
supervised from the LEP1 cryogenic control room. The test facility is run continwaiuiyoughthe year
with only a 4-weekmaintenanceshutdown.During 1997, inaddition to the dipole models and silicon
diodes that were testetihe performances of tHeHC corrector magnets have been measured at cryogenic
temperatures [5].

4. TEST FACILITY FOR SUPERCONDUCTING WIRES AND CABLES

A new cryogenic test area is built to test superconduetings andthe assembledables.The test facility
will include seven small cryostats for wire measurements and one large aseREBSCA)dedicated for
measuring the critical current of the assembled cables [6]. Fitree skvensmall cryostats willwork with
superfluid helium at 1.8 K, while the other two will use liquid helium at 4.Xtie superfluidhelium will
be obtained by pumping a helium bath from atmosplmegssure down to 50 mbar. A pumpisigtion is
therefore installed whiclprovides aheat load of3 W at 1.8 K per cryostat.The FRESCA assembly
actually consists of two cryostat3he external cryostat contains teeperconductingnagnetwhich can
provide amagnetic field of up to 10 T at a maximum current ofk®4 The inner cryostahouses two 1-
meterlong cablesamples, whicttan besupplied with anaximum current of up to 3RA. The sampler
holder can be turned by 90 degreestiadythe criticalcurrentfor afield perpendicular to the small and
large cable faces. The pumping station dedicated to FRESCA has a total heat load of 20 W at 1.8 K.

All users of cryogenare supplied from adedicatedTCF50 helium liquefierboosted with LN,
providing a maximum liquefaction rate of 160 I/h. The cold box is connected to a Kaeser screw compresst
supplying 80 g/s high pressuneliumgas at 13 barThe sevensmall cryostatsare supplied directly from
the cold box with liquid helium via a nitrogen shielded transfer line which is connected at its &G@Did b
Dewar.The FRESCA assembly is supplied from this Dewgne liquid heliumconsumption of amall
cryostats is expected to be around 2 g/s, while the maximum consumption of the FRESCA during operatic
will be in the range of 7-10 g/s.

During operation of this test facility, an additional gaseous return flow of up to #bQwiti be sent
to the helium recovergystem.Therefore the existing infrastructuhas been extended by @ew Sulzer
Burckhardt recovery compressor witimaximum capacity ofi20 n#/h which feeds two 200 #h Linde
helium purifiers formerly used ahe LEPcollider. The existinglow and high pressurbelium storage
capacityhas been upgraded to cope withe increasingotal gaseoushelium inventory. A newcontrol
system is currently installed to operate the whole infrastructure fully automatically.
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Figure 2: flow scheme of the superconducting wires test facility

5. CONCLUSION

Testing of superconducting magnets and Nb-Ti cablés%aK for the LHC hasdrastically increased and
diversified the different cryogenic test facilities at CERN. The major part of these fabiiségen already

installed while commissioning work is still under progress.
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