-

View metadata, citation and similar papers at core.ac.uk brought to you byj’f CORE

provided by CERN Document Server

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
European Laboratory for Particle Physics

Large Hadron Collider Project LHC Project Report 111

MECHANICAL DESIGN AND LAYOUT OF THE LHC STANDARD HALF-CELL

J.C. Brunet, P. Cruikshank, W. Erdt, M. Genet, V. Parma, A. Poncet, P. Rohmig, B. Skoczen*,
R. Van Weelderen, J. Vlogaert, U. Wagner, L.R. Williams

Abstract

The LHC Conceptual Design Report issued on 20th October 1995 [1] introduced significant changes to some
fundamental features of the LHC standard half-cell, composed of one quadrupole, 3 dipoles and a set of corrector
magnets. A separate cryogenic distribution line has been adopted containing most of the distribution lines previously
installed inside the main cryostat. The dipole length has been increased from 10 to 15 m and independent powering
of the focusing and defocusing quadrupole magnets has been chosen. Individual quench protection diodes were
introduced in magnet interconnects and many auxiliary bus bars were added to feed in series the various families of
superconducting corrector magnets. The various highly intricate basic systems such as: cryostats and cryogenics
feeders, superconducting magnets and their electrical powering and protection, vacuum beam screen and its cooling,
support and alignment devices have been redesigned, taking into account the very tight space available. These space
constraints are imposed by the desire to have maximum integral bending field strength for maximum LHC energy, in
the existing LEP tunnel. Finally, cryogenic and vacuum sectorisation have been introduced to reduce downtimes and
facilitate commissioning.
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293 K and 1.9 K levels. Theseshields aremade of
1 INTRODUCTION polished aluminum sheetsvelded onto 15 m long

The Large HadrorCollider (LHC) to be installed in the structures, extruded together with the cooling channels.
LEP tunnel at CERN wilproducetwo proton beams of
7 TeV energy forhead oncollisions in 4 pointsaround
the drcumference.The machine issubdivided into 8  vacuum
octants,each onecomprising astandard arcomposed of tank
54 optical half-cellshoused in acommon cryosta{Arc ~ (914mm)
cryostat), flanked on each side by spedifisertion optics 5, -\
for the various experimentareas and functions of the thermal
machine (injection, ejection, cleaning, RF, etc.). shield

The standard914 mm dimeter arccryostat, of an
octant 2.7 km long, isbounded at eaclextremity by QU — aluminum
electrical currenfeedboxegDFB) allowing the numerous coldpost . extrusions
families of superconductingnagnets to be gwered in  gypport (headers)
series. Thecryogenic distribution line (QRL) housing jacks

dipole

various headers servicing the main streansrgbmagnets

runs parallel to the arc cryostand asfor the main = I = = ” "=
electrical supplies isfed at the 4 even points of the

machine from cryoplants installed at ground level.  The L | L |

basic repetitive segment of tlagc is the half-cell of 53.4

m length providing 90phase advance for the beams. It is
composed of 3 two-in-on&.3 T dpoles of 15 mlength,
one two-in-onequadrupole andarious sets oftorrecting
magnets. Theso-called Short Straight Section(SSS)
housing thequadrupolesextupole, octupolejipole orbit
correctorsand beamposition monitors (BPM) idlanked
by a cryogenic service modul®usingservicepiping for
quench dischargénto the QRL, phase separation for
1.9 K heat exchanger cooling, etc.

The half-celllength occupancyhas been optimised to
provide maximum bending field length, taking into
account the various functionsand elements of the
machine.

Figure 1: LHC Dipole Cryostat
The radiative shield carries 10 layers &ALl to
thermally protect the system in case of degraded vacuum.

The thermal shield is covered by 30 layers of MLI pre-
fabricated blankets to reduce thermal radiation load.

The calculated watic thermal loads are given in
Table 1.

The transverse dimensions of magnet cold masses with
their shields have been minimisedfibin an insulating
vacuum vessel of diarter 914 mm (36" standardpipe
dimension).

3 SHORT STRAIGHT SECTION
CRYOGENIC MODULE AND JUMPER
CONNECTION

2 CRYOSTAT
The string of superconducting magnets operates in a sta%ée Short Straight Section which houses duadrupole,

1.9 K superfluid helium bath pressurised at 1 bar absoh@ romatic correction elements, a set of orbit correctors and

[2]. The heatiload budget tdl.9 K is composed oftatic cam position mpnitors, alsdncorporateg a cryoggnic
heat losses through cryostat componetadiation, service modul_ewhlch connects theryogenic distribution
conductionthrough support postsjacuum barriers, etc.) line to t.he.mam cryostat out every .ceII [.3]' .

and dynamic loadsresulting from resistive heating in An mtncate. set of componentids its place in a
splicesbetweencables, beam lossésto the 1.9 Kbath reducedvolume.. the phaseeparator ofthe 1'9.K hegt

and synchrotron radiatiorand RF image current power exchgngercoollng a ful[ cell, 'the connecting pipes
deposited on the beam screen. To minimise the dtatit hous[ng thg bus b"’“? with manifolds tubes to the QRL
load to thel.9 K level at which the cost akfrigeration allowing f!ll'mg and_d|scharge of'astretch of.cel!s, the

is 3 to 4 times higher than 4t5 K, two activelycooled beam position monltqrs, t_)eam PIPES, s_ectorlsathn yalves,
aluminium screens operating at 5-10 (Kadiative shield) and quadrupolgrotectiondiodes, accessibl®r repair via

and50-75 K (thermalshield) are interposed between théhe mterconrject. A set &0 A current Ieadsn;tallgd in
the cryogenic modulefeeds the closed orbit dipole



correctormagnets. Low heat in-leak insulatingacuum
separation barriers are installed betweka quadrupole
cold mass and the vacuum enclosure every two CHiiis.

(6 ton) cold mass of theSSS tokeep the maximum
vertical sagitta below 0.23 mm.
The support ismade of amain composite column

facilitates vacuum pump down, leak testing by confiningolted to stainless steepadspreviously welded on the

leaks. The vacuum hardware is attached to the SSS.

magnet cold masses. The fixations on the vacuum vessels

To permit an easy and precise alignment of the SSSaltow sliding of the supports tofree the thermal

must bemechanicallydecoupledrom the QRL. For this

contractionsand to leave free the required degrees of

purpose, a set of interconnecting bellows in the jumpéeedom.

connection gives the necessary flexibility and
compensation for forces due to atmospheric pressure.

4 ELECTRICAL DISTRIBUTION

Apart from the orbit correctors, all superconducting
magnets of theé\rc are powered irseries from the main
electrical feed box installed at theeven points. The
focusing and defocusinguadrupolepairs of12.5 kA bus
bars run through the two upper slots in the magnet yok

The main dipole 12.5 KA circuit occupies a third slot, and

dipoles haveawo differenttypes of electrical connections

The thermalperformance othe supports ismproved
by intercepting most of theesidual heat conduction at
two intermediate temperatutevels (one in the 50-75 K
and the other in the 4.5-20 Kange). These intercepts
consist of aluminum platesglued to the composite
column and welded to the thermal and radiashields via
flexible aluminium straps.

The heatioadsreported intable 1 are estimated from

faeasurements made on previous supports.

built into the cold masses, lodging alternativelgvery
half-cell) the magneinductance orthe goandreturn bus

bars in order to limit voltages to ground during a
discharge. 40 to 80 auxiliaguperconducting cableated
at 600 A run through the magnetold massesand are

electrically connected at eachmagnet intergap. This

represents atotal of more than 80'000electrical
connections for the whole machine, which mustcasied

Temperature level
Watts 1.9 K 4.5-20 K 50-75 K
Cryomagnet 05 9 a4
support posts
Vacuum barrier
Instrumentation 3.1 0.2 18.6
capillaries, BPM
Cryostat 0.3 3.2 165.4
Total for LHC
standard half-cell 3.9 12.4 228

out within a tight electrical specificationconcerning
insulation breakdownvoltage (5 kV) and connection
resistance (I1®Ohms).

To minimise erroneous connectionand to reduce
manpower costs at installation,special multichannel
connectorsand distributors are erisagedand developed.
Furthermore, the electrical connection of auxiliary
magnets in the interconnect gap is bestgdied, as this
would specialise SSS only at the installation stage.

Alternative designs currently being studied consider t
routing of uninterrupted cable bundleékrough the cold
masses of a half-cell tdeed the chromatic magnet
correctors installed in the SSS.

Bus bars arerouted through 4 slots and 4
interconnecting tubes in and between the cryomagnets.

5 MAGNET SUPPORT AND ALIGNMENT
The superconducting magnets of the arc are positioned

Table 1: Estimated half-cell static heat loads (Watts)

The composite column of the supportrisade of a
4 mm thick tube withintegratedtop andbottom flanges.

A glass fibber/epoxy composite system was chosen for its

high stiffness-to-thermal-conductionratio, allowing
minimisation of the cross secti@nd, as a congaence,
of conduction heat loads. A long-fiber, woven fablag-

H&P technology is chosen to achieve the highest stiffness.

The initial positioning precision of the magnedld
masses i20.5 mm withrespect tothe cryostat axis and
+1 mm in the longitudinal direction. This precision is
achieved by dight chain of mechanical tolerancednder
the worst hypothesis ofesidual mechanicaloads, the

present design of the support system for magnets gives a

stability of 0.2 mm in the radial and vertical plane.

by 6 INTERCONNECTIONS

column-type supports. The stringent positioning precision

for magnet alignmenand the high thermaperformance
for cryogenic efficiency are the main conflicting
requirementsvhich havelead to a trade-off design. An
additional functionrequested ofhe support system is the
suspension of the thermaind radiative screens in the
cryostat.

The interconnectionsbetween cryomagnetgontain a
number of structural components which designed to
assure acontinuity and provide maximum security to
different systems integrated within the accelerator

vacuum systems [4], cryogenics , and electrical
distribution. In order to extend the magnetic length of the

A three point support is chosen for the 15 m long, 3gHC magnets as much as possible theerconnection

ton dipoles, where the support spacitignits the

maximum vertical sagitta to 0.25 mm; only two suppot{POSes

points are neededfor the shorter (6 m)and lighter

space isreduced to astrict minimum. Thisrequirement
longitudinaland radial limitations on the
interconnect componentnd implies a compact design



compatible with the existing tunnel as well as the 8 ACKNOWLEDGEMENTS

established transport and installation procedures [5]. A large design, developmeand testing effort is being

The combination of a relatively higpressure of 20 ,cively pursued to integrate all LHC intricate systems in
bar (which may develop during the cool-down procedure gfe | C arc cryostatTechnical choices are regularly

a quench)with a nec_essity of assuring leak tightne_ss fYested on the LHC prototype test String [7].
all the superfluid helium transfer systems leads ¢thace Particularcredit must beattributed toR.Saban(LHC

of all welded assemblies. test string), W.Cameron,, M.Genet, Th.Renaglia,

In order to keep up with the LHC projeeuirements  p, Tyjjhe and to many other people in the Lk@m,and
in terms of system reliability, automatic welding, cuttingcea and CNRS teams.

and control procedures were proposEde stringentspace
requirements forthe welding and cutting tools was REFERENCES
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by the superconducting cable overlégngth of 120 mm conference.
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the expansion jointand their axial stiffness aspecial Arcs, M.Bona et Al, LHC Project Report 60
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(transmitted to the support posts) in the installapbase [8] The Short Straight Sectiorfer the LHC, M.Peyrot
and during the LHC operation. et Al, this conference
Protection diodes constitute some of thecritical
components of the LHC machine. The presdesign
provides an easy accessthe diodes in cas¢hey need to
be replacedThe access tdhe box containing theliodes
will be possible through thenterconnection spacefter
the removal of thdarge diameteibayonet sleeve of the
vacuum vessel and of the thermal shields.

7 SECTORISATION OF SUB-SYSTEMS

The 2.7 km LHC arc cryostat hascald mass weight of
more than 6000 tonne cryoplant at theorresponding
even point will be able taool-downandwarm-up such a
mass via the QRL in about 44 days.

Taking advantage of a separatparallel cryoline
naturally decouplingthe feeding of cryogens from the
main stream of magnets, the arc is cut in four sub-sectors.
Insulating vacuunbarriers separatthe QRL from the
main cryostat at each jumper connectéom sectorise the
main cryostatevery two cells [6]. High vacuunvalves
and cryogenic separation valves are installedaah sector
boundary and additional cryogenicvalves complete the
separation of the QRL from the main cryostateath
jumper connection. Finallyso-calledbus bar plugs are
installed eventwo cells in magnet gap interconnects to
sectorise thel.9 K cold mass cryogenic volume. This
sectorisation allows the partiahd independentvarm-up
and cool-down of small stretches ofeav cells. Thiswill
yield a factor 2 reduction ithe time requiredfor most
interventions for repair.



