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back aftercollaring has beereduced by?20 %. This
Abstract allows to apply a lower compression under the press with

The main features of the dipole magnet design Iheea Ies_s qlanger of dama_ging the cpils and _easier pro_duction.
frozen in 1996andimportant steps for thpreparation of This increase of the inter-beadiistancedid not require an
their series production are being taken in the current yeaticrease of the overatiold massdiameterwhich renains

To finalize the technical specifications of theunchanged (g 570 mm) (fig. 1).
superconducting cablesdother components, aumber
of detall variants are being validated with the construction
and test of short and long magnets. Thus, beside a number
of 1 m long models, four 10 m long models of the main
dipoles and two 14.2 m prototypes are being assembled in
industry and at CERN. The fabrication of a furtket of
3 full length dipoles is also starting in industryvterify
the reproducibility of production and performance.

The lifetime and fatigue test of the StringTest
Facility, consisting ofthree dipolesand one quadrupole
andsimulating the basiperiodic cell of the LHC, has
been successfullgoncludedThe String was repetitively ' 7
cycled betweenthe injection field of 0.6 T and the 1. Beam Screen, 2. Cold bore, 3. Cold mass at
operationalfield of 8.4 T, 24 hoursper day,and has 1.9 K, 4. Radiative insulation, 5. Thermal shield (55
accumulatedmore than 2100 cyclesgorresponding to to 75K), 6. Support post, 7. Vacuum vessel,

about ten years of machine operation. 8. Alignment target
The final design ofthe mainquadrupoles, based on ) ) )
the use of the dipole coil outer layer cable, is being Figure 1: Cross-section of LHC dipole

workedout by CEA, Saclayndthe construction of two
new prototypes has been launched.
Dimensions of the superconducting cables

1 INTRODUCTION The compaction of the previous cables viasnd to be
The main magnetic components of the LHC i.e. the 12330 high especially at the thiedgewhere it was difficult
dipoles and the 386 quadrupoles of the lattice laready to avoid shargedgesthat could damagethe insulation. A
beendescribed inseveralpublications [e.g. 1,2], so that slight reduction in compaction was alsdound to be
only therecentevolution in theirdesignand the present favourable to penetration of liquithelium and better
state of advancement towardsheir procurement are wetting of the strands, thus improving heensfer to

reported here. helium andheat capacityand consequently increasing the
amount ofenergyneeded toprovoke aquench[3]. The
2 DIPOLES compaction wasthereforereduced byabout 2 % and at
the same time the keystoning angieere also slightly
2.1 Design evolution diminished, resulting at present 122 the inner shell

cable and 0.9C¢ in the outer shell cable. The new

Since 1995 thedesign of the magnets, though narameters of the cables are listed in table 1.

maintaining the maifieatures, evolvegartly to adapt to
changes in the design of the machine and partly as a result
of the R&D programme on short and long magnets.

Inner layer Outer layer

1.065 0.825
1.6 1.9
7 6

Inter-beam distance

The distance between the centreghaf two apertures has
beenincreasedrom 180 mm to 194 mm. Thishange
was motivated by space considerations in the RF sections cue
and by the desire to diminish both the spring back of the '
collars when releasing the preafier collaring and the
tensile stress concentrati@moundthe central dowel rod
hole. Infact the collar centrdlleg" appeared to be rather
weak as compared tahe side "legs". With this
modification the final pre-stress in the cen@ab in the
lateral parts of the coils is bettbalanced anthe spring

>515 -

>380
28 36
15.1 15.1

1.736/2.064 1.362/1.598

110 100

213750

212950

Table 1: Dipole strand and cable characteristics
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Field quality Models and prototype magnets

The problemsrelated to fieldquality are continuously The programme of magnet constructigmoceeds in
studied from the points of view of beam optics andparallel on three lines: short (1.3 m long) models, 10 m
dynamics and magnet construction.Understanding is long models and prototypes of the final len@tiagnetic
improving with the growing information from tests andlength 14.2 m). At CERN adedicated workshop
measurements of short and long maaelgnetsData are manufacturesingle and twin apertureshort models [6].
accumulating and being analysed onthe effects of The so called Coil Test Facility, ifact asingle aperture
persistent currentseddy currents, timedependence and magnet structureconceived for easy assembly and
influences of previous historgnd excitation cycle. It has disassembly, is atime-and-cost-effective means of
been decided to compensate thédecapole), b (14-pole) studying different versions of coil construction as.g.
and ky (18-pole) fieldmultipoles produced bypersistent different types of end spacers, layer jups, conductor
currents at injection by modifying theconductor insulation systems, strand coating and assembly methods.

distribution in the cross-section which was then re@N€ important observation, which confirms earlier finding

optimised for this purpose. It isecalled that small N the SSCmagnet development progrdf, is that in

sextupole and decapole magnets located at each dipole A€ ©Of the best behaving magnets the azimuthal
can compensate systematierrors of those two COMPression in the coil at the coil collar patgerface

components. hadcompletelydisappeared dields WeII_ below th_eﬁeld
finally reached bythe magnet. An investigation has,
2.2 State of R&D programme therefore, been started teterminedthe optimum pre-

stress to be applied since there is no point to collar coils
at pre-stress values above what is needethisganonly
make the fabrication more difficult and increase the risk of
€amaging the insulation.

As previouslyreported[8, 9, 10], othersuccessful

e development wagarried-out by collaborating
laboratories, as the CERN-Finnish-Swedish version 1 m
fodel, the models built by KEnd Japanese industry
and the NBSn high field model of Twente University.

Superconducting cables Last year an assembly facility for full length dipoles has

) ) beenput into operation at CERN. This is nowsed to
About 10 t of superconducting cable of the nelesign assemblel0 m long models starting from coileound

have been produced liydustry, thoroughlymeasured and ang collared inindustry and will be soon employed to
qualified. They meet the specifications in all respectsassemble final length magnets. The main purposaisf
current carrying capacity, dimensional folerance angork at CERN is to studgndfinalize importantdetails
mechanical characteristicand have also been tested in of the assemblyproceduressuch as e.g. economical and
short dipole models. This has permitted to order a quantigfficient welding methods fathe shrinkingcylinder, the
sufficient to start the pre-series production of the fina\j\,ay to obtain thavanted curvature ofhe magnets, the
magnets. Investigations are still intensively carried out Ofptimization of the electrical connections.

different coatings of the strands, so as to obtain a uniform  Four 10 m long magnets of thesecond generation
andreproducible interstrand resistancetie range 10 to (aperture 56 mm) are at present being completed, the first
20Q per crossing contact, necessary to limit fiefrs  one mounted in a cryostat of the first generation dipoles,

and heat generation byeddy currents atramp. The s glreadybeing tested. Asecondone will follow at a
interstrand resistance is difficult to control asd#pends month intervaland the other two will betested in the

not only on the coating material, but also eforage second half of the year.

conditions, temperatures and pressures in the cuyiclg The first full length (~ 15 m,magnetic length
and pre-stress in the coils [4]. At present the best resulg > m) prototype, funded and buiilt in the framework of a
are obtained with staybrite (Ag 3.5 %, Sn 96.5 %) collaboration with IstitutoNazionale diFisica Nucleare
coating and a special heat treatment in argon atmosphergnFN), is in advanced state of construction (fig. 2) and is
expected to be delivered to CERN in October 1997. It will
be followed by fourcollaredcoil assemblymanufactured
Several conductor insulation systems have been in industry, which will be finallyassemblednto finished
investigated from the points of view beat transfer and magnets partly at CERN and partly in industry.

porosity to helium to takeadvantage ofits excellent
cooling properties [5], while ensuring good dielectric
barrier betweernurns. An all polyimide system hdmeen
chosen, budifferenttapesandlayouts (thickness, width,
overlap, spacingpre still being tested in short model

magnets with the aim tfurther improve permeability to Figure 2: Collaredcoils of the first15 m long magnet
superfluid helium. (courtesy of Ansaldo Energia S.p.a.)

The R&D programme, which hasalidated the main
design featuresyill continue until the start of theeries
production of the final dipoles with the aims to improv
guench behaviour, field quality and economy of
construction. It will terminate with the final trimming, in dipol
particular of the coil geometry to obtain thanted field
quality, during the production and measurement of the pr
series magnets.

Conductor insulation
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Their main constructionafeatures aretwo layer
LHC prototype half-cell coils made from a single stretch of cable, austenitic steel
A major milestone in the project has been the assemtipllars supporting the fulelectromagnetic forceand a
of a magnet string facility, consisting of one shorttWo-in-one" yoke structuréeld by anoutside stiffening
straight section and three 10 m dipole magoetsiected CYlinder, which alseserves as helium vessatdsupport
electrically and cryogenically together on a slope offor the correctiormagnetsand other components of the
1.4 %, in simulation of the LHC conditions. The stringShort straight sections. The 12-pdield errorcomponent
has undergone already several thousemars ofoperation produced bypersistent currents at injection is forlaage
with more than 80 provoked quenclesiseveral thermal Part (> 80 %) compensated by apecial layout of the
cycles with full success. It hamenpoweredwith LHC ~ conductors in the cross-section.

like ramping cycles between injectiamd8.4 T field for The development othe quadrupolesias been from
more than 2'000 cycles simulating about 10 years of t{8€ beginningentrusted toCEA, Saclay in France. This
collider operation [11]. has resulted in the construction of two 3.06 nagnetic

length) real size quadrupoles which have been successfully
2.3 Towards the series production tested at Saclay and delivered@&RN. In theframe of a

special contribution ofrance toLHC, CEA will ensure
the developmentaindtest of twofurther prototype of the
new design. CEA will then be responsible for the
technical specification and the follow up of fabrication in
industry of the seriegiuadrupolesThe remaining R&D

gramme foresees delivery ©ERN of the two new
prototypes, already tested, in autumn 1998.

Final drawings and detailedtechnical specifications are
being preparedfor the main magnet cablemd for the
manufacturing of the magnets. An importanderfor the
supply of 50'000 tonnes ddw-carbon steel sheet for all
main dipoles and quadrupoles has already been placed. |
hoped toorderthe superconducting cables befage end
of this year. Market surveys fareveral other materials
andcomponents as well as for the supply of the main
dipole cold masses hawareadybeencarriedout andcalls 4 REFERENCES
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for the dipole outer layer. This should result in some
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could be usedor the gquadrupoleswhich require much
shorter stretches of conductor.
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