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1.0. Introduction to the Hadron Calorimeter
of ATLAS.

The preliminary development of the structure of the
Hadron Calorimeter was performed on the basis of materials
presented in the following works:

- Progress Report  on ATLAS Milestones.
CERN/LHCC/93-51 October 15, 1993.

- Pre-etude de faisabilite industrielle pour la realisation du
calorimetre hadronigue de 1'experience ATLAS. Belfort le
27.4.1993.

- Developments for a scintillator tile sampling Hadron
Calorimeter with "longitudinal” tile configuration.
CERN/DRDC 93-3, DRDC/P-46, January 13,1993.

- Hadron Calorimeter of ATLAS. Conceptual integration
project (preliminary). ATLAS Internal Note Tile Cal-No-003,
December 13,1993. |

The cylindrical structure of the Hadron Calorimeter is
formed by the assembly of the 64 sectors (supermodules*®).
The following problems have been considered in the course of
the development on the barrel structure:

- to provide the angle regularity for the placement of the
each supermodule in barrel;

- to provide the radial positioning for the each
supermodule;

- to provide the repetition of the longitudinal sizes for
each supermodule in the half-period zone;
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- to provide the coordinate relation for each period and
half-period on Z-axis;

- the ways for the linking together the long and short
plates forming the half-periods;

- the refinements of the tiles geometry;

- the refinements of the questions on the location of fibers
and its fastening elements.

It must be emphasized that the given development bears
the conceptual character because the following problems
remain to be solved:

- the barrel assembly is carried out on the earth surface or
in the detector ATLAS region directly;

- the process of the barrel assembly is combined with the
central detector assembly or the central detector is removed
into barrel when assemblied;

- the availability of the gaps and its sizes between and the
systems adjointed with it;

- the possibility of the increasing the thickness for the end
plates (its thickness is 20 mm);

- the requirements for the barrel supports are unclear etc.

* Sector is called the supermodule because in the structure
proposed by us it consists of a few short modules.
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In the proposed version of the supermodule there is the
possibility of the insert the additional steel plate welded inside
the slot organized on the inner radius (see Fig.3). The
insertion of this plate allows to raise the linearity of
supermodule and its stiffness.

Version of fibers placing in end zones of long plates was
considered by us to reduce dead zones in tiles zone.
Realization of the version is possible on condition that long
plates made from 2.5 mm thickness sheets will be
manufactured (see Fig.6).

Increase of optical homogeneity of tiles is possible at
transference of holes for studs and tubes to outlying area
(Fig.16). Transference of the holes to tiles outlying area
allows to reduce number of studs to one-second.

Utilization possibility of thin steel strips welded by spot-
weld was considered to improve mechanical protection of
fibers and to ensure its firm fixation in tile recesses.
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4.0. Module. Design philosophy.

Supermodule consists of 6 modules, each of them is
formed from plates of half-periods welded to 20 mm thickness
steel plate and fastened together with thread studs ( more
detailed the construction of individual module is shown on

Fig.7-10).
Technology of module assembly provides for use of
small-sized stand in which "comb" - devices are used

providing placement of each half-period in Z-direction.
Proposed construction of modules allows to insure
replication of linear dimensions from module to module,
transportation problems become simpler.
Elements making base of modules construction are shown
on Fig. 7-18.
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5.0. Assembly.

Assembly procedures include assembly of modules,
supermodules and barre].

5.1. Assembly of module.

Preassembly of half-periods (Fig.19) then entering to
assembly stand of module (Fig.20) is carried out before
assembly of module itself. Assembly of half-periods is carried
out with electroweld on separate assembly jig.

Assembly stand of module has precision base surfaces,
installation of half-period plates and 20 mm thickness load-
bearing plate is carried out relative to them. Placement of
each half-period is ensuring with technological "comb"-
devices. Assembled module includes half-periods, studs and
load-bearing plate.

During further development of the stand it is planed to
equip it with control devices of geometrical dimensions of
module and errors of departures from given linear properties
of all module sides. Tiles are installed to the assembled
module (Fig. 21).
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Fig. 19 Assembly of half—period (welding of spacers to
master).

32



Fig. 20 Packing of module, setting of studs, welding of
plate, weld of module along inner radius.
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F1g.2| Setting of tiles with replacement of studs by tubes.
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5.2. Assembly of supermodule.

Assembly of supermodule from individual modules is
carried out on jig (see Fig.22). Alignment of each module
relative to each other in the plane perpendicular to Z-axis 1s
carried out after prefastening of each module on girder (Fig23).

Then 10 mm thickness steel plate is pressed into
engagement with recess which is in each module on inner
radius and is welded to 10 mm thickness steel plate.

After assembly of supermodule the control of the most
important dimensions has to be carried out, then installation
of fibers is executed (Fig.24,25).

5.3. Assembly of barrel.

Assembly of Hadron Calorimeter barrel includes
following stages:

1. Assembly of barrel base with supports.

2. Preassembly is carried out on jig from 4 supermodules
fastened together in the zone of end plates, in the zone of
girders and on inner radius ( Fig.26-32).

Control of assembly geometry is carried out during
assembly of each module with previous one to eliminate
collected errors of supermodule manufacture. Compensation
of tolerances is realized with installation of compensating
shims on contact borders of neighbouring supermodules
(Fig.27,32).



@ CERN / LHC 94

28 January 1994

\/ Hadron Calorimeter of ATLAS
/

IHEP , Protvino , Russia

2.0. Mechanical Performance.

The designe of the barrel for the Hadron Calorimeter with
the cylindrical structure formed by 64 supermodules is shown
in Fig.1.

2.1. Performance data.

Barrel.

Outer radius, mm 4230
Inner radius, mm 2250
Barrel length, mm 5900
Weight (total), t 1318
Number of supermodules in barrel 64
Length of the active section of barrel on Z-axis, mm 5860
Radial size of the active section of barrel,mm 1540
Distance between barrel supports on X-axis,mm 5500

Distance between support plane and barrel axis, mm 4000

Supermodule

Length of supermodule,mm 5900
Number of modules in supermodule | 6
Azimuth size of supermodule,deg 5.625
Weight of supermodule,t 20
Number of half-periods in supermodule 651
Number of photomultipliers in supermodule 156
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Module.

Length of the end modules,mm 965 (974)
Weight of the end modules,t 2.9 (2.87)
Number of half-period in the end modules 105 (106)
Number of the end modules in barrel 128
Length of the middle modules,mm 990
Weight of the middle modules,t 2.9
Number of half-periods in the middle modules 110
Number of the middle modules in barrel 256

Half-periods of modules.
Inital data for half-period geometry

Material for steel plates steel 08
(indentical to steel type E24)
Thickness of the long plates,mm . 5
Thickness of the short plates,mm 4
Sizes for steel sheets under delivery,mm
with thickness 5 mm 1200x1600
with thickness 4 mm 1000x2000
The required amount of steel under delivery,t
with thickness 5 mm 1250
with thickness 4 mm 500

Girders of supermodules.

Total sizes LxBxH,mm 5860x410x380
Weight of girder,t 2.761
Number of girders of barrel 64
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2.2. Technical requirements.

e Magnitude of the allowable distortions
for the barrel geometry on the outer radius,mm

e The allowable deviations of the barrel
length,mm

e Magnitude of the allowable distortions
for the barrel geometry on the inner radius,mm

e  Magnitude of the allowable gaps
between side planes of supermodules, mm

e Posttioning accuracy for each half-
periods on Z-axis,mm

e Requirements on stability of fill factor
for steel on Z-axis in the active region of
barrel, %

e Requirements on the positioning accuracy
of the barrel axis relative to the beam axis,mm

e Positioning error for barrel on Z-axis
,mm

. Requirements on the allowable
fabrication error of tiles:

on thickness,mm
on outer dimensions, mm

e Allowable radiuses of bends for fibers
under its bringing to photomultipliers,mm

e Requirement on the problems of access
and service for barrel systems

AR=+ ?
A= 0.37?
=0.57=1.07

?
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e Requirement on seismic affects ?

e Limitations on weight and size under
transportation of barrel units from supplier
(maker) to the place of the assembly of

calorimeter ?
e Limitations on weight and size during
the assembly of hadron calorimeter ?

e Requirements on scenario and place for
calorimeter assembly (place of assembly,
assembly sequence etc.) ?
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3.0. Supermodule. Design Philosophy.

The supermodule can be built by at least two ways.

The first way allows for the welding of the stacked half-
periods to the girder. The given techniques is realized under
the using of the expensive facility of the large sizes providing
the all-round squeeze of the stacked plates and its precise
positioning during the welding.

Following the second way the supermodule ( see Fig.1-6)
can be assembled from the single short modules (see Fig.7-9)
which then should be fastened on the girder. During the
assembly each half-period has rigid positioning on Z-axis.

The first way has the following disadvantages:

1. The assembly facility is too costly for the assembly
operations.

2. The using of the expencive facility doesn't except the
possibility of following deforming of supermodules from the
residual stresses in the region of the welding joints.

3. The stacking of the half-periods formed from the steel
sheets with the thickness tolerances inevitably leads to the
summing up of tolerances and doesn't allow to provide the
required positioning accuracy for each half-period on Z-axis.

4. The geometrical distortions of the plates on the
thickness under the stacking results in the breach of the
parallelism of the plate edges in supermodule. So it's
necessary to use the individual shims between the plates. The
given process is very expencive, laborious and poorly
controlled.
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5. The tolerances on the plate thickness don't allow to
provide the reproducibility of the length for each
supermodule. In accordance with estimation given by the
specialists of ALSTOM (see DBRE/NOTO 4) the tolerance

on the length 5900 mm is equal to +4.5mm.

6. To take into account the possible deformations the
transportation of the supermodule of 5900 mm length and
about 20 t weight is very problematic and unsafe.

From our point of view the second way of the
supermodules assembly has the following advantages, namely:

1. It isn't required expensive facility of the large sizes for
assembly operations.

2. The problems concerning the lifting and transport
operations get essentially simplified.

3. In the short module the possible deformations provided
by the welding joints are far less and can be: easily
compensated during the assembly of modules into
supermodule.

4. The precise positioning of each half-period on Z-axis is
provided in the limits of the supermodule and the whole
barrel.

5. It's assured the reproducibility of the linear dimensions
for each module and supermodule.

6. There is no problem of the joining and assembling for
the end plates of barrel between each other (plates of 20 mm
thickness), so one can organize the preliminary test assembly
of the end "lids" of barrel.



