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ATLAS-XX-XXXX-XX

TILECAL PRE-ASSEMBLY PROCEDURE DESCRIPTION

Tilecal Collaboration

1. Assembly procedure

The Tile systems is described by its envelope drawings, ATCZLB_0001 for the barrel and ATCZLE_0001 for the Ext. Barrel. The Tile assembly procedure has two main steps, the pre-assembly on surface of the three sections of the Tile Calorimeter  and the final assembly at the cavern. Both operations will use similar tooling and the load conditions are intended to be the same. An outline of the related operations with the pre-assembly are described in this document. 

1.1 Pre-assembly

This operation is being designed with two main goals,  to test and set the operational parameters of the final assembly procedure, and as a final test of the geometric and mechanical behaviour of  Tile Calorimeter. 

 For this operation an ancillary support structure, cradle, is foreseen in order to provide the necessary framework for the operation. The design of the structure can be seen on fig.1. We can distinguish four main steps on the assembly:

a) Assembly of the modules below the saddle

b) Assembly of the modules on the saddle zone

c) LAr cryostat simulation load assembly

d) Assembly of the modules above the LAr cryostat.

1.1.1 Assembly of the modules below de saddle

The initial module is positioned at 6 o’clock position, its surveyed, and its position tuned if necessary by inserting shims between the support and the cross bars. A second module is positioned  symmetrically to first one, it’s surveyed and the shims between them defined and mounted. Once the position is satisfactory the intermediate cross bar plates are mounted as well as the pins. This scheme is repeated up to reach the saddle zone. See fig. 2 and fig. 3 for a description of this process.

1.1.2 Assembly of the modules on the saddle zone

Once the saddle zone is reached the saddle is mounted, the modules are assembled in a similar way to the previous stage up to the modules where the LAr cryostat is sitting (in the case of the End Cap) or the middle plane of the cylinder ( in the case of the Barrel). Fig.4 shows this configuration

1.1.3 LAr cryostat simulation load assembly

In this stage the cryostat supports are mounted, and the simulation load positioned. General review of  deformations and the assembly is foreseen at this stage to check possible damages. Deformations will be measured and cross checked with the predicted by the calculations. Fig. 5 shows this stage.

1.1.4 Assembly of the modules above the LAr cryostat

The same methodology used in the point 1.1.1 will be applied up to the completion of the cylinder. Fig. 6 and 7 illustrates this stage. Once the cylinder is completed the hydraulic jacks at the bottom of the pre-assembly frame should be released of load in order to check stability of the assembly. 

1.2 Final Assembly

Previous to this operation the cylinders should be partially disassembled. All the modules with the exception the lower part section will be disassembled, shims and position will be recorded and stored for each one. These lower parts will be brought in “one piece” to the pit. The number of modules will be different for the barrel and the End cap due to the shaft crane capacity. It’s foreseen the structure used for the pre-assembly will be used for the transport of this sections.

Once in the cavern the transport structure will be positioned in place being integrated with the ATLAS Truck support structure.

The process for the final assembly is basically the same than in the case of the pre-assembly, only one  step more is necessary, the disassembly of the transport and its ancillary parts used for the assembly.

2. Individual Module Pre-assembly scenario

The assembly operation process has been designed running in parallel the preparation for assembly of the module n+1 and the assembly of the module n. Putting aside the start and end effects, the typical time necessary foreseen for the assembly of one module can be seen from the table below:

	MODULE CONFIGURATION
	TIME (hours)

	Barrel standard
	14.5

	Barrel with pins
	21

	EB standard
	9.5

	EB with pins
	15


A detailed list of the operations to be performed and its duration is shown in the following tables.

Barrel Modules Breakdown

	
	ACTIVITY
	DURATION (hours)

	1
	Module Preparation N+1
	10

	2
	N+1 Passport check
	0.5

	3
	N+1 Surface measurements
	4

	4
	N+1 Submodule bolts check & inspection
	2

	5
	N+1 Shims pre-definition
	0.5

	6
	N+1 Shims installation
	2

	7
	N+1 Link elements installation
	2

	8
	Module assembly N
	14.5

	9
	N Manipulation tool connection
	0.5

	10
	N Preliminary orientation
	0.5

	11
	N Transport to assembly zone
	1

	12
	N Bolt link elements I
	2

	13
	N Survey
	0.5

	14
	N Unbolt link elements I
	2

	15
	N Shims correction
	0.5

	16
	N Bolt link elements I
	2

	17
	N Survey
	0.5

	18
	N Bolt link elements II
	2

	19
	N Disconnect manipulation tool
	0.5

	20
	N Bolt link elements III
	2

	21
	N Final survey
	0.5

	22
	N Pins installation
	8


Extended Barrel modules breakdown
	
	ACTIVITY
	DURATION (hours)

	1
	Module Preparation N+1
	5

	2
	N+1 Passport check
	0.5

	3
	N+1 Surface measurements
	2

	4
	N+1 Submodule bolts check & inspection
	1

	5
	N+1 Shims pre-definition
	0.5

	6
	N+1 Shims installation
	1

	7
	N+1 Link elements installation
	1

	8
	Module assembly N
	9.5

	9
	N Manipulation tool connection
	0.5

	10
	N Preliminary orientation
	0.5

	11
	N Transport to assembly zone
	1

	12
	N Bolt link elements I
	1

	13
	N Survey
	0.5

	14
	N Unbolt link elements I
	1

	15
	N Shims correction
	0.5

	16
	N Bolt link elements I
	1

	17
	N Survey
	0.5

	18
	N Bolt link elements II
	1

	19
	N Disconnect manipulation tool
	0.5

	20
	N Bolt link elements III
	1

	21
	N Final survey
	0.5

	22
	N Pins installation
	8


2.1 Description of the common activities

There are typical activities that are repeated in the installation of each module, there are also some of them that are different in function of the special characteristics of some modules, basically on its manipulation tooling. On this section the resources, tooling necessary for each activity are specified for barrel and extended barrel standard modules.

Extended Barrel modules

	ACTIVITY
	DURATION (hours)
	MANPOWER
	TOOLING

	Module Preparation N+1
	5
	
	

	N+1 Passport check & fiducial marks installation
	0.5
	Eng-1, survey team
	PC,  fiducial marks installation tool

	N+1 Surface measurements & gap measurements
	2
	Tech-1,Tech-2
	Rule 2 m, caliper 500 mm, calibrated gauges

	N+1 Submodule bolts check & inspection
	1
	Tech-1,Tech-2
	 dynamometryc  tool 

	N+1 Shims pre-definition
	0.5
	Eng-1
	PC & software

	N+1 Shims installation
	1
	Tech-1,Tech-2
	Cutting tooling

	N+1 Link elements installation
	1
	Tech-1,Tech-2
	Pneumatic wrench, forklift 

	ACTIVITY
	DURATION

(hours)
	MANPOWER
	TOOLING

	Module assembly N
	9.5
	
	

	N Manipulation tool connection
	0.5
	Tech-3,Tech-4,Eng-2
	 Module manipulation tool & rotator & crane

	N Preliminary orientation
	0.5
	Tech-3,Tech-4,Eng-2
	Module manipulation tool & rotator & crane

	N Transport to assembly zone
	1
	Tech-3,Tech-4
	Module manipulation tool & rotator & crane

	N Bolt link elements I
	1
	Tech-3,Tech-4
	Module manipulation tool & rotator & crane & pneumatic wrench & pneumatic lift

	N Survey
	0.5
	Eng-2,Survey Team
	Theodolite & Module manipulation tool & rotator & crane

	N Unbolt link elements I
	1
	Tech-3,Tech-4
	Module manipulation tool & rotator & crane & pneumatic wrench & pneumatic lift

	N Shims correction
	0.5
	Tech-3,Tech-4,Eng-2
	Cutting tooling & Module manipulation tool & rotator & crane 

	N Bolt link elements I
	1
	Tech-3,Tech-4
	Module manipulation tool & rotator & crane & pneumatic wrench & pneumatic lift

	N Survey
	0.5
	Eng-2,Survey Team
	Theodolite & Module manipulation tool & rotator & crane 

	N Bolt link elements II
	1
	Tech-3,Tech-4
	Module manipulation tool & rotator & crane & pneumatic wrench & pneumatic lift

	N Disconnect manipulation tool
	0.5
	Tech-3,Tech-4
	Module manipulation tool & rotator & crane

	N Bolt link elements III
	1
	Tech-3,Tech-4
	Module manipulation tool & rotator & crane & pneumatic wrench & pneumatic lift

	N Final survey
	0.5
	Eng-2,Survey Team
	Theodolite

	N Pins installation
	8
	Tech-1-Tech-2
	Magnetic base & drill, pneumatic lift


Barrel modules

	ACTIVITY
	DURATION (hours)
	MANPOWER
	TOOLING

	Module Preparation N+1
	10
	
	

	N+1 Passport check & fiducial marks insatallation
	0.5
	Eng-1, Survey team
	PC,  fiducial marks installation tool

	N+1 Surface measurements
	4
	Tech-1,Tech-2
	Rule 2 m, caliper 500 mm, calibrated gauges

	N+1 Submodule bolts check & inspection
	2
	Tech-1,Tech-2
	 dynamometryc  tool 

	N+1 Shims pre-definition
	0.5
	Eng-1
	PC & software

	N+1 Shims installation
	2
	Tech-1,Tech-2
	Cutting tooling

	N+1 Link elements installation
	2
	Tech-1,Tech-2
	Pneumatic wrench, forklift 

	Module assembly N
	14.5
	
	

	N Manipulation tool connection
	0.5
	Tech-3,Tech-4,Eng-2
	 Module manipulation tool & rotator & crane

	N Preliminary orientation
	0.5
	Tech-3,Tech-4,Eng-2
	Module manipulation tool & rotator & crane

	N Transport to assembly zone
	1
	Tech-3,Tech-4
	Module manipulation tool & rotator & crane

	N Bolt link elements I
	2
	Tech-3,Tech-4, Tech-5, Tech-6
	Module manipulation tool & rotator & crane & pneumatic wrench (2) & pneumatic lift

	ACTIVITY
	DURATION (hours)
	MANPOWER
	TOOLING

	N Survey
	0.5
	Eng-2,Survey Team
	Theodolite & Module manipulation tool & rotator & crane

	N Unbolt link elements I
	2
	Tech-3,Tech-4, Tech-5,Tech-6
	Module manipulation tool & rotator & crane & pneumatic wrench (2) & pneumatic lift

	N Shims correction
	0.5
	Tech-3,Tech-4,Eng-2
	Cutting tooling & Module manipulation tool & rotator & crane

	N Bolt link elements I
	2
	Tech-3,Tech-4, Tech-5, Tech-6
	Module manipulation tool & rotator & crane & pneumatic wrench (2) & pneumatic lift

	N Survey
	0.5
	Eng-2,Survey Team
	Theodolite

	N Bolt link elements II
	2
	Tech-3,Tech-4
	Module manipulation tool & rotator & crane & pneumatic wrench (2) & pneumatic lift

	N Disconnect manipulation tool
	0.5
	Tech-3,Tech-4
	Module manipulation tool & rotator & crane

	N Bolt link elements III
	2
	Tech-3,Tech-4,Tech-5,Tech-6
	Module manipulation tool & rotator & crane & pneumatic wrench (2) & pneumatic lift

	N Final survey
	0.5
	Eng-2,Survey Team
	Theodolite

	N Pins installation
	8
	Tech-1,Tech-2,Tech-3,Tech-4
	Magnetic base & drill(2), pneumatic lift


2.2 Description of the special operations

There are two special operations during the pre assembly, installation of the saddles and installation of the LAr dummy weight. 

2.2.1 Saddles installation

The saddles are the final support structure of the assembled cylinders. Those pieces are described in the drawings AT-740 to AT-750. The weight of each saddle is 8.5 Tn for the EB and 17 Tn for the Barrel ones. The saddles  can be manipulated with the rotator.

The mains steps for its installation are listed in the table below:

	ACTIVITY
	DURATION (hours)
	MANPOWER
	TOOLING

	Saddle connection to the rotator
	2
	Tech-3, Tech-4, Eng-2
	Rotator & crane

	Preliminary orientation
	0.5
	Tech-3,Tech-4, Eng-2
	Rotator & crane

	Transport to Assembly zone
	1
	Tech-3,Tech-4
	Rotator & crane 

	Connection to the cylinder. Initial positioning
	2
	Tech-3,Tech-4, Eng-2
	Rotator & crane

	Survey
	2
	Eng-2,Survey Team
	Rotator & crane , theodolite

	Key’s slot gap check and shimming
	3
	Tech-3,Tech-4, Eng-2
	Rotator & crane, cutting tooling

	Connection to the cylinder. Final positioning
	2
	Tech-3,Tech-4, Eng-2
	Rotator & crane

	Survey
	2
	Eng-2,Survey Team
	Rotator & crane, theodolite

	Rotator disconnection 
	2
	Tech-3, Tech-4, Eng-2
	Rotator & crane


2.2.2 LAr dummy weight installation

Looking at the last results on the pre-assembly calculations, it looks like the system is not stable when the 24 modules (up to the top level of the saddle) and the LAr dummy weight is installed. That point needs further investigations, but on the current scenario the LAr is installed when half of the cylinders are assembled. The technique to simulate the weight is under investigation at this moment, due to the dimensions of the Endcap, the solution of an structure supporting and equivalent weight is complex, due to the fact that the volume inside the Tile Endcap is not enough to host the weight in concrete or iron needed.  In function of the solution adopted the dummy weight could remain  in position or it will be dismantled .The dummy weigh it looks like it is not a problem for the barrel case. So, the steps defined in the table below are tentative:

	ACTIVITY
	DURATION (hours)
	MANPOWER
	TOOLING

	LAr  supports installation
	8
	Tech-3, Tech-4, Eng-2
	Crane

	Structure connection to crane
	2
	Tech-3, Tech-4, Eng-2
	Crane

	Transport to Assembly zone
	1
	Tech-3,Tech-4
	Crane 

	Structure connection to the supports. 
	2
	Tech-3,Tech-4, Eng-2
	Crane

	Dummy weight positioning
	6
	Tech-3,Tech-4, Eng-2
	Crane

	Survey
	2
	Eng-2,Survey Team
	Theodolite

	Dummy weight dismantling 
	6
	Tech-3,Tech-4, Eng-2
	Crane

	Structure disconnection from supports
	2
	Tech-3,Tech-4, Eng-2
	Crane

	Transport to storage zone
	1
	Tech-3,Tech-4
	Crane

	Structure disconnection from crane
	2
	Tech-3, Tech-4, Eng-2
	Crane


2.3 Survey special operations

There will be some special survey special operations that will be carried on during the pre assembly. The aim of such operations is to cross check the overall assembly tolerances and the  loads of the saddles, cradle and swivel bolts. That information will be confronted with the data predicted by the calculations. From such confrontation we expect to anticipate possible geometrical deviations and catastrophic distribution of loads. The exact stages where that survey will be executed can be modified with the experience accumulated during the assembly. We expect to carry out those measurements without interference with the assembly tasks. The tooling necessary is the same for all them:

· Theodolite.

· Pressure gauges (cradle hydraulic jacks).

· Torquimeter (swivel bolts).

· Load cells (saddle supports).

So far, the steps where those checks are foreseen to be performed are the following:

· 14 modules in place supported by saddles + craddle.

· 16 modules in place supported by saddles + craddle. 

· 18 modules in place supported by saddles + craddle.

· 20 modules in place supported by saddles + craddle.

· 22 modules in place supported by saddles + craddle.

· 24 modules in place supported by saddles + craddle.

· 24 modules in place supported by saddles.

· 32 modules in place without the LAr load supported by saddles.

· 32 modules in place with the LAr load supported by saddles.

· 64 modules in place supported by saddles.

· 24 modules in place with LAr load supported by saddles.

3. Assembly area

The assembly area is described in the drawing XXXXXX. That area is located in the building 185. That building is equipped with an overhead travelling crane of 40 Tn load capacity. There is one zone of the floor of the building that can stand up to 1530 Tn, due to the fact that the former Gargamelle experience foundation is still in place. For obvious reasons that zone has been chosen to place the assembly area. Around that assembly area the survey towers will be distributed. The remaining area of the building will be devoted to storage.

4. Survey

A detailed description of  the survey provisions can be seen on EDMS in the document, “ATLAS - TILE CALORIMETER - Prep. activities scenario for Survey of pre-assembly”.

5. Materials

A quite complete list of the materials needed for the pre-assembly is enclosed in the table below:

	ITEM
	UNITS
	DRAWING/SPEC
	OBSERVATIONS

	Barrel modules
	64
	atllbm_0002
	Standard

	Ext. Barrel modules 
	88
	atllem_0002
	Standard

	Ext. Barrel modules
	40
	atllem_0015
	Special

	Fingers
	224
	atllbmh_0001
	Standard

	Fingers
	28
	atllbmh_0014 to atllbmh_0023
	Special

	Cross bars
	480
	atllbmgx_0001 to atllbmgx_0006
	Barrel

	Cross bars
	480
	atllemgx_0001 to atllemgx_0007
	Ext. Barrel

	Saddle
	1
	AT-740
	Barrel

	Saddle
	1
	AT-750
	Ext. Barrel

	Special Key cross bars
	1
	AT-780-12
	Barrel

	Special Key cross bars
	1
	AT-780-11
	Ext. Barrel

	Bolts
	15300
	Technical specs
	

	Pins
	1800
	Technical specs
	

	Shims
	
	Technical specs
	To be defined


6. Tooling

The tooling needed is listed in the table below:

	ITEM
	UNITS
	DRAWING/SPEC
	OBSERVATIONS

	Module manipulation brackets
	1 
	Technical specs
	4 different configurations

	Module manipulation traverse 
	2
	Technical specs
	

	Rotator
	1
	Technical specs
	

	Craddle
	1
	01TIC00100RV04 to 01TIC00500RV04
	16 hydraulic jacks ENERPAC CLP-602 

	Scaffolding
	1
	Technical specs
	

	Pneumatic lifting tool
	1
	Genie Host GH 5,6
	

	Pneumatic wrenches
	2
	Ingersoll Rand 2080-6
	

	Torquimeter tool
	2
	Standard
	

	Pressure gauges
	16
	ENERPAC
	

	Magnetic bases & drill
	2
	UDC type E 40
	

	Theodolite
	1
	Leica TC-1800
	

	Fiducial marks installation tooling & fiducial marks
	2
	Technical specs
	

	Callipers, 150, 350, 500
	1
	standard
	

	Ruler (2.5m)
	1
	standard
	

	Pins insertion/extraction tooling
	1
	Technical specs
	


7. Manpower

The characteristics and amounts of manpower needed are listed in the table below:

	TYPE
	UNITS
	OBSERVATIONS

	Technicians
	7
	· 2 at assembly zone

· 2 at preparation zone

· 1 at logistics

· 2 shift overlap, ancillary operations and general support.

Only 5 needed during disassembly.



	Crane team
	2
	

	Engineers
	2
	· 1 at preparation works and logistics

· 1 at assembly zone

	Survey
	2
	· 1 permanently at assembly

· 1 at data analysis

2 needed for redundancy, only one is strictly needed at the site.


8. Schedule

 The schedule at this moment is dominated by the delivery of the modules manipulation tooling. The delivery expected date is July 2002. Assuming that date the schedule is represented on the attached Gant charts.


