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TECHNICAL SPECIFICATION

Abstract 

This specification details the technical requirements relating to the Transportation and associated Transportation Insurance of the ATLAS SCT End-cap which is being assembled at Liverpool University (UK) and being transported to CERN (Geneva, Switzerland).
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Introduction

This Technical Specification concerns the ATLAS SCT End-cap being assembled at Liverpool University in the UK.

1.1 The ATLAS Experiment

The ATLAS Detector is a large piece of apparatus (7,000 tonnes, 44m long, 20m diameter) for Particle Physics experiments being constructed for the Large Hadron Collider (LHC) at the CERN Laboratory in Switzerland. A critical component of the ATLAS Detector will be the Semi-Conductor Tracker (SCT), made up of a Barrel and two identical End-caps. The SCT consists of a number of stable structures supporting silicon detectors; these silicon detectors will track sub-atomic particles to precisions of a few microns over volumes of several cubic metres.

1.2 The SCT End-caps

Two End-caps are being assembled: one at Liverpool University (UK) and one at the NIKHEF Laboratory in The Netherlands. This Technical Specification refers only to the Transportation of the UK End-cap.

An End-cap consists of a Support Cylinder which will hold 9 Discs. In turn, each Disc will carry up to 132 silicon detector modules. The fully assembled apparatus consists of the End-cap (grey cylinder in the picture below) with additional supports front and back.
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Silicon Detector Modules

These are precision components, most being made of 4 silicon detectors (but some being made of 2) and a readout board supporting 14 application-specific integrated circuits (ASICs). The detectors are approximately 6 cm by 6 cm and 0.3 mm thick. The Modules are very fragile – like thin pieces of glass.

Discs
Each Disc is a light-weight carbon-fibre disc which carries up to 132 Modules as well associated electrical, cooling and fibre-optic readout services.

Support Cylinder

The cylinder supports the Discs (not evenly distributed along the cylinder). Each Support Cylinder is a light-weight carbon-fibre cylinder with apertures from which the Disc services emerge. These services run along the outside of the cylinder. 

Services

The services extend a further 1 m approximately beyond the end of the cylinder and will be supported temporarily by a large frame.

2 Transportation Requirements for the SCT End-cap
2.1 The End-cap, Assembly Frame and Transport Box

The End-cap is 1940 mm long and 1140 mm diameter and weighs approximately 150 kg.

The End-cap will have electrical cables and cooling pipes attached to one end. 

The following picture shows the End-cap (green) in its Transport Box with the sides removed to reveal the End-cap on its Assembly Frame (blue). The End-cap will be held by metal rings at both ends which are connected along with some shock-absorbers to the Assembly Frame. The Assembly Frame also supports the associated services (purple).
The Assembly Frame will in turn be attached to the Transport Frame (red) by springs (yellow) which cushion the apparatus and provide damping.

A Lifting Pallet (brown) will be inserted under the Transport Frame. A Transport Box with rigid sides, top and bottom panels (lime green frame with dark brown panels) will be built around the assembly. Wheels will be added to facilitate the movement of the Box.
The End-cap will be wrapped in ESD-dissipative cling-film and packed into its Transport Box by the Assembly Team at Liverpool University.
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The dimensions of the Transport Box will be:

· Length – 3.70 m between the wheel centres.

· Width – 2.16 m, of which 0.05 m either side arises from the protrusion of the wheels.
· Height – 2.60 m, when the wheels are lowered.

· The total weight will be approximately 2.8 tonnes – this is dominated by the pallet and the frame.

The exact position of the centre-of-mass is not yet known although it is expected to be close to the centre of the Transport Box in the horizontal plane. This will be determined before the End-cap is transported.
The wheels have a diameter of 0.20 m, raising the box about 4 cm from the ground.
The Lifting Pallet will be designed so that it is compatible with being lifted by a forklift truck.

2.2 Requirements for Transportation

The contractor shall transport the End-cap in its Transport Box in an air-sprung, temperature-controlled, humidity controlled lorry. If the truck requires any ballast to maximise its stability, it is expected that the contractor will provide this. Ideally there should be a door at the front of the lorry which will allow access to the front of the Transport Box when it is inside the lorry.
It is expected that the lorry with have an internal height of at least 2.80 m and width of at least 2.48 m with no obstructions.

The contractor is responsible for ensuring that the physical integrity of the End-cap is maintained and not affected as a result of the Transportation. The contractor shall be responsible for the prevention of damage, theft and loss, contamination of any form, degradation, and exposure to any elements which may affect the performance of the apparatus.

2.2.1 Final Test-run
It is required that before the End-cap is loaded into the lorry, a Final Test-run shall be undertaken. This shall consist of the lorry driving around Liverpool for 1 hour with ShockLog devices to measure vibrations. At least one hour is required to analyse the data from the ShockLogs before the go-ahead for loading the End-cap will be given. If there is significant concern for the safety of the End-cap, the transportation will be postponed.
2.2.2 Loading the End-cap at Liverpool University

The contractor shall be responsible for removing the End-cap in its Transport Box from the loading bay in the Physics Department at Liverpool University and placing it in the lorry in which it is to be transported.

The contractor shall be responsible for providing a suitable forklift truck (with operator) to move the Transport Box. The forklift truck should have a capacity to lift around 7 tonnes and have forks which extend over 2.1 m.
Once inside the lorry, the Transport Box shall be moved to a suitable place within the lorry and its wheels raised
. In addition, the contractor shall secure the Box within the lorry using the load-lock bars and suitable straps.
2.2.3 Transportation to CERN

The End-cap shall be transported by road and though the Channel Tunnel. The lorry shall not exceed 80 km/h. At all times, the lorry shall be accompanied by the driver. To avoid delays at customs, the Transportation should start on a Monday, Tuesday or Wednesday.

To check that it is safe to transport the End-cap, the lorry shall stop at a convenient and pre-determined location about 30 mins after its departure from Liverpool University to allow the ShockLogs on the End-cap to be analysed. This should take no more than one hour. If there is significant concern for the safety of the End-cap, the lorry shall return to Liverpool University and the transportation will be postponed.

To obtain customs clearance, the End-cap shall be taken to Building 904 on the CERN/Prevessin site (France). When the appropriate paperwork has been obtained, the End-cap shall be taken through the French-Swiss Customs next to CERN to the SR1 Building (Building 2175)
.

2.2.4 Unloading the End-cap at CERN

The contractor shall be responsible for unloading the End-cap in its Transport Box into ATLAS SR1 Building at CERN. 

The contractor shall be responsible for providing a suitable forklift truck (with operator) (see Section 2.2.2) to move the Transport Box.

Since the forklift truck cannot enter the SR1 Building, the Transport Box shall be placed just inside the building.

2.2.5 Detailed Requirements

In what follows, the acceleration, temperature and humidity will be monitored by ShockLog devices supplied by ATLAS. One device (the outer ShockLog) will be attached to the outside of the Transport Box, while a second (the inner ShockLog) will be attached to the Assembly Frame.

2.2.5.1 Orientation

The End-cap shall be kept in its correct orientation at all times.

During Transportation, it should not be tilted by more than 10 degrees (18% gradient).

This will be monitored by tilt devices attached to the Transport Box.

2.2.5.2 Acceleration

It is essential that accelerations to the End-cap are minimised. Hard breaking should be avoided except in case of emergency and great care should be taken in going over bumps on the road.

The acceleration experienced by the outer ShockLog in excess of the force of gravity shall not exceed 3 g (g is the acceleration due to gravity) in any direction.

2.2.5.3 Temperature

The temperature experienced by the End-cap shall be held within 3oC of 20oC throughout the journey.

2.2.5.4 Humidity

One of the most important requirements for the End-cap is that it should not have condensation forming on it. The relative humidity experienced by the End-cap shall not exceed 80%. The preferred relative humidity is around 40%.
3 Preliminary Test-run

ATLAS would like the option to test some of the procedures and the effect of vibrations in the Transport Box. If a Preliminary Test-run is required, it will probably be needed a few months before the Transportation of the End-cap.

For this Preliminary Test-run, the Transport Frame, Inner and Outer Transport Boxes, Pallet and a representation of the End-cap will be assembled.

3.1 Requirements for the Preliminary Test-run
The contractor shall provide an air-sprung lorry; however, it need not be air-conditioned and need not have rigid sides. The lorry shall be at least as high and at least as wide as the lorry specified in Section 2.2.2).
The contractor shall be responsible for removing the Transport Box from the loading bay in the Physics Department at Liverpool University and placing it in the lorry in which it is to be transported.

The forklift shall be the same one as will be used for the movement of the End-cap (as in Section 2.2.2).

Once inside the lorry, the Transport Box shall be moved to a suitable place within the lorry, its wheels raised and the Box secured.

The lorry shall then drive around for at least one hour before returning to the Physics Department.

The contractor shall be responsible for removing the Transport Box from the lorry and returning it to the loading bay.

All the operations shall be overseen by the same representative of the contractor who will be responsible for the loading of the End-cap later.

4 Dates for the Transportation

The dates are not yet know, but will be communicated to the contractor as soon as possible. The actual dates will depend on progress with the work at Liverpool. 

It is possible that the End-cap will need to be transported around the start of September or mid-December 2005.

ATLAS reserves the right to postpone the transportation at any time in the event of bad weather.

5 Insurance for the Apparatus

5.1 Required Cover

The Transportation Insurance shall cover the complete SCT End-cap 

· from the time at which the contractor removes the End-cap in its Transport Box from the loading bay in the Physics Department at Liverpool University

· to the time when the End-cap in its Transport Box is delivered and unloaded in to the ATLAS SR1 Building at CERN.

Cover is not required for the Preliminary Test-run. 

5.2 Value of the End-cap

The value of the End-cap is estimated as:

· 1067 kCHF for the Discs
· 6317 kCHF for the Modules

· 1114 kCHF for the manpower associated with assembling Discs

· 360 kCHF for the on-Cylinder services

· 360 kCHF for the manpower associated with assembling on-Cylinder services

· 160 kCHF for the Support Cylinder

The total insured value of the End-cap is 9,377,000 CHF with the on-Cylinder Services or 8,658,000 CHF without the on-Cylinder services. The exact state of the End-cap (with or without the on-Cylinder Services) will be clarified when the date of Transportation is fixed.
5.3 Beneficiary of Claims on the Insurance Policy

In the case of claims made on Insurance Policy, payment should be made to the European Organisation for Nuclear Research (CERN).
6 Provisional Acceptance

Before departure from Liverpool, photographs will be taken by the ATLAS Team of the End-cap, Transport Box and lorry. These will be used as a reference for comparison when the End-cap is delivered to CERN.
On arrival at CERN, the End-cap will be subjected to a visual inspection. Any part of the End-cap which shows signs of visible damage will be deemed to have been damaged during Transportation.

CERN shall announce Provisional Acceptance of the End-cap within one month of its delivery to CERN.

Any component which is deemed to have been damaged during Transportation shall be the subject of a claim on the Insurance Policy.
Prices

Net and firm prices, not subjected to revision and exonerated from all taxes and custom duties, are required. These prices should be broken down as follows:
1. Preliminary Test-run (as in Section 3), with two alternatives:
a. Using the same lorry as will be used for the final Transportation of the End-cap.

b. Using an air-sprung lorry as described in Section 3.

2. Transportation of the End-cap, including the required handling at Liverpool and CERN, as well as the Final Test-run (as in Section 2.).
3. Insurance for the Transportation of the End-cap (as in Section 5).
ATLAS reserves the right not to take up the option of the Preliminary Test-run.
7 Addresses and Contact Persons

7.1 ATLAS Contact for Contractual Discussions
Dr. Stephen Haywood
Rutherford Appleton Laboratory
Chilton
Didcot
OX11 0QX
UK
Tel +44 (0)1235 446761 
S.Haywood@rl.ac.uk
7.2 Assembly at Liverpool

Dr. Neil Jackson
Department of Physics
Liverpool University
Liverpool
L69 7ZE
UK
Tel +44 (0)151 794 366
jnj@hep.ph.liv.ac.uk
7.3 Delivery at CERN

Mr. Richard Apsimon
CERN
CH-1211
Geneva 23
Switzerland
Tel +41 (0)764 875031
Richard.Apsimon@cern.ch






� Raising the wheels requires access to the front of the Transport Box. Ideally access should be provided by a front door. Failing this, the Box could be placed one side of the lorry, and there would be a gap of no more than 2.48 – 2.16 + 0.05 (wheels) = 0.37 m to allow a person to get to the front of the Box.


� The same procedures should be used as have been used for the Transportation of the ATLAS SCT Barrels.





