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Abstract 

In preparation for the PRR on 31st Jan 2005 this note outlines the plan for the production of the remaining components for the completion of the Thermal Enclosures.
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1 Introduction

The component parts of the Thermal Enclosure are shown in the exploded view in FIG. 1.1. with the Support Cylinder included. Many of the components that form parts of the Thermal Enclosure have already been manufactured.
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FIG. 1.1

The following is a list of components whose manufacture has been completed:

· Support Structure assembly

- Drawing Number
TD-1011-171-E

· Support Cylinder 


- Drawing Number
TD-1011-933-H

· Front Thermal In-fill Panels

- Drawing Number
TD-1011-143-C

· Front Support



- Drawing Number
TD-1011-138-C

· Inner Thermal Enclosure

- Drawing Number
TD-1011-949-C

· Rear Support



- Drawing Number
TD-1011-149-G

· Services Thermal Feedthrough (A)
- Drawing Number
TD-1011-977-E

· Services Thermal Feedthrough (B)
- Drawing Number
TD-1011-954-E

Of the remaining components still to be manufactured, the major item is the Outer Thermal Enclosure (OTE). This will require a top-level manufacturer with proven specialist expertise in the construction of composite structures and with the facilities to ensure that the finished product can be made with the required quality, accuracy and within the agreed timescale.

There are other components that also require similar care but are much simpler in construction that can be placed with the same manufacturer chosen for the OTE, or there may be grounds to distribute the outside manufacturing to a number of different companies on considerations of cost and delivery schedule.

There are also a few components that could be made in-house, but this is all dependant on the availability of manpower.

1.1 The Schedule

This is a separate MS Project file which is included in the same EDMS folder as this document.

All the components for the complete production of both Thermal Enclosures are required at CERN at the end of 2005 prior to the assembly of the complete End-caps.

The schedule was planned so that the availability of key components required for testing and prototyping occurs as early as possible to eliminate any potential problems at the very outset. The schedule was set out so that several tasks and work packages could be performed simultaneously by different manufacturers if necessary.

The schedule also contains rough but safely conservative estimates for the manufacturing times of the various components (especially the OTE), where some of these components are of a non-standard construction. The manufacturing time estimates are based on experience of similar types of constructions as well as similar prototyping work carried out using fabrications made at RAL.
While some prototyping work still needs to be undertaken or completed at RAL, none of this impinges on the manufacture of the OTE.
2 Manufacture of the OTE

Out of the remaining components still to be manufactured, the OTE will be the most costly, and a competitive tendering process will be undertaken to find a manufacturer with the most cost effective solution. 

The OTE is a continuous cylinder constructed from 8mm thickness R82.60 Airex® foam sheet, laminated on the inside with 50μm pure aluminium foil (bonded with an epoxy adhesive) and on the outside with either Kapton or the same 50μm pure aluminium foil as on the inside. Other options also exist and several samples were made at RAL and tested to compare each type of construction (more information on these tests can be found in document ATL-IS-ER-0058). 

There is an external flange at the rear end of the cylinder made from a 5mm thickness Airex core covered on both sides with Kapton film. The aluminium foil from the inner surface of the OTE is cut into finger-like extensions beyond the cylinder and folded over the outward facing surface of the flange and bonded to it. At the front end of the cylinder there is an internal flange where similar finger-like aluminium foil extensions from the inner surface of the OTE are folded over and bonded to it. This is used to provide electrical continuity from the OTE to the membrane which is sandwiched between the Support Cylinder and the Front Support. These issues will be discussed in depth with the manufacturer, where samples will be provided by RAL to demonstrate the nature of each type of construction. A short prototyping phase involving the production of one or two short-length cylinders will be requested from the manufacturer to determine the most effective choice and verify its suitability.

2.1 Preliminary Selection of Potential Manufacturers

The construction of the OTE will be non-standard, being a composite of several materials. Therefore the manufacturer will need to be familiar with the construction of light-weight structures from comparable materials. Since one or two prototypes will need to be developed to resolve some issues, the company chosen will need to be flexible and willing to participate in a limited amount of R&D. RAL has already interacted with a number of such companies in the past, and in the first instance, will contact these informally before launching the tender. As well as being able to participate in a collaborative venture, RAL will be looking for a company with a history of making comparable structures and with suitable in-house facilities.

As part of the preliminary selection, an informal visit will be made to each bidder to assess such things as:

· How well equipped they are for manufacturing their own tooling i.e. machining and workshop facilities.

· Available space in construction and assembly areas.

· General cleanliness within the premises and presence of clean-room facilities.

· Presence of inspection and metrology capability.

· Materials storage facilities and environmental control (temperature, humidity etc.)
· Capability to dry Airex foam.
· Design office capabilities – i.e. CAD systems used and compatibility with RAL’s own CAD systems.
· Quality assurance systems in place.
· Experience in particular fields and diversity of products.
· Length of establishment and origins.
· Diversity of staff skills and numbers employed.
· Current work load and order book status.
The informal visit will also provide an opportunity to discuss the design and manufacturing processes being considered.

Information obtained during the preliminary visits will be used to sequester a list of serious contenders who would be most likely to fulfil the contract.

2.2 Invitation to Tender

The selected candidate manufacturers will be presented with a document entitled “Invitation to Tender”, ATL-IS-CS-0021, which will set out the conditions that will apply when the contract is offered. This will be accompanied by the “Technical Specification”, ATL-IS-CS-0022, and the manufacturing drawings.

The procedure for assessing the bids is outlined in the “Invitation to Tender”. The award of the Contract will be to the Bidder offering the most technically and commercially competitive and financially sound Bid for the supply of the hardware which conforms to the requirements set out in the “Technical Specification”. The evaluation of the Bids will be made on the basis of “the best value for money”, using criteria set out in the “Invitation to Tender”.

2.3 Manufacturing phase

Initially there will be a limited amount of development work undertaken to produce a number of prototypes. These are needed to prove the best manufacturing solution and the best choice of materials. These short length prototypes will be tested at RAL before a decision is made on which version to choose for the production model.

The go-ahead for the manufacture of the production model will be given once all test work on the prototype models have been performed to the satisfaction of the RAL team.

2.4 Delivery and Inspection

Assuming that the manufacturer is a company local to RAL, then delivery will be to RAL, where inspection and acceptance testing will take place.
2.5 Materials

No particularly unusual materials are required. 

None of the materials proposed have long lead-times – in fact most of the Airex foam has already been obtained (70% has been purchased; a further 30% will cover prototypes).

Special handling is not required for the materials other than ensuring that the Airex is kept in a dry atmosphere until used. It may be considered desirable to ask the manufacturer to dry the foam as outlined in ATl-IS-ER-0058.
2.6 Costs

The cost of the materials is not expected to be large: 
Most of the Airex foam has already been purchased; the total cost should be around £1000.

The tooling developed for the prototyping work (see ATL-IS-ER-0058) cost £700, so the cost for production should be £1000-2000.

The largest cost in manufacturing the OTE is likely to be in manpower. From our experience with the prototyping, we believe one production engineer with two technicians should suffice.

3 Manufacture of the Remaining Structural Components

3.1 Inner Thermal Enclosure (ITE)

This item has already been partially manufactured. Presently it is a plain cylinder with a 0.5mm wall thickness of carbon fibre. Integrated into the cylinder at one end only is a carbon fibre support flange which is fitted with 8 M4 aluminium alloy inserts for fixing to the front support (drawing number TD-1012-432).

The following work is required to complete the manufacture of this item:

· The entire outer surface of the cylinder will be covered in 5mm thickness Airex foam sheet that has be specially machined with a network of grooves to act as gas channels for the nitrogen purging.

· The grooves will be lined with 25μm Kapton film for reinforcement.

· Aluminium foil (50μm thickness) will cover the entire external surface of the foam and a set holes Ø0.3mm diameter will be placed at strategic locations to deliver the gas into the disc region.

· There is a nitrogen gas-supply union fitted into the foam which attaches to the main supply pipe.
It is envisaged that this work will be carried out at CERN and it will be the responsibility of RAL to provide CERN with the necessary assembly instructions to complete the ITE. RAL will also supply the necessary materials, including nitrogen supply union components.

3.2 Rear Thermal End Plate

Drawing number TD-1012-445. This is an annular cut sheet of Airex foam which is fixed to the inner surface of the Rear Support. A number of inserts are bonded into the foam and these are used to fix it to the Rear Support. This is a very simple construction and could be manufactured in-house or by a local company.

3.3 Rear Thermal Top Hat

Drawing number TD-1012-452. This is a two part assembly machined from a solid sheet of Airex foam or possibly fabricated in four parts using thinner sections of the same foam. This is a very simple part to manufacture and could be manufactured in-house or by a local company.

3.4 Rear Thermal Split Ring

Drawing number TD-1012-455. A short ring of very simple construction and again could be manufactured in-house or by a local company.

3.5 OTE Rails

Drawing number TD-1012-414. These are used to guide the OTE onto the Support Cylinder during assembly so that the OTE will clear the services which run along the surface of the Support Cylinder. The rails will help in supporting the OTE in its correct radial position. These are a composite construction of two skins of carbon-fibre sandwiching a 5mm thickness Airex core. There are a number of PEEK inserts bonded into the foam which will require machining. There are a total of 8 rails per enclosure and it is expected that these will be manufactured outside.

3.6 Membranes

Drawing number TD-1012-444. Each membrane consists of two layers. One layer is used to act as a gas barrier, preventin the environmental gasses (N2 in the SCT; CO2 outside) from leaking through the Front Support and its In-fill Panels. It is simply a pair of Kapton sheets cut to an annular shape and supplied with holes for attaching to the Front Supports. The other layer is used for grounding and shielding purposes and comprises of two Kapton sheets mounted on 50μm of aluminium foil. The Kapton side faces the discs to reduce risk of aluminium contacting any of the module components in the case that the membrane rips.

Both layers are of a simple construction and could be manufactured in-house or by a local company.

3.7 LMT Cooling

As discussed in ATL-IS-ER-0058, it is proposed to use 150 m aluminium foil in strips of approximately 10 cm width to act as heat-spreaders for the Low-mass Tape (LMT) Cooling. These will be slid under the LMTs and Cooling Pipes. A thin sheet of plastic will be placed on the Support Cylinder’s surface before the LMTS and pipes are added to allow the foil to slide under the LMTs without damaging them (the plastic sheet will then be removed). The foil will be preformed on one side to fit around the pipe, and it will be wrapped around the second pipe and can be moulded to the shape of the pipe with a former (to be designed). Clips (to be designed) will then be added to compress the LMTs within the foil envelope.

The addition of the foil and clips cannot take place until all the LMTs have been added and thus all the Discs have been inserted into the Support Cylinder.
3.8 Foam

To summarise, different thicknesses of Airex foam are required (70% of which has already been obtained):

· OTE – 8 mm thick

· ITE – 5 mm thick

· RTE – 12 mm thick
3.9 Sundry Items needed for Assembly
Need to be identified before Assembly.
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