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1.  Introduction

This initial design study is aimed at starting up the discussion and planning required to enable a Regional Centre assembly facility as defined in the CMS ECAL TDR ( CERN/LHC 97-33 CMS TDR 4 15 Dec 1997 ) to be set up at the Rutherford Appleton Laboratory. Note the Regional Centre Planning will form part of the CMS ECAL EDR on the Super Crystal scheduled for April next year and this requirement sets the initial constraint on the timescale available for planning and setting up the Regional Centre at RAL.

The design and overall construction of the CMS ECAL are described in the aforementioned ECAL TDR. As planned at present the ECAL detector will be produced in two major parts comprising a cylindrical Barrel ( EB ) section and two closing End Cap ( EE ) sections. This report is concerned only with the issues involved in establishing a Regional Centre at RAL to support the construction of the End Cap sections of the ECAL detector.

The EE is a crystal based detector using approximately 8000 individual crystals in each End Cap section. The crystals are PbWO4 which results in very heavy and less than robust detector sub assembly units. These units will require careful handling and storage during the manufacture, assembly and integration phases of the work programme

The design of the EE incorporates a locked in pointing geometry of SC sub assembly units and this together with the high residual radiation levels anticipated in parts of the detector makes any degree of fault maintenance extremely difficult. It is therefore essential to plan for a high level of reliability in the sub units in order to achieve good performance from the EE detector over the anticipated 10 year operational lifetime of the CMS experiment. For the Regional Centre activity this high reliability will be best achieved by the implementation of rigorous QA and testing regimes applied at every stage of the construction programme.

Full details of the component delivery schedules and detector integration timescales are at present still under discussion and have some degree of uncertainty in the planning. The main aim of this report are therefore targeted on making an assessment of and developing the work programme and facilities required for the initial setting up of an EE Regional Centre at RAL. The proposals made in this report should be regarded as a baseline setting the scene for future discussions. This design study will also include planning for the commissioning work required to reach a Stage One production level. Planning options for the latter stages of the programme will be reviewed briefly but implementation of any planning beyond the Stage One production level will be the subject of a review process to evaluate the effectiveness of the Stage One planning and to balance out the constraints set by component delivery schedules and detector integration timescales ( which should be more defined by this stage of the programme ).

2.  Role of the ECAL Regional Centre at RAL

As described in the TDR the CMS ECAL collaboration envisages manufacture and construction in two stages.

First stage – all piece parts required will be identified using PBS techniques and manufacture of these parts will be organised and supervised by various members of the CMS ECAL collaboration.

Second stage – all of the piece parts required for sub unit assembly will be delivered to the nominated Regional Centre ( with QA restraints ). The function of the Regional Centre will be to assemble the ECAL sub assembly units from an input  supply of piece parts called up by the PBS. No manufacture of piece parts will be undertaken within the Regional Centre units.

It is proposed to site the EE Regional Centre at RAL and its role is clearly defined as the assembly of Super Crystal ( SC ) sub units from an input of piece parts supplied by members of the ECAL collaboration. All activities at the Regional Centre will be controlled and monitored using the Cristal data base system developed by CERN for this purpose.

3.  Breakdown of the EE Regional Centre Activities.

As indicated previously the role of the EE Regional Centre will be to assemble SC sub units. Details of the SC sub unit are shown in the GA drawing No A-0-TB-0054-178-00-A and the piece parts required are listed in the ECAL PBS documentation. 

A breakdown of the various activities to be carried out in the EE Regional Centre is shown in Fig No1 . Each of the activities shown will require separate controlled and secure areas set up to meet the specific needs of each activity. Since the EE Regional Centre will be operational for many years it is imperative that the planning and implementation of the designated areas be carried out in an efficient and professional manner in order to avoid unnecessary delay and cost overrun. This is also an important requirement if the EE Regional Centre is to meet the planned output schedule and achieve the high production yield and reliability levels expected from the SC sub units.

The titles of the activity areas shown in the Flow Diagram of Fig No1. indicate the separate activities which will be required within the EE Regional Centre. Note all areas in the Regional Centre must comply with the H&S aspects raised in the handling of PbWO4 material.

3.1  Receipt and Kitting Area.

Here all inward goods comprising the piece parts called up in the EE PBS will be accepted and stored prior to use in the assembly process. All parts will be checked on receipt for transport damage and recorded in the Cristal data base. Storage facilities in this area must be able to cope with the different manufacturing scenarios envisaged for the range of piece parts to be supplied. Some parts will be manufactured and delivered in large quantities in order to gain cost advantage whereas parts such as the crystals and alveolar support structures will be supplied in smaller batch quantities at regular intervals set by the cost of production tooling.

Withdrawal of parts from the Receipt Area will be on a Kit Part basis designed to meet the SC sub unit assembly work schedule. All parts withdrawn will be entered in the Cristal data base for monitoring purposes. Details of the procedures for kitting will be established by staff from both the Receipt and Assembly areas as a formal hand over procedure.    

It is proposed that special arrangements be made for the crystal units which need high security and clean handling. Initial receipt of the crystals will be similar to other piece parts but they will then be transferred quickly to the Assembly Area  for storage and processing.

The Receipt Area does not require a high clean level but it must have high security to ensure that there is no loss or damage to the piece parts paid for and supplied by the ECAL collaboration. Estimates of the area required for this activity are approximately 50 sq metres for Stage One Planning.

3.2  Assembly Area.

The Assembly Area will contain all the necessary tooling and facilities required in the assembly of SC sub units from Kit Parts. Two main activities are involved in the building of the SC sub units :

A.    The gluing of the VPT‘s to the crystals.

B.    The assembly of the VPT/crystal units into the 5*5 SC support structure.

In order to achieve a high production yield in carrying out these functions it is necessary that the Assembly area be :

a.  Secure – Access restricted to team members only.

b.  Clean to an acceptable level ( 100,000 ).

c.  Temperature controlled ( ~ 22 +/- 2 C ).

d.  Humidity controlled to a level acceptable for gluing processes

e.  Safety arrangements suitable for overnight electrical testing.

The size of the area required for Assembly will depend on the production levels expected and the production tooling investment made. Estimates of the area required for Stage One production planning is approximately 100 sq metres.

3.3  Test Area.

The assembled SC sub units will require extensive testing prior to transporting them to CERN. This test programme will incorporate performance tests against specification and some longer term soak test. The testing can be carried out under normal laboratory conditions but with security arrangements to match the high investment made in the SC sub units at this stage of manufacture. It will also be necessary to make arrangements for the safe operation of overnight electrical testing.

The space required for the Test activity will also depend very much on the production schedules planned . Estimates of the area required for Stage One testing is 25 sq metres.

3.4  Package and Transport Area.

After test the successful SC sub units will be transferred to the Package and Transport Area for processing. At this stage the SC sub units have gained a high add on value and great care will be needed in developing safe packaging and handling techniques. At present it is envisaged that the completed SC sub unit will be lifted by crane from the local transport trolley into a specially prepared transit crate. The transit crates will be batched onto handling pallets and the pallets stored in a transport container prior to transfer to the transporter hired to take the SC sub units to CERN. 

Transfer to CERN will probably take place at the batch level of one quadrant ( 80 SC’s ) and the area requirements for the package and Transport Area will be dominated by the need to store this quantity of SC sub units. Estimates of the area required are that a minimum area of 40 sq metres should be allocated for this activity. To facilitate ease of transfer to the long distance transporter it would be advantages to locate this area with good access to a large outside door.

3.5  Reclaim Area.

It is unavoidable that some SC sub units will fail and be rejected during the build and test programmes. In order to achieve the high production yield  required from the Regional Centre activity it is very important that all failures be investigated promptly and the information fed back to the assembly team. Failed units will also allow some reclaimation especially of the high value components such as crystals and VPT’s which can be recycled after clean up and testing. This investigation and reclaim activity can be carried out in normal laboratory conditions with security to allow overnight electrical testing. Estimates of the requirements for this work are that an area of approximately 25 sq metres be reserved initially for this activity.

4.  Summary of Procedures required in the Assembly of the SC sub units.

As described briefly previously in section 3.2 the overall assembly programme for the SC sub units falls conveniently into two main activities. The first activity involves gluing the VPT’s to the crystals and the second activity is concerned with placing the VPT/crystal units into the carbon fibre alveolar and metal support structure. A full listing of all the sequential stages involved in the assembly of  SC sub units is shown in Table No1. The two main activities are clearly identified and the need for overnight cure is highlighted since this requirement determines the minimum overall timescale for unit production. From this summary it is possible to call up full details of the important procedures which will be specified in the QA instructions and to list out the tooling required to carry out the tasks specified. The problems posed by the handling of the very heavy SC sub units during assembly have been considered in some detail and it is proposed to develop a special handling trolley capable of rotating the SC sub unit as required. The SC sub unit will be supported on this handling trolley throughout the SC assembly process and transferred to a simpler unit for Test purposes.

Estimates of tooling and staff requirements have been made to meet the various production schedules currently under discussion within the collaboration and these are discussed in detail in subsequent sections of this report. Final decisions on such matters can only be concluded when the delivery schedules for important components required in the assembly of the SC sub units have been definitely confirmed. Since it is anticipated that confirmation of these schedules will take some time it is planned at present to proceed in an ordered manner from prototype work ( already in hand ) through Pre Production to a Start Up ( One SC/week ) phase. This will be followed by a Stage One ( Two SC/week ) programme of production which is seen as a calibration phase for tooling and staff requirements for unit production in an optimised system. The phasing of the various stages will be under continuous review during the next two years and any planning past Stage One will be the subject of a review after the production rates of at least the first 80 SC sub units has been established.

 5.  Prototype and Pre Production Stages.

Prior to production type assembly it is planned to gain experience and to develop the tooling and assembly techniques by carrying out a programme of prototype work. This work is already in hand with several test beam prototypes already constructed and a full physics model scheduled for beam tests next year. 

Since the design of the SC sub units involves the use of  standard parts which must be purchased in large quantities to gain the necessary cost advantages it is proposed to carry out a pre production exercise based on four SC sub units. The components for these four units will be procured using the drawings and specification documents prepared for tender action against the total requirement. This exercise should allow all documents and drawings to be validated before committing to a large scale procurement programme. During the pre production exercise it will also be possible to evaluate and if necessary further develop any tooling requirements for the SC sub unit production activity. 

6.  Start Up Planning.

The Start Up planning schedule for the Regional Centre is aimed at producing one SC sub unit per working week. This stage is viewed as a major step in the learning curve involved in establishing optimised techniques for the assembly of SC sub units. The work schedules shown in Tables No2 and No3 are designed to balance out the task requirements against the need for overnight cure defined by the gluing processes involved in assembly. The timescales for the daily tasks in these schedules set the challenge for the design team in refining the tooling and facilities to meet the production requirements.  

Table No2 shows the Start Up planning for the work involved in gluing up the VPT’s and crystal units required for one SC sub unit per week. Note that overhead task details such as cleaning gluing jigs etc are not shown in this table. The time schedule is dominated by the need to soak test the glued assembly which is considered to be an essential procedure since the following stage involves batching 25 units and one sub standard unit will result in the rejection of the batch/assembly.

Start Up planning for the assembly of one 5*5 SC sub unit per week using the VPT/crystal units described above is shown in Table No3. Here the time schedule is dominated by the need to allow overnight cure of the various gluing processes involved in the assembly procedure. The first day of the cycle is allocated to housework ( HW ) tasks and handover of VPT/crystal units between the two assembly units.

During the Start Up phase of production it will also be necessary to staff the other activity areas in the Regional Centre. 

First estimates of overall staff requirements during this phase of production are ;

VPT/ Crystal units

1
( additional effort for electrical testing )

5*5 SC Assembly

2
( additional effort for electrical testing )

Receipt & Kitting

½
( mainly administrative duties )

Test Support


1/4
( not technical )

Reclaim/Support

1/4
( not technical )

Total



4
( additional effort for electrical testing ).

The period of time dedicated to Start Up production will be the subject of review since it is essentially a learning process. Initial estimates of timescale for this phase indicate a minimum period of four months to reach the desired schedule with the required reliability.

7.  Stage One Planning.

After the Start Up phase has been established and reviewed it is proposed to move to a Stage One planning schedule. Details of this planning are shown in Tables No4 and No5. 

To enable best use of staff and facilities the increase in production of the VPT/crystal gluing unit will be gained by making a small increase in tooling investment and by setting up two batch phases in the production schedule. The increase in production of 5*5 SC sub units however can only be achieved by doubling the investment in tooling and facilities. It is anticipated that as a result of the experience gained during the Start Up phase that the same assembly staff levels could cope with the increased production level given the increased tooling and facilities made available. The increase in SC sub unit assembly in Stage One will essentially be a doubling up and parallel operation of the Start Up phase planning..

The Stage One programme shown is designed to produce two 5*5 SC sub units per week. This matches very well ( assumming a start date in Autumn 2000 ) the projected delivery of crystals ( see Fig No2 ) up to the first End Cap detector section. Note that lead times in parts delivery are essential to the smooth running of the Regional Centre. As stated previously the Start Up phase of production is considered to be very much dedicated to learning and it is foreseen that upgrading to the Stage One production schedule could be achieved without an increase in skilled assembly staff. It would however be necessary to increase the specialsed test and support staff levels and to make the increased investment in tooling and facilities. 

8.  Further Planning for the Regional Centre.

All planning past Stage One will be dependant on the production levels achieved in practice from the EE Regional Centre and on the Crystal delivery schedule achieved in the latter years of the crystal production line schedule. An analysis of the situation based on the delivery rates for crystals provided by FR ( Fig No2 )  indicates that it would be possible to expand the EE Regional Centre activities to meet the increase in crystal production in latter years if additional facilities and tooling resources were made available. One possible scenario would be to double the production rate of Stage One after completion of the first End Cap detector section ( Fig No3 ) This planning results in a completion date for the production of SC sub units of mid 2005. An  alternative planning for this stage is shown in Fig No4  . Here a third production line is started up after the completion of the first Dee section of the detector. This planning gives almost the same completion date for completion of SC sub unit production and would certainly involve less capital investment than the previous planning. Both scenarios are possible within the proposed crystal delivery schedule but a more detailed analysis of this phase of the work programme will however only become worthwhile when full details of component delivery and detector construction dates can be finally confirmed with a high degree of reliability. 

9.  Conlusions.

Since this is intended as a document to stimulate discussion on the EE Regional Centre planning it would be inappropriate to anticipate the views of the EE collaboration. First impressions are however that at the level of the Stage One Planning we could set up a suitable facility at RAL for an EE Regional Centre. The time schedules evaluated in this draft report indicate that if the EE Regional Centre is to be set up at RAL it becomes important to ensure that the setting up date should not be delayed much past April 2000. 

