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The handling of the VELO modules on reception at CERN is a critical component of the preparation of the VELO for both testbeam and commissioning in the experiment. Utmost care must be taken to check that no damage has been occurred in transport and that the modules are fully functional before installation. Tests at CERN will include visual inspection and full operation in a vacuum including a thermal cycle(s) to trap obvious and more subtle flaws in modules. 
This note is not meant as a detail handling or quality assurance document but as the starting point to define the LHCb VELO procedures for checking. We present the steps and issues are they will arise chronologically on despatch from Liverpool and reception at CERN. 
.

1. It is proposed that the modules are placed into transport boxes (to be designed and manufactured by Syracuse University). The boxes will possess the following properties
a. Transparent and robust

b. Sealable and flushable so that they can be filled with N2 or dry air

c. Gas tight to equivalent of 3000m altitude to permit transport by aircraft

d. Failsafe opening and closing mechanism that cannot interfere with the module

e. Can be numbered on the outside

f. ESD compliant – i.e. plastic to be sprayed with antistatic
g. Dampers be fitted that allow for shock absorption on the hybrid but do not distort it 

2. The boxes will be “bonded” by H.M. Customs in the clean rooms at Liverpool so there will be no need to open the boxes at the port of departure.

3. The exterior of the boxes will be labelled 

4. The boxes will be packed into additional shock resistant packing e.g. a foam filled briefcase
5. The boxes will be transferred – no more than four at a time – by University van to Liverpool Airport.
6. We propose to carry the modules – as hand luggage – to CERN via Easyjet. The precise method of storage in the cabin must be determined. At least two members of staff will accompany the modules. This takes account of the Easyjet restrictions  but may be relaxed to one staff member only.
7. On landing at CERN the boxes will be hand carried through customs to the Swiss side (?) and brought directly into CERN. [If this is permitted]

8. The  transport boxes will be taken to the clean room and flushed with dry air (filtered) or N2 (filtered). The transparent storage/transport boxes will be placed into the storage cabinet(s) that will be big enough to hold 90 storage boxes. The unpacking procedure will take place with two qualified VELOers.

9. The label on the box will be sufficient to provide ID used by the online database. Note a copy of the database (already backed up in Liverpool) will be also transferred to CERN daily.

10. A visual inspection of each module will take place to look for evidence of damage to the Si sensor and the module as a whole. The bonds must be visually inspected [4 hour process to check all bonds on the BE only at Liverpool compared to 30 minutes to bond B/E. If  this is to be done properly at CERN it will take the same time; a proper visual inspection of FE and BE will take longer up to about 8 hours/module.This must be discussed.]
a. The unpacking and visual inspection must at all times take place with two qualified VELOers.

b. Gloves, face masks, hair protection and overalls must be worn at all times

c. The clean room area must locally exceed CLASS 10,000. Continuous monitoring is required.

d. A humidity monitor must be present

e. The inspection microscope must be suitable for the job, having a long focal length, good lighting, and be jigged so that there is no possibility of the module coming into any contact with the objective or any other part of the microscope.

f. How the module is held (indeed it could remain partially in the transport box) is yet to be defined.

11. The module will be reinserted into the storage  box (or the storage  box closed if the box remains in it) and reflushed with dry air or N2. Any gas used must be filtered and be guaranteed to have no oil or other contaminants in it.
12. The box will then be put back into the storage cabinet and the database updated with visual inspection data.

13. The cables matched [and “probably” shipped with the module] will be visually inspected. This step requires only one VELOer.

The next steps are for the vacuum cycling and readout at CERN. It is assumed the vessel has been cleaned and tested and qualified for operation.
14. The module will be extracted from storage by two qualified VELOers and unpacked. This follows for all following steps unless stated.

15. The module will be placed into position on the vacuum flange by hand. The vacuum flange mount must be designed appropriately to allow easy access.

16. The module must go into nominal position [ a jig is probably required to check this] with a tolerance of approx 20-50microns [to be determined].

17. If the module is within placement tolerance the cooling must be attached

a. Attaching the cooling must not place an instantaneous net force of more than about 100g on the module at the cooling interface DURING the attachment process. A clamp must be designed to perform this stage.

b. When attached but not operational the cooling must not exert a net force of more than 50g in any one of the three perpendicular axes on the module. 

c. When cooled there must by less than an additional 50g of force in any direction on the module.

18. The cables will be attached. This is a very complex procedure and ONLY specifically trained and qualified personnel will be permitted to perform this procedure.

a. The cables will be attached using a clamp tool (to be designed by Liverpool University) that will ensure the net force on the module does not exceed 100g instantaneously.

b. All four cables will be attached and the clamped to the base using  another specialized sliding clamp.

19. The module will have the cooling and the power turned in a precisely defined sequence and time window[to be determined]

20. A thermograph in air will be taken of both sides. Sufficient space and access must to provided to make this a simple and risk free procedure.

21. The humidity must be monitored and the temperature of the cooling set so that the module stays at least 5C above the dew point when the thermograph is taken in air. 

22. Cutoff and monitoring must be in place during the whole cooling procedure to ensure the module does not exceed operational thermal range.

23. The vacuum vessel will then be closed. It must be ensured that NO damage can occur to the vessel or cables during closing. This will be part of the design of the vacuum vessel.

24. The vessel may then be flushed with dry air (or N2). If N2 is used adequate safety procedures must be in place in the area to guarantee safety of the staff against asphyxiation at all times. This must be discussed.
25. All safety checks must be performed to the standards of CERN and the UK institutes [may] require written verification.
26. The HV must be interlocked with the gas pressure and we should not be able to override this. 

27. Initially the HV ramp up/down rate will be set to 10V/minute [??]. This should not be changed without the specific agreement of one of a [to be] agreed number of qualified people. The operational voltage to be set for the detector will be defined in the database and must not be exceeded. – discussion point about having a fixed operational voltage must be had. 
28. If at any point during the tests/cycle the current on either sensors exceeds  100uA the test must  be terminated

29. At the end of the test the vessel must be returned to atmospheric by flushing (slowly) with N2 or dry air. 

30. Before opening the vessel it must guaranteed that the module is 5C above the dew point.

31. The connectors must be unclamped from the hybrid [a tool is being designed]

32. The cables must be unclamped from the base using the sliding clamp.

33. The cooling pipe must be removed from the hybrid using the same force limits as on insertion.

34. The module must be extracted and inserted into the storage box.

35. All traces of “thermaflow®” must be removed mechanically. No residue must be left and no flakes (etc) should be allowed to migrate to the hybrid.

36. The box must be closed, flushed with N2  or dry air and stored.

The next set of steps refer to insertion on the final base. This is much more complex and more details and thinking are required. We simply note some additional problems here

37. Mounting onto the final base may only be performed by trained personnel.

38. Modules once mounted must be protected by a sheath or cover. The cover must not interfere with the insertion of new modules.

39. Whilst in storage it is preferred for the modules on the base to be in a dry air environment.

40. Mounting the modules will be checked with mechanical dummies and the base transported to the metrology lab with the mechanicals.

41. Transporation steps of the assembled or partially assembled system must be minimised. Metrology is either performed after the full velo half has been assembled or the assembly and metrology are performed together.

In the database there should be a place where people can write the symptom and perhaps upload a root  files with the relevant histograms. That way when the module goes back to Liverpool to be looked at by the module doctor there is a record of what went wrong. The doctor would also upload all the different tests he or she has performed that way we can track the development of the failures.
However Liverpool note that it is unlikely that modules (with the bases attached) can be “repaired” easily. In the first instance “spare modules” will be used to replace ones that have been damaged. A module “repair” facility will probably only be available some time in Q2 2006.
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