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 MACROBUTTON NoMacro Type Address Here
CERN
Module Handling Procedures
Version 4.3
For RIGHT detector half in Assembly Lab, CERN, building 168
Module Mounting Procedure 
Introduction
· The number of people inside the clean room during module assembly is 2.  If a third person HAS to come in, then all work on the assembly stops, and the two assemblists watch the third person until he has finished his job and leaves.  The only exception to this is if people are visiting specifically for the purpose of spectating the procedure.
· Clean room protocol: shoe covers, coats and hats at all times.

· Gloves whenever the covers are off the module base, or for module/kapton/extension piece handling

· Hats and mouth covers whenever handling a module

· No mobile phones in the clean room

· No flash photography

· During module  mounting, never hold more than one screw in the hand at one time.  Never place any item even temporarily on the base.  This is to avoid the risk of items falling into the hood.

· A special box is designated for the small amount of tooling needed for the assembly, and an area on the table is reserved for assembly only.

· If an assembly step requires 2 people it is labelled 2po (2 person operation) or if it must be one only, 1po.

· The actual insertion or removal of the module bridge must only be performed by a person of height > 175 cm.

· Before handling of the module personnel must ground themselves at a suitable point (e.g. the module base, or the ground of the conductive carpet or table covering)

· This procedure applies to the RIGHT detector half in the Assembly Lab (CERN, building 168), mounted with its downstream end toward “Saleve” and with the detector hood hanging down, i.e. the modules are inserted from the top towards the NIKHEF module support.  The dowel pins are on the “Bellegarde” side of the room and the cooling cookies are visible on the Saleve side of the module.  This implies that an “R glued module” (Liverpool convention), which is the same as a “Phi cooled” module (LHCb convention), will have the phi sensor on the Saleve side. 
· NEVER connect or disconnect any cable, mezzanine, etc. without first confirming that the power supply is off.

List of Steps/Checklist for Part 1, mechanical insertion
1. Checklist: Module Number

2. Checklist: Extended?

3. Checklist: Consult printout of Liverpool and Burn-in checklist.  Look at last entry of database
4. Checklist: ground strap available?

5. Checklist: short kapton cable numbers, for R-HT, R-LT, P-HT and R-LT.  Check the numbers written on the cables against the ones on the Liverpool/Burn-in checklist and enter them on the checklist.

6. Check all equipment is in place:


Free standing base, cleaned with alcohol and lint free cloth
2 dowel attachments + 2 safety screws

hex head screwdrivers numbers 5 and 2.5
wrench number 2 

torque screwdriver

Module Hat
Kapton insertion tool

Dentist mirror

Pliers

Torque screwdriver for module feet

7. For each kapton cable clamp, check the tongue moves freely forth and back, even when the clamping handle is pressed completely forward. If not, deform it slightly with pliers.

8. Open module box, flat on the table
9. Checklist: Loose items in box

10. Checklist: rough visual of top of module

11. Checklist: Confirm base number

12. Checklist: Confirm hybrid number
13. Checklist: Confirm module type, R or Phi

14. Checklist: all cooling cookie captive screws fully captured (i.e. loose, thread not engaged)
15. Close module box while the detector half is prepared.

16. Checklist: Note slot position module will be mounted 
17. Checklist: Which sensor will face Saleve side, and hence be read out on  the Divonne side, by TELL1 number 30, and data cables 2,7,6,8, temperature cable 9 and control cable CT.
18. Check detector half: HV and LV off on all modules, on Bellegarde AND Divonne sides?
19. Check detector half: cooling off and all module temperatures above 20 C ?
20. Remove top cover of module support  (in the future: Adjust top covers to protect already mounted modules, while leaving just enough space for access to the designated slot.)

21. Dismount side covers. 
22. Retract cooling cookie hanger fork towards Saleve, on both the Bellegarde and the Divonne side. (Never bend capillaries more than allowed by the hanger fork!)
23. If you are in the downstream part, move the adjacent cooling cookie to the Jura side, to allow the extended base room to pass.
24. Check that the module base at the chosen position is free of debris, and clean with lint free cloth and alcohol.
25. Checklist: REMOVE THERMOFLOW BLUE PLASTIC PROTECTION

26. Check screws of module bridge are completely screwed down
27. Check that the handle is screwed flush on the dowel attachments

28. Place module bridge flat, retracted from the module position and dowel attachments adjacent, making sure that the small dots are lined up correctly, with the double dots on the bridge and the dowel attachments on the dowel pin side, and the single dots on the bridge and the dowel attachments on the non-dowel pin side. Open box again. Hold box vertical, unscrew module, lift, and wipe the module base bottom with the lint free cloth and alcohol, transfer to free standing base, and screw down.
29. If an extended module, screw on the module base extension.

30. Push module bridge forward and slot dowel pins in, with the dowel pin handle fully unscrewed.  Then screw it in until the short dowel pin is flush, then rotate the bridge to vertical.
31. Dismount dowel handles while pushing in the dowels and replace with safety screws

32. Unscrew module, move to module base. 

33. Check captive screws on module base are free moving.  Lower module using the bridge screws, with second person guiding onto dowel pin.  Lower module completely, and make sure the bridge screws are a few mm free.  

34. Tighten module attachment screws.
35. Gently lower module bridge screws so they just touch the support.  This is to avoid the bridge falling down abruptly in the next steps.

36. Remove safety screws. 

37. Replace dowel attachment handles and remove dowel attachments
38. Remove bridge

39. Checklist: tighten module screws with torque screwdriver with value xxx

40. Check that module hat is free of debris and insert it over module

41. Check torque screwdriver is set to 25 Ncm.
42. Unscrew hanger fork screws by 1 turn and approach the cooling cookies to the module, using two people and moving simultaneously from Bellegarde and Divonne sides

43. Loosen hanger tool captive screws

44. engage 5 threads of cooling block with a few turns
45. Dismount completely hanger tool screw on Divonne side.  Person on this side holds hanger tool
46. Dismount completely hanger tool screw on Bellegarde side.  Lower hanger tool, disengage from holding screw, and remove from module base.

47. Tighten cooling cookie screws until torque screwdriver clicks

48. Select correct kapton cable for HT on Saleve side and LT on Jura side, slide them in and loosely (??) attach cable clamps
49. Connect top connectors with kapton insertion tool

50. Repeat for second set of kapton cables.
51. Attach short/long kaptons by hand.  Make sure the bend is going in the correct direction, if in the upstream part.
52. (…Grounding strap…)
53. Checklist: Vcc0, Vcc1, Vcc2, Vcc3 for Divonne and Bellegarde side.  Write down values measured
54. Checklist: Using the pen multimeter, measure the resistance in both directions between the silicon HV and HVret.  Check that for at least one direction it changes when the ambient light changes. Write down resistance measured

55. Check the thermal camera is correctly positioned for the chosen slot,  31 cm from module to marker, with marker lined up to the module position. 
List of Steps/Checklist for Part 2, mechanical removal

STILL IN DRAFT ! NOF READY !!

1. Checklist: Module number and slot.
2. Checklist: detector half: HV and LV off on all modules, on Bellegarde AND Divonne sides. 

3. Checklist:  detector half: cooling off and all module temperatures above 20 C ?
4. Prepare module base. Adjust top covers to protect already mounted modules, while leaving just enough space for access to the designated slot. 

5. Slowly insert module hat. 
6. Dismount side covers (collecting all screws in a box).
7. (… Grounding strap…)

8. If you plan to remove the short kapton cables: disconnect them from the long kaptons using hands and lever arm tools.
9. Remove short kapton connectors from hybrid using the tuning fork tool.
10. If you plan to remove the short kapton cables: disconnect kapton clamps from base and remove short kaptons from the top.
11. Mount hanger tool (leaving the two holding screws loose) and grab with it the central cookie screw.

12. Loosen 5 cookies screws with the torque tool. Do this in one-turn steps, looping over the 5 screws until the cookies come loose from the screws (eye check!). Be careful not to engage the screw thread into the module paddle.
13. (… here, special treatment for molten Thermflow connection…).
14. When all five screws are loose from the cookies, pull back (toward Saleve) the cookies and fix the hanger tool with the two screws.
15. Tighten the central cookie screw

16. Remove the module hat.

17. Prepare bridge dowel pins: mount each dowel pin to a dowel handle and keep aside (not mounted to the bridge).

18. Prepare the module bridge: check that the bridge screws are fully in.

19. Slowly insert bridge over the module until the bridge screws hit the frame.

20. Turn up the bridge screws until the bridge dowel holes face the module foot dowel holes.

21. Insert the single-dot dowel pin on the non dowel pin, Divonne, side and the double-dot dowel pin on the dowel pin, Bellegarde side.  Make sure the dots are on the same side as the dots on the bridge.
22. Remove dowel handles while gently pushing the dowel pins to the module foot.

23. Insert safety screw on both sides to fix dowel pin. 

24. Unscrew module base screws by inserting an M6 rounded hex head screwdriver through the hole in the module bridge sides. Note that the screws are captive.
25. Slowly screw in the bridge screws to lift up the bridge a few mm, while checking that the module base is following.

26. Slowly raise by hand the module bridge. The second person must check that the module path is free of obstacles and hooks (kapton clamps, cooling cookies, kapton cables/connectors, etc.).

27. Transfer bridge with module to free standing base and screw in the module base screws.

28. Replace dowel pin safety screws by dowel handles, but do not remove completely the dowel pin. Just fully screw in the dowel handles and leave them in position. 

29. Prepare storage box: make sure the inside covers and the base are completely clean. Put upright and open door. Look where the foot slot is and place the box such that you will be able to easily  place the box. Check the box is stable. One person will have to hold the box and its door while the module is transferred to the box.
30. Rotate down the bridge, then remove the dowel pins with handles.

31. Loosen module base screws and transfer module to the box. Tighten module base screws.
32. Gently close box and dispose box on a shelf together with its travel sheet folder (and short kaptons, grounding strap and extension base, if available, properly collected in their labelled plastic bags).

33. Reinstall side and top covers on detector half such that the system can be flushed with clean air.

34. Collect all tools and check for missing or intruder pieces. 
35. Leave the room in a clean state.
List of Steps/Checklist for Part 3, electrical checks

!!! DRAFT ONLY !!!

1. Before entering cleanroom, check that the canary is blowing and that the CO2 meter in the control room is on and displaying a reading.  Pick up the module folder, and a printout of the last measured IV curves of the module.

2. Make sure that the PVSS system is reading temperatures.  Checklist: Make a note of the temperatures on the hybrid.

3. Ensure that in PVSS the LV is explicitly set to OFF.

4. Checklist: Make a note of which side of the module corresponds to hybrid 3 in the control logic, or Divonne, and which corresponds to hybrid 2, or Bellegarde.  Make sure that in the master control the label is correctly toggled, and that R and Phi appear in the correct place.

5. Consult the module mounting checklist for any anomalies.

6. Check in the elog when the last check of the LV interlock system was made.  If it was more than one week ago, then repeat the test, leaving the LV power supplies ON.

7. Checklist: Temperature board does not have any dummy inserted.

8. Enter the clean room

9. Checklist: Identify the valve you will open to cool this position.  The numbering convention is displayed on the wall.  It counts all positions, starting from the pile up.

10. In the cleanroom, check that the CO2 meter is on and displaying a reading

11. Make sure that the blow system is evacuated.

12. Checklist: Current consumption on the LV power supplies.

13. DRY AIR PROCEDURE ONLY: Check that the module base is closed on both sides, and that all screws are tight.  The system should flush for 20 mins at a high rate (250l/hour) before starting cooling operation.  Check by hand that you feel the air flowing at the exit point, when on high flow.  Thereafter it is acceptable to reduce the flow rate.  

14. Ensure that there is no hole where light can enter – check all sides, and the top surface including the camera assembly.

15. DRY AIR PROCEDURE ONLY! DO NOT RUN THE HV IN VACUUM WITHOUT COOLING! OFF. Make an IV curve of both sides of the module at room temperature.  Make sure that you are trained by an expert module handler in the use of the keithley, before starting.  Print out the last measured IV curve, from the Liverpool database, or if appropriate the CERN elog.  Your first measurement should be at 0V.  Then increase in steps of 0.5V, waiting for the current to stabilise after each step.  If all is compatible up to 10V, then the voltage can be increased in larger steps of 10V thereafter.  Go to 250V, or to 100 uA, whichever is the first.   
16. Checklist: Weight of the CO2 bottle(s) 

17. Checklist: exhaust heater of blow system running

18. Exit clean room, and (dry air procedure only) update elog with the IV curves.  Put the data in the area /scratch/lhcbvelo/assemblyData/Mxx.  This has an alias from the cmt directory of assemblyData.  Anything you put here is copied by a cron job to /castor/cern.ch/lhcb/testbeam/lhcbvelo/2006/assembly/Mxx.  Use the macro ivplot.C to make the pictures.  Checklist: Agreement with previous curves?
19. Make sure that the HAPTAS lab view program is running and that all the temperatures are updating.  Identify the number and the colour of the position of interest, and zoom in on it.  Turn the screen to face into the clean room.
20. Put the DAQ in a state where you are ready to take data (i.e. log into TELL1s,  check with the monitor that the data look OK, prepare data taking run testpulses).
21. Enter the clean room.

22. If you  had increased the air flow, make sure that it is turned back down again.

23. Start the cooling according to the normal procedure.  
24. Checklist: Check that the exhaust pressure is set to approx 16.3 bar
25. Make a screen dump of the first 15 minutes of cooling operation and post in the elog (?)

26. VACUUM OPERATION ONLY: Now, do the IV scan.  ***To be confirmed, what is the maximum voltage you are allowed to go with production modules and 10-3 mbar***

27. Exit clean room..

28. Checklist: Make a note of the module temperatures, in the stable cooled, LV off, state.  NB this very important step is the one which verifies that you are cooling the correct position.
29. Checklist: Make a note of the module currents, in the stable state.
30. Make sure the run is not in the state RunRunning
31. Power the LV, and the Beetles, using the master control, with the testpulses enabled.  Do a global Get Ready,  a global LV On and turn the LV on each hybrid
32. Wait for the temperatures to be stable

33. Checklist: when the temperatures are stable, note the four temperatures corresponding to the 4 NTCs on the front end circuits

34. Start run

35. Check with the TELL1 monitoring that you see Beetle headers and testpulses.

36. Take a run called something like modxx_snapshot_tp.bin

37. Stop run

38. Turn testpulses off
39. Take a full snapshot called something like modxx_snapshot_ntp.bin and copy it to the data area corresponding to the module.  Add _specialconditions to the name if you want.  Using the ./takedata script this is done for you automatically.
40. Type the verified lists of Liverpool bad strips into the macro badChannelD.C.  Run Vetra on the data file and check that the bad strip list corresponds to within a few strips.  This macro will also reveal dead links or significant changes in gain.  Make sure the plots show you something you understand….

41. DRY AIR OPERATION ONLY: Take a series of thermal camera pictures (or one picture….)

42. Turn off the LV on the global button on the master control
43. Lower the HV

44. Go into the clean room

45. Check that LV PS currents are both 0.03

46. If all is well, stop the cooling according to the normal procedure.

47. Note the final weight of the bottle.
48. VACUUM PROCEDURE ONLY: vent…. Procedure….

Useful reference documents

blahblah
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