Procedure outline for replacement of shaft seal and o-rings on QTOF II rough pump:
This outline describes the procedure used to replace the shaft seal and two o-rings responsible for preventing oil leakage around the shaft entry port on the QTOF II’s E2M28 Edwards rotary vane pump.  According to an Edwards technician, this set of seals is one of two common sources of significant oil box leakage, the second being the cork oil box gasket.
It’s good to have the “Rotary Pump Maintenance Kit Instruction Manual” for diagram reference while working on the pump.  This is a stapled pamphlet that should be with other QTOF reference materials.
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Parts:
The parts required for this repair were taken from a “clean & overhaul kit” purchased in 2005.  They are also available individually from Edwards.  Listed below are the part descriptions and part ID numbers from the maintenance kit manual, followed by the Edwards part number for ordering replacements.
· Outer shaft Simrit seal 25.0x35.0x5.8 (fluoroelastomer) - #92 – H02109094
· ‘O’ ring 44.5x3.0 (x2) - #98 – H02120078

The cork gasket was not replaced but the part number was obtained for future use:

· Oil box gasket - #66 – A27159635

Procedure:
1. Confirm that N2 is supplied to the venting regulator at ~15PSI through the “nitrogen in” port on the back panel.

2. Shut down instrument and pump system.

a. Shut down external PC and instrument electronics (breaker switch on the back panel).

b. Shut down the rotary pump and turbo pumps by flipping the “rotary pump” breaker on the back panel.
3. Confirm that the N2 regulator opens and vents the system properly.  The regulator should drop to nearly 0PSI as the valve opens shortly after shutting down the pumps.

4. Allow 10 min. for the vacuum system to fill with N2.

5. Remove the side panels from the QTOF for access to the rough pump.  The top panels may need to be removed first.

6. Remove the quick release (QR) seal at the pump exhaust port, and remove the exhaust tubing.

7. Remove the QR seal at the rough pump inlet.  There should be a positive pressure inside the system at this point, so breaking the seal should result in a release of nitrogen.  The nitrogen will continue flowing as long as it is being supplied through the venting regulator.
8. Shut off the nitrogen at its source (tank) and cap the vacuum manifold mouth that was previously sealed to the rough pump inlet.  This will minimize diffusion of air and moisture into the system where it could damage the detector without wasting a large volume of nitrogen unnecessarily.

9. Unplug the pump from its power source; this is a black cable that runs behind the embedded PC and plugs into the metal housing in the center of the instrument.

10. Unbolt the pump from its isolator pads by unscrewing the 13mm hex head bolts (4) in each corner.

11. Remove the pump from the instrument and move it to a clean work space.  (The pump weighs 44kg- best to get help!) Covering the space with plasticized paper is recommended since oil will unavoidably get everywhere.

12. Drain the oil box by propping up the motor end of the pump 1-2” and unscrewing the oil drain plug (below the sight glass) with a flathead screwdriver.  Once most of the oil has been drained, recap the drain and level the pump.

13. Remove the oil filter return fitting located behind the ballast vent (steel rectangular piece with a small tube protrusion on top) by unscrewing the bolt on the side.

14. Unbolt the motor from the pump body by removing the 4 hex bolts securing it.  Pull the motor away from the pump and it should slowly separate at the rubber coupling element on the drive shaft.  Set the motor aside.
15. While you have the shaft disassembled, check the coupling element for integrity.  It should be flexible and undamaged, and it should not stick to the metal couples that it sits against.

16. Remove the metal couple from the shaft:

a. Back out the set screw located on the side of the couple.

b. Pull the couple away from the shaft slowly but forcefully.  It will take quite a bit of effort to move it initially.  If it’s really stuck, tap the shaft itself with a wooden dowel + hammer to loosen up the grip, then try again.

17. Unbolt the outer seal retainer (metal disc) that sits around the shaft by removing the three hex screws that hold it in place.  It should be loose and easy to extract.

18. The simrit seal sits on the inside of this retainer and is a brownish ring with a spring insert on the backside.  The easiest way to remove it is to push down on it from the front side of the retainer with a flathead screwdriver.  Note that this typically damages the seal and therefore makes it unusable, so make sure you have a replacement on hand before removing an old one.
19. Insert the new simrit seal from the backside of the retainer by pushing it in securely.  Confirm that the spring is seated properly inside the seal.

20. The next metal disc along the shaft holds the two o-rings in place, one on each side of the disc.  The first o-ring can be accessed without removing the plate but to access the second it must be extracted.  We found both o-rings to be equally worn when replacing them on 4.11.07, so it’s recommended that they are replaced together every time.

21. The o-ring disc has 5 screw holes along its surface; 3 are through-holes used to secure the outer retainer ring which has been removed, and 2 are extraction holes used to push the o-ring disc away from the vacuum body.  Insert into these two holes two of the hex screws that were removed with the outer retainer, and screw them in to push the disc out.  Extract the disc completely from the shaft for access to the inner o-ring.  Remove the screws from the extraction holes.
22. Remove the o-rings by prying them out of their grooves with a thin tool such as a screwdriver or a knife blade.  Take care not to gouge the surface of the grooves, because this will compromise the seal permanently.  Install the new o-rings.

23. Replace the o-ring disc by sliding it back onto the shaft and into position, taking care to align the three through-holes and the oil ports around the shaft.
24. Replace the outer retainer with simrit seal by carefully working it back onto the shaft.  The fit is necessarily tight, so it may help to use a screwdriver to coax the seal into proper position around the shaft; pushing it in carelessly may pop the spring out of the seal, cause the seal to sit improperly, or in a worst case the edge of the shaft could tear the seal and ruin it.

25. Once the retainer is on, align the three bolt holes and reinstall the hex bolts to secure it.  These bolts should be as tight as they can be made by hand.

26. Replace the metal couple onto the shaft.  When properly positioned the shaft should protrude approx. 1 mm from the couple.  Reinstall the set screw and make it as tight as possible by hand.

27. Sit the rubber coupling element in the metal couple and reattach the motor, taking care to align the complementary couple with the element so they mate properly.  Bolt the motor back into the vacuum body, making the bolts as tight as possible by hand.

28. Refill the oil box with clean oil; it can be filled to the maximum line at the top of the sight glass, since when the pump is started it will draw a significant amount of the oil farther into the pump.

29. Reinstall the pump in the instrument; bolt it back into the isolator pads.  Reconnect it to the power supply.  Uncap the vacuum manifold and reconnect it with a QR to the pump inlet.  Reconnect the exhaust tube to the pump outlet with a QR.
30. Flip the “rotary pump” breaker on the rear panel to start up the pumps, and listen to the rough pump to make sure it sounds okay.  It’s ok for it to sound abnormally “rough” at first as it gets going, but it should quiet down after a few minutes.  Also listen for the turbo pumps to start up properly.

31. Reopen the nitrogen supply to the instrument; the regulator valve should be closed again, displaying 15PSI.

32. Turn on the “electronics” after about 30 minutes, open MassLynx and go to the tune page.  Check the vacuum gauges to confirm that pressures are approaching acceptable levels.
