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System description:

The electrodes are held in place inside the vacuum chamber with Inconel “hanger” frames. To provide electrical isolation, a 1-inch long Macor standoff is used to attach the electrodes to the hanger. Ceramic screws are used to secure the Macor standoff to the electrode on one end, and to the hanger on the other end. The ceramic screws are assembled using a flat SS washer, a spring washer, and a ceramic washer. The spring washer serves to maintain compression and to prevent stress on ceramic components during the vacuum bakeout. 

Each electrode has two Macor standoffs in each end. The whole electrode set needs then 8 Macor standoffs, and 16 ceramic screws with their set of washers. 

The hangers are attached to the vacuum chamber using silver-plated and vented ## bolts, and a SS spacer to prevent deforming the hanger when the bolts are tighten. 
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Assembly objective: 
Assemble the electrode set outside the vacuum chamber to ensure best possible parallelism, followed by inserting the electrode assembly into the vacuum chamber and adjusting its position to ensure best possible centering at both upstream and downstream ends. 
The electrode+hanger assembly is put together outside the vacuum chamber. The hangers determine the electrode gap and parallelism, there is no adjustment, but by pre-assembling the electrode set outside the vacuum chamber, one can tighten the screws securing the Macor standoffs to the electrodes mounting tabs as best as possible. There is no way to ensure both hangers are firmly attached to the Macor standoffs since one of the hangers must be removed for inserting the assembly into the vacuum chamber. 

Procedure:
1. Take one of the 8-32x0.375” socket cap ceramic screws and insert a flat SS #8 (0.169x0.204x0.032”) washer, then a four-point contact spring washer and finally a ceramic washer to make a ceramic screw sub-assembly. Repeat this step 15 more times for a total of 16 sub-assemblies. 
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Fig 1. Ceramic screw, flat SS washer, SS spring washer, ceramic washer, Macor standoff
[image: ][image: ]  need here pic of ceramic washers
Fig 2. Components ordering info
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Fig 3. Ceramic screw sub-assembly. A total of 16 of these sub-assemblies are needed to secure the electrodes to the hangers.
2.  Place one of the electrodes on the cloth-covered blocks, with the flat part resting on the block. The cloth will prevent scratches, but still avoid dragging the electrode once is resting on the block.
3. Take one of the Macor standoffs and insert the long end into the electrode mounting tab opening. The standoff must be facing away from the electrode. Then use one of the ceramic screw subassemblies to secure it. Finger tight only. Repeat this step until all 4 Macor standoffs have been mounted to the electrode. Repeat for the other electrode.
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Fig 4. LEFT: Detail showing the position of the Macor standoffs on the electrode secured with the ceramic screw subassemblies. RIGHT: The two electrodes resting on the cloth-covered blocks with all their Macor standoffs attached.

4. Flip one of the electrodes on its back, resting each mounting tab on a cloth-covered block, then carefully place each of the Teflon 15 mm thick spacers on top of the electrode flat. Teflon does not seem to scratch the electrode. 
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Fig 5. Teflon spacers are 15 mm thick.

5. Take the other electrode, flip it and carefully place it resting on the Teflon spacers. Beware that Teflon is slippery, always keep one hand on the top electrode to keep it in place.
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Fig. 6. Side view of the electrodes vertically resting on the cloth-covered blocks, with the Teflon spacers in between.

6. Choose one end and attach the electrode hanger frame, first on the bottom electrode. Ensure thee Macor standoff inserts properly into the hanger holes. It feels ‘snapping’ when is in. Use the ceramic screw subassemblies to secure the hanger to the Macor spacers. For now, just finger tight the screws. Manipulate the top electrode so that its Macor standoffs go into the hanger holes, and secure with the ceramic screw subassemblies. Repeat on the opposite electrodes end.
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Fig. 7. LEFT: Detail showing the downstream electrode hanger frame attached to the electrodes Macor standoffs. The Teflon spacer can be seen between the electrodes. RIGHT: Isometric view of the full assembly showing both hangers attached to the electrodes. 

7. Using an Allen wrench, tighten all four ceramic screws on the hanger side. CAREFUL: do not overtighten. Observe the spring washer in the ceramic screw subassembly and continue to tight until it compresses to about ½ its original length. Repeat on the opposite side hanger. This step ensures the Macor standoffs are firmly attached to the hangers. The electrodes are still “floating” with respect to the hangers. See next step.
8. Now tighten all four ceramic screws in the electrodes side on one end. CAREFUL: do not overtighten. Observe the spring washer in the ceramic screw subassembly and continue to tight until it compresses to about ½ its original length. Repeat on the opposite side. With this step we strive to “lock” the electrodes to the hanger frames. The tolerance between the Macor standoffs and the hanger frames holes is very tight, as is the tolerance between the opposite end of the Macor standoffs and the holes in the electrodes mounting tabs. In principle, the hanger frames lock and define the relative position between the two electrodes, ensuring parallelism and uniform gap. But this is not the actual case because the hanger frames are somewhat flexible. This is why we use Teflon spacers, and the reasoning behind steps 7 and 8. 

The following steps describe how to insert the electrode assembly into the vacuum chamber. Unfortunately, one of the hanger frames must be removed, but the Macor standoffs should remain in their position described in step#8 and locked to the electrodes.

9. Ensure the Wien Vacuum chamber is mounted to its brackets in the vertical position. That is, the feedthroughs should face up and down. Notice that the electrodes have a “cup” on their back rib. This “cup” is not centered along the electrode, but rather is closer to one end. Ensure the vacuum chamber is oriented in such way that the feedthrough end will lineup with the electrodes cup once they are inside the chamber.
10. Remove the ceramic screws from the hanger closest to the vacuum chamber. This is the side that will be inserted. 
11. Set the Teflon flatbar next to the assembled electrode set, resting on the two cloth-covered blocks and lined it up with the electrode.
12. Pick up the electrode assembly with both hands clamping the two electrodes to ensure the Teflon spacers remain in place between the electrode flats. Set the assembly on the Teflon flatbar with the electrode mounting tabs resting on the flatbar. Notice that the hanger is lower than the mounting tabs and thus the electrode cannot sit on the flatbar resting on the hanger, because there is only one hanger until the electrode is fully inserted in the vacuum chamber. 
13. Get the electrode+flatbar close to the vacuum chamber as shown in Fig. 8. The assembly will need to be raised so that the flatbar can rest on the vacuum chamber. Start sliding the electrode assembly into the vacuum chamber guiding the flatbar to avoid contact between the vacuum chamber walls and the electrode. 
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Fig. 9. LEFT: Electrode assembly with one hanger removed and resting on the Teflon flatbar ready to be insterted into the vacuum chamber. CENTER: Electrode assembly resting on the flatbar being slided into the vacuum chamber. Notice how the flatbar rests on the vacuum chamber. RIGHT: Opposite end view from that shown in the CENTER picture.

14. Continue to slide the electrode assembly into the vacuum chamber until there is a gap of about ¼” between the hanger frame and the chamber wall (Fig. 10). Then Use one of the stainless-steel spacers to set the gap. Line up the spacer with the hole and insert the silver-plated socket head screw. Repeat for the other end in the same hanger. Note: The holes in the hanger are not lined up yet to the threaded holes in the vacuum chamber. See next step.
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Fig. 10. LEFT: The gap between the hanger and the vacuum chamber wall with the spacer being tucked in between. CENTER. The spacer lined up with the hanger hole. Insert the screw to keep the spacer in place, but hanger still not lined up to vacuum chamber. RIGHT: Side view showing the spacers between the vacuum chamber and the hangers with the screws in.

15. Lift the hanger with one hand to make the holes line up with the chamber’s threaded holes and screw in both screws but leave them loose. Notice that now the Teflon flatbar can slide under the hanger, but the hanger still is slightly low compared to the threaded holes in the chamber.
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Fig. 11. LEFT. Hanger resting on Teflon flatbar. RIGHT. Electrode assembly being lifted from the hanger to line up the hanger holes with the vacuum chamber threaded holes. The silver-plated screws are inserted but loose.
 
16. Slide the Teflon flatbar out under this hanger to make room on the opposite end of the vacuum chamber for the hanger. Watch while sliding the flatbar to ensure the electrode does not come off it on the opposite side. 
17. Attach the hanger to the electrode on the opposite side. Ensure the Macor standoffs snap into the hanger bottom holes, and secure it with the ceramic screws subassembly. Repeat for the top hanger holes, the electrode might have to be manipulated to ensure the Macor standoffs snap into the hanger top holes.
18. Lift the hanger from this end and slide the Teflon flatbar back so that both hangers are resting on it. 
19. Insert the stainless steel spacers and the screws to secure the hanger to the vacuum chamber, leaving the screws loose. 
20. The electrode assembly is still slightly low compared to the vacuum chamber centerline, but it is now a “rigid” assembly kept in place by the tight tolerance between the hangers, the electrode mounting tabs and the Macor standoffs. 
21. To center the electrode assembly, insert two ceramic washers (Part number goes here) between the Teflon flatbar and the hangers, on both ends.
22. Tighten firmly the silver-plated socket head screws on both hangers to secure them to the vacuum chamber. 
23. Look down into the vacuum chamber to observe for gaps between the electrodes and the Teflon spacers. There should be no gaps or at least the gap should be as small as possible. There is no adjustment to correct for any gaps other than taking everything apart and repeating the procedure. Using the Teflon spacers and “locking” the electrodes to the hangers is the best option up to now for ensuring uniform gap and parallelism. REMOVE THE TEFLON SPACERS. This step concludes the electrode assembly.
24. The feedthroughs subassembly consists of a CeramTec 40kV DC 2-3/4” CF flange feedthrough, a polished stainless-steel spring guide, and a non-magnetic spring. Figure 12 shows the assembled feedthroughs. 
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Fig. 12. Feedthrough subassemblies. NOTE: the polished spring guide cylinder is attached to the feedthrough, but not spring itself.

25. With the electrode assembly firmly secured inside the vacuum chamber, rotate the vacuum chamber 90 degrees until the feedthrough 2-3/4” CF flanges are horizontal. It is easier to install the feedthroughs this way.
26. Insert a silver-plated Cu gasket to the feedthrough flange, and carefully guide assembly through the feedthrough flange in the vacuum chamber, being careful to keep the spring lined up with the electrode cup. When the spring is inside the cup, push the flange and lineup the gasket. Keep it in place (the spring will push back) while bolts with Bevell washer and nuts are inserted and finger tighten. 
[image: ]
Fig. 13. View of one of the feedthrough assemblies fully installed in the vacuum chamber. Notice the spring between the spring guide and the electrode cup.

27. Repeat step 25 for the opposite end feedthrough. 
28. Vacuum tight all bolts on both feedthrough flanges.
29. Rotate the vacuum chamber back 90 degrees to its original vertical position with the feedthroughs facing up and down. Secure the vacuum chamber to its brackets tightening the screws.
30. Install the magnet ensuring it is mounted in the same orientation as that used for magnetic field mapping.
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Fig. 14. V-Wien w/o the nickel plates and with the magnet installed. The feedthroughs are lined up facing up and down. LEFT: Downstream side. RIGHT. Upstream side. 

31. Install the nickel plates on each end of the vacuum chamber and secure using the silver-plated and vented socket head screws. 

[image: ]
Fig. 15. V-Wien with nickel plates and magnet ready for Survey.


For survey and alignment purposes, the Wien filter consists of 4 sub-assemblies:

1. Steel electromagnet
2. Nickel endplates
3. Electrodes
4. Vacuum chamber end flanges

For the VERTICAL Wien filter:

The magnetic field X-axis is defined by the steel electromagnet YZ plane. 
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The Wien Z-axis is defined by 15 mm diameter holes in nickel end plates, they are nominally at the X,Y=(0,0) of vacuum chamber flanges,
[image: ]



The electric field Y-axis is defined by electrodes XZ plane.
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The electrode flat faces should be parallel to one another (not skew), and normal to the XZ plane.

Establish coordinates of at least three points in each corner indicated by the yellow dots in Figure 2 in the coordinate system relative to the electrode centerline. This will tell us:
i. The electrode parallelism along the Z-axis
ii. The electrode parallelism along the X-axis at two positions: upstream and downstream.

[image: ]
Electrode assembly with the vacuum chamber removed and in the Wien z-axis with positive z towards the electrical feedthrough. The yellow dots suggest the positions for surveying, where the electrode transitions to flat. The top electrode may be used to define the top plane, similarly the bottom electrode may be used to define the bottom plane.

The S&A results are summarized in the table and figure below and in https://wiki.jlab.org/ciswiki/index.php/AIPINJ_-_S%26A_Transmittals
Under: V-Wien optimized assembly procedure using teflon spacers to set electrode gap Media:V-Wein S&A Ni plates + magnet 01-08-2021.xlsx
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Coordinate system from S&A report gap Media:V-Wein S&A Ni plates + magnet 01-08-2021.xlsx
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VALUES IN MM AND DEGREES
X (mm) Y (mm) Z (mm) [Top ElectrocX (mm) ¥ (mm)  Z (mm) Bottom Electrod X (mm) Y (mm)  Z (mm)
DS_FLANGE 0.23 016 190.11] p1Us 19.29 744 78,07 p1US 1B72 76 7692
DS_PLATE_APERTURE 0.16 0.00 190.23] p2Us 8.40 741 -7861) p2US 760 763 -77.43
Us_FLANGE 012 019 -190.24] p3Us 012 741 7795 p3US 055 761 -77.63
US_PLATE_APERTURE 0.08 [ -190.23] b4 Us 8.51 739 -77.91) paUs 590 761 7652
US_TOP_ELECTRODE 0.04 7.54 -165.02] b5 US -15.05 738 -78.80) p5 US 127 760 -77.94
DS_TOP_ELECTRODE 0.10 7.02 164.45| AVG. 7.41 AVG. 7.62
Us_BOTTOM_ELECTRODE -0.16 7.58 -164.87)
DS_BOTTOM_ELECTRODE 0.06 .71 164.65) p6 DS 1037 715 7978 p6 DS 1864 766 7173
p7 DS -1.52 716 77.76) p70S 41109 766 77.93
RXFROMY (PITCH)  RYFROMZ (Yaw)  RZFROMX (Roll) b8 DS 3.42 716 77.27) 8 DS 269 767 718
Top Electrode 180.0899 0.0246 270.0731] p9 DS 1026 717 778 p9 DS 49  7.68  76.89
Bottom Electrode 180.0237 0.0372 269.9159) 1005 1811 718 76.9 p10DS 1331 771 7842
DS_FLANGE 90.0196 359.9527 N/A AVG. 7.16 AVG. -7.68
DS_PLATE_APERTURE 89.9934 359.9015 N/A
Us_FLANGE 89.9512 350.9769 N/A
US_PLATE_APERTURE 89.9581 359.9986 N/A Min. Us Dist. 14.98
MIN A6 MAX Max. US 15.07
DISTANCE BETWEEN ELECTRODES 14.79 14.94 15.05|
*** These distances are based on best-ft plane Avg. US Dist 15.02
RXFROMY (PITCH)  RYFROMZ (Yaw)  RZFROMX (Roll)
Top - Bottom Electrode (delta) deg 0.0662 0.0126 01572
14.81
Electrodegap US  Electrode gap DS Gap Us / Gap DS 14.89
15.07 14.81 1018
15.04 14.82 1015 14.84
15.02 14.83 1013
15.00 1485 1010
14.98 14.89 1.006
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EQUIPMENT - HANDLE ACCORDINGLY

SZE  #8(169x304x052) B
TYPE  WSHR.FL, 188, VNT Bz
N W08 EH
PONO  WEBORDER3955 mm
CUSTPN E g3
acNo 220028 Qty: 2 WSS

g3
UC COMPONENTS INC  408-782-1929 g5
MADE IN USA ge
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