Trip and Full Batch potting Notes -  Draft				Mark Wiseman

Trip Notes
Thursday   5/22/14
· Much work was done that morning to get ready for potting on Friday.     This included configuring the potting system and other items.      Several changes to the hose system were being made.   
· We met that morning to go over the potting procedure.    Several changes were made to the schematic and many changes to the procedure.
· Around 13:00 we started leak checking the mold.   There were at least 1 or 2 whistle sized leaks.    We tried coating the outside of the mold with quick setting RTV.    The leaks got smaller but could not be eliminated.    We decided to rebuild the mold.   
· Six of us stayed till 19:10 disassembling, cleaning and rebuilding the mold.	 
Friday F/23/14 
· At some point it was decided that the smaller hoses that had put on the supply line to T2 could not be made leak tight and were switched out to larger hoses that were used on the rest of the system.   This was insulated with foam insulation, but left bare at the exit line from the mixing vessel, middle point to allow clamping if needed and at the fill point of T2.   This also allowed the epoxy to be seen in the hoses. 
· Comments from Sasha, Mark and Dave on the traveler were provided in the morning and incorporated.
· Final preparations continued through the morning.     A second layer of quick setting RTV was added to the mold, just in case.
· Discussed the new mold parts, review, and near term schedule with George, Sasha and Luciano in the morning.     It is pretty much concluded that we cannot get the new mold parts before mid to late July.    Unless this is acceptable to the project we will probably have to pot CCM002 prior to potting and sectioning T2.  
· Made plans to delay my return till Sunday morning. 





Full Batch potting Notes  (pictures at the end)
Friday 5/23/14
· The mold was declared leak tight around 13:30 and moved to the potting system for final hook up and system leak check.   
· We met at 14:00 for one final go through of the procedure.   Final edits were completed by 16:00, distributed and the traveler activated for use in the FNAL system.    https://vector-offsite.fnal.gov/GenerateTravelerReadOnly.asp
· The mold ramp up to 50C was begun around 15:00 and the final leak check of the system completed.    We attempted a first Rate Of Rise test on the mold by closing valves V14 and V19 and using clamps at V6 and V12 to isolate the vacuum pumps around 16:30.    We decided that we had not fully isolated the system from the pumps and repeated the ROR at 17:00.   This time we used the pneumatic valves on the pump cart to isolate the system, V6 and V12.   The ROR’s were done for 10 minutes.   After 3 minutes the measured values were 26 to 30 mtorr/minute at both gauges.
· Parts A and B of the epoxy were placed in the oven to be preheated to 50C overnight.  
Saturday  5/24/14
· Technicians arrived around 6:00 to prepare and start mixing the epoxy.     They discovered that they were short 2 kg of part A and 1.7 kg of part b and had to replace this with RT epoxy.    This is nearly 10% of the total so the epoxy may have been slightly cooler that planned at the start of filling.   The mixing started at 7:00 in the large mixing tank.    Total epoxy weight was 38.3 kg.  They began outgassing the epoxy around 7:45 and completed around 8:45.    During this time we did two ROR on the epoxy tank.    For the ROR we turned off the mixing motor and isolated the system from the vacuum pump.    Both ROR lasted 5 minutes.   After 2 minutes the first ROR was 19 to 23 mtorr/minute and the second was 47 to 51 mtorr/minute.    The mixing tanks have a shaft seal that are known to leak.   FNAL personnel suspected the leaks in the shaft would be variable.     I think the larger ROR in the second measurement was confirms their suspicion’s and not that the values were actually worse.
· Need to measure the epoxy before putting it in the oven the night before for preheating.
· Since the tanks leak and may do so at different leak rates I am not sure the ROR on the mixing tanks adds any value .
· The vacuum pumps seem to have been isolated from the system at some point during the night or morning.    When we discovered this the system was still less than 500 mtorr so it had probably not been isolated for long.   I don’t think we found a cause for this.   We reestablished the vacuum pumping and waited at least ½ hour before conducting a ROR.   By then the pressures were 55 and 73 mtorr at the two gages.   We repeated the same isolation procedure from the previous evening and found the ROR to be 17 to 21 mtorr/minute, 2/3 of the values from the night before.
· The epoxy tank was moved to the potting system and hooked up around 9:00.   The final weight of epoxy and tank was 95.6 kg before we started filling.   The fill line was vented per procedure.    We continued the mixing of epoxy for ~30 minutes before turning this off.   The tank continued to be heated to 50C through the rest of the day.
· We started filling T2 (the heating tank).    It was not easy to see the liquid level gauge inside the tank so we marked 3 lines on the viewport at ~1/2 inch intervals.   We then used these to control the amount of fill at each step during the mold filling.   At the start of filling the glass on the viewport fogged up so we used a heat gun so that we could see the initial fill.   After we had liquid in the tank the fogging was no longer a problem.   We set the temperature to 50C and allowed the first fill to heat for 15 to 20 minutes.   
· If we want to transfer more than ~1 inch of epoxy at a time a way to see more of the liquid column in the tank would be an improvement.    One way would be to put a larger viewport on but we should decide on the full desired fill rate with margin before making the modifications.
· We started filling the mold around 9:30.   We used a clamp below T2 to control the fill and watched the viewport.    The clamps were a little tricky to use and the first fill was larger than planned, at least twice as much.   The rest of the fills were controlled much better.  Using the clamp also meant there was about 6 to 8 inches of hose filled with epoxy that was not well heated/ outgassed during this procedure. 
·   A simple improvement to this procedure would be to add a ball valve directly below the tank and use it for control.
· We refilled T2 and allowed it to outgass once again for 15 to 20 minutes to account for the larger than planned first release into the mold.   We then repeated this procedure ~every 10 minutes as we filled the mold.  I recorded the pressures before the mold fill and tank weight after T2 refill on each step.   Unfortunately I missed the readings before the first fill of T2 and first fill of the mold.    The pressure on T2 remained between ~250 and 450 mtorr throughout the day.    The mold pressure was controlled between 500 and 1300 mtorr through the day with a hose clamp.    The mold pressure was always higher than the T2 pressure prior to filling.  
· We filled the mold 5 times before stopping (counting the first fill as two fills).   This turned out to be more than ½ of the mold and probably closer to ¾ or more full.   I estimate this to be around 2 kg of epoxy,   or ~2 Liters (density = 1.03g/cc).          The fill would initially go into the sight glass line and then drain back into the mold.   We marked the sight glass line at ~1/2 and full mold to levels just to monitor.   Since the height level change in the mold was small the sight glass line was of limited value for the 70 cm mold and possibly a liability.    Part of the reason for going beyond the ½ fill point was the extra reservoir of liquid in the sight line.     The epoxy did racetrack up the sides of the mold.   Excess RTV used to seal the mold the 2nd time had nearly blocked some of the channels in the mold but the epoxy was able to get around this.   The epoxy first went up the sides of the mold and then wicked into the center of the mold.   This resulted in a V shape in the epoxy as the mold filled.   This pattern persisted throughout the fill.   By this time the epoxy had reached the top of the mold and we stopped filling the mold.   This was around 10:20.
· Wicking continued from this point until the time re restarted the fill around 15:00.   The V pattern persisted during the wicking and the top ide of the mold never closed.    Around 11:45 we raise one side of the mold 2” to put some roll in the set up to aid the bubble flow out of the mold.  The original set up only had pitch from top to bottom.    Bubbles on the sides of the mold were evident throughout the wicking.   I don’t remember seeing any inside the coil area.    At some point we noticed that the epoxy was wicking through the holes in the G10 from the bottom of the mold into the top pancake.   We verified this by comparing the pattern in the mold to the pattern on one of the G10 pieces already prepared for the next winding.     I also think this means that the bottom pancake filled faster than the top pancake.    The bottom was certainly warmer, so the epoxy should have had a lower viscosity than on the top near the Lexan.   We did not see any obvious sign that the ¾ inch 3 mil strips of glass cloth was making a difference, though I am not sure what sign that would be.   Maybe if one of the strips was over a hole in the G10 we would have seen some lateral wicking but even this is not guaranteed.
· We began the set up to start transferring the epoxy to the overflow tank around 10:20.     It was at this point that we realized to do this we would end up with a 3 to 4 foot high “U” of trapped epoxy that we could not easily transfer before restarting the transfer to the mold.   George, Sasha, Jan and I went to the conference room to discuss.    One option was to abort the transfer part and just wait for a period to begin refilling the mold.   The other option was to modify the system to eliminate the “U”.    We finally realized that we could make 2 cuts to the tubes and rework the system so that we had a nearly pure gravity feed to the overlfow tank and we decided to do that.    We did this by cutting at the tube at V17 and the high spot in the overflow supply tube and hooking the two lines together.   The T between V18 and V19 and at the other cut would remain clamped off for the rest of the day.      We double clamped each section of the hose prior to cutting and cut one at a time while monitoring the vacuum at each gage.   The vacuum held after each cut.   We then hooked up hose at V17 to the overflow fill line and unclamped the hoses while monitoring the pressure.   We had one minor pressure excursion to ~10 torr that we were quickly able to seal.     We started transferring to the excess tank at 11:32 and continued until 14:52.     We increase the transfer cycle to every 5 minutes for a while to make up for the ~hour we had lost modifying the system.     The transfer to the excess tank did allow us to get the routine down and also allowed the training of the 2nd shift crew prior to restarting the fill of the mold.    We ended up transferring 10 kg of epoxy to the excess tank.
· We should revisit the transfer rate for filling for the actual mold.    At the rates used for this experiment it would take in excess of 12 hours to fill the full coil mold.  
· On some of the fill cycles it was noted that more bubbles could be seen in Tank 2.    I watched the tank for about 10 minutes to see if the bubbling diminished over time and videoed the first ~5 minutes.    The bubbling seemed about constant to me for the last 5 minutes.    The pressure at Tank 2 seemed to stay between 250 and 450 mtorr for the whole day so I suspect that there was probably very little difference from one cycle to the next.   I also watched the epoxy on the staircase during one fill and videoed that as well.   The epoxy flowed off the sides of the staircase at some times.   I could not see any obvious bubbling on the staircase.
· Around ~15:00 we switched back to filling the mold, ~5 ½ hours after the start of filling.   We did ½ batches until we had epoxy in the vent line and then switched to full batches again.    During this time the last area of the mold that had not filled with epoxy quickly filled.    At times the epoxy seemed to flow into the coil and at other times it seemed to be much slower.   Not sure why the difference.    It took maybe 2 half batches before epoxy was seen in the mold vent tube and by the time we had ~ 3 ft of epoxy in the tubes the coil appeared to be almost completely filled.   Once the sight tube was full we clamped it off to prevent more epoxy flow into that tube.   
· We started to do the pressure cycles around 16:00.   We clamped the fill line and pressurized from the vent line.   We saw very little change in the liquid level for the first 3 pressure cycles.    We then had one cycle where the liquid level actually went up.    It appeared that the sight glass tube had “burped” so we added a second clamp there and did some more cycles.  For a couple of cycles we seemed to be pushing the liquid into the fill line so we added a second clamp on that line as well.   We then did a few more cycles but the vent line would not stay full at a full atmosphere.   I think we had to vent the back side of the fill line before we could finally maintain liquid in the vent line at atmosphere.   We may have done as many as 9 to 12 cycles before stopping.    
· Around 17:00 we started breaking down the system.    Tank 2 was removed to be cleaned that day before leaving.   The final weight of the epoxy mixing tank was 79.55 kg, so we had used 16.05 kg, some of which was still in the tubes and T2 at the end of potting.          
· At 15:32 we started to raise the temperature to 65 C and added insulation to the top of the mold.   We also marked the fill lines for the epoxy level.    The temperature was rising at about 1 degree every 4 minutes so I estimated that we would reach 65 C by around 19:00.     That would mean the ramp to 80 C should happen around 11:00 the next day and the ramp to 135 C around 19:00 to 20:00 Sunday night.    George planned on coming in to do the temperature ramps.    As I left for the day I noticed that the epoxy levels had dropped ~2 cm in each hose from the lines we had put on the hoses earlier.       
Addendum
Email from S. Makarov to M. Wiseman  5/27.
Hi Mark,

Yes, you are right: we had the level of epoxy stabilized by 5:15 pm on Saturday, and started the temperature ramp to 65 C at 5:15 pm. The first mark of epoxy level was made at 5:45 pm. At 6:30 I made the second mark (1.5" below the first mark), and then left. The third mark I made next day at ~12:30 pm, and it was 3.5" below the previous mark. The coil was ramping to 80 C since 11:30 am the same day, so it shall be close to 80 C at the time I made this mark. What surprised me, today I found the level of epoxy dropped by 2.5" more! That means even after 17 hours at 65 C epoxy kept wicking! This means that with the 50 C mold temperature we really have plenty time for wicking! Increasing the temperature to 80 C encouraged epoxy to wick more.

The level drop can be doubled because we had two hoses on inlet end connected in parallel. The level on outlet end ended up somewhere inside copper "T".

Some extrapolation can be done, but need to think a little bit what factor to be used at this.

Sasha


Pictures in Chronological order
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5/23 PM.    The full batch schematic for the start of the test.
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5/23  13:00   The insulation box, overflow tank and lower part of the tubing.
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5/23   13:00   The upper part of the full batch experiment.   One of the vacuum pumps can be seen at the lower left and the outgassing/heating tank T2 is at the upper right.
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5/23  15:15    The mold positioned in the insulating box and hooked up to the tubes.   The sight glass tube is clamped to the side of the box at left. The fill line is at the lower left and the vent line to the upper right.
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5/24  9:59    The mold 30 minutes after 2 fill cycles.   The epoxy is flowing up the sides of the mold and then horizontally through the coil.  
[image: J:\wiseman\JWORK\APHYSICS\Hall B\12 GeV torus\FERMI Coil Assembly\Trips\14_5_22t24\IMG_2455.JPG]
5/24  11:03.  The fill of the top layer continues via wicking.   Evidence of the epoxy traveling from the bottom through the holes in the inter pancake G10 layer can be seen. 
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5/24 11:56    After adding 2” of roll to the mold.   More evidence of epoxy wicking through the G10 holes can be seen at the top. 
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5/24   14:57    The mold just before the start of the final fill of epoxy.    Most of the glass in mold appears to have wetted except for a small section at the very top.
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5/24  15:24    Still a small part of the mold to finish wicking.
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5/24  15:33   The mold appears full and the tubes are filling with epoxy.   We began the pressure cycles around 15:45.
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5/24  17:14   Finished and cleaning up the system.   The fill and sight glass tubes have been cut and are attached to the 2X4 in front.   The vent line is at the back of the box.   The two clamps added to the V17 line  during the system modification can be seen on the vent line.    
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5/24/14   17:51.     The insulated mold box at the end of the run.   Note that the epoxy level had already dropped ~2 cm from the initial black line above the C clamp on the post.  There are two vent lines in the low point of the mold and one at the top.
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5/25 19:55.    One of the epoxy lines the next day before ramping from 80C to 135C.   Total drop by the morning of 5/27 was ~7 inches.  
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