Julian Spring

Undergraduate Research Semester Report

The first thing I worked on this semester was designing steel bars to clamp the lid of our box down.  I used Autodesk Inventor to design ½ inch bars with a cutout in the middle to make room for the connectors on the lid.  After getting the bars from the machine shop we discovered that the plates on the bottom of the box were only tack welded on and were not strong enough to hold under the amount of pressure we submitted them to.  This required us to make a second set of bars to go underneath the box and give our bolts something solid to pull against.  We could not make any proper gas tests without a pressure gauge, though we attempted to estimate whether the box leaked using a few crude methods, including balloons.  Our first pressure gauge was a differential pressure guage from Setra with a 2.5 kPa range. This caused more problems than it solved, as it showed a significant pressure drop in any system we tested, including our Swagelok valve which is ostensibly gas tight.  In order to reduce the gas leakage we removed the ¼ inch Viton o-ring and replaced it with 5/16 inch Viton. The joint of the o-ring did not quite line up perfectly, and since this may have been a source of the leak, we cut out the joint, cleaned off the excess Stycast, and installed a length of Viton which fit significantly more flush than the previous joint.  We event attempted to apply more pressure to the o-ring by making a third set of bars, which produced no noticeable effects. We replaced our Setra digital pressure gauge with three Amherst analogue gauges later in the semester.  We tested all three of the gauges independently to confirm that they gave equivalent results about the leakage rate of our gas system.  Eventually Szabolcs decided to test whether our SHV bulkheads were gas tight using soap and water.  We pressurized the box to 30 kPa and put a layer of soap water over the feedthroughs and to our surprise and relief, bubbles formed quickly out of the bulkheads. We tested every point on the box where gas might leak from and found that only the SHV bulkheads and one BNC connection leaked.  We debated whether to try to seal the feedthroughs or buy new gas-tight bulkheads and in the end decided to try to seal the old bulkheads, since new ones are very expensive.  We looked up the conductive properties of Stycast and found that it is an extremely good insulator, so we used it as a sealant.  We carefully placed two beads of Stycast on each connector, one at each point where gas might leak through.  We tested the leakage rate after this and found it to have been reduced by a factor of 100 or more, what could certainly be called a significant improvement.  We decided this was sufficient to move on and attempt to assemble the detector.
While we puzzled over the leaking box, I worked on our high-voltage circuit board.  The board went through many iterations throughout the semester.  First we used the original board and setup in the old GEM detectror box.  I soldered HV wires to our SHV bulkheads which were mounted in the old plastic box.  Later in the semester we found a box which was the appropriate size for the circuit board. I marked locations for the voltage feedthroughs and Travis had the machine shop drill appropriate sized holes.  I then moved the board to the box, made necessary repairs, and soldered the new connections in place.  It was later decided that we needed to change the board to have three resistor chains as a redundancy precaution, so I once again removed the board.  I used the previous GEM paper for the circuit diagram and resistance values to calculate whether the DC-DC converters could handle the increased current and power that tripling the resistors would entail.  After I confirmed that it would I reduced the chains to the appropriate equivalent values since it was no longer necessary to divide the voltage in the same ratios as the single chain.  I selected the appropriate resistors and soldered the new layout to the board.  I then replaced the board in the box and re-soldered the connections.  After testing the board I noticed very anomalous voltage drop behavior, which I am currently investigating further. 
I also did other miscellaneous tasks for the detector.  With the help of Travis I soldered the connector system for the GEMs to the SHV bulkheads, soldered the connectors to copper wires and the wires to the GEMs themselves.  We soldered wires to the induction plate and connected them to a BNC jack which connects to the one in the lid.  We used thin Viton to make a track for our Fe-55 source inside the box and designed and built shielding for this x-ray source.  Szabolcs and I used G10 to make spacers for the GEMs so that they have the appropriate 3mm separation. Currently the GEMs are installed in the lid and the whole box has been cleaned and made ready for testing.  Once I discover the source of our voltage problems we should be able to get the detector operational.  
