Summary of the meeting to discuss the needles motion control issue in the Pelletron
November 6, 2009

Kermit Carlson, Lionel Prost, Greg Saewert, Sasha Shemyakin

Problem

On 21-Sep-09, needles started to move independently on the set point. Judging by the relationship between the grid voltage and the needles current, the readback was always accurate. After 13-Oct-09, the position became stable, until 31-Oct-09 when the needles moved into the parked position (fully retracted) and stopped reacting to any commands. The tank was opened, and in air the system was found functioning properly. The needles were moved to 17 mm position (instead of 14 mm before the failure), and the needles motor was disabled by removing the fuse. Also, OpAmps in the board regulating the needles position were re-settled, and an additional diagnostics was installed that should help to better locate the origin of the failure.
Present Status


After the startup, the Pelletron works satisfactorily in the mode with a fix needles position. Some parameters of the HV regulation system before and after the shutdown are shown in Fig.1.
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Fig.1. Grid voltage, needles current (TPSPRB) and position (TPSPRD) before and after the shutdown. 


There are three reasons/cases for which it is necessary to move the needles:
1. The needles are parked before accessing the tank to avoid injuring people and damaging the needles. During this shutdown, the needles were protected by a cardboard cup. 

2. Normally, in the time of full – column conditioning the needles are retracted. On 2-Nov-09, the column was conditioned with the fixed needles position (17 mm) to 4.9 MV (limited by vacuum activity). The grid voltage was at its maximal negative value of -25V to decrease the needles current. The needles current grew exponentially with the terminal potential (Fig.2). An exponential fit to the data predicts that at the maximum potential we used in operation (for conditioning), 5.2 MV, the needles current would be 18 µA. Together with the resistive dividers current of 117 µA and a typical Lost Current of ~10 µA, it requires the chain to provide 145 µA, which is still within the safety system limits. Hence, conditioning to 5.2 MV with the needles out to 17 mm (or less) is possible.
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Figure 2. Measured dependence of the needles current on the terminal voltage (blue squares, 2-Nov-09) and exponential fit (red curve). Grid voltage was -25 V, readback of needles position was 17 mm.

3. With time, needles evaporate, and need to be moved out further. Needles evaporation was very strong when tungsten needles were used in 2007, for which the evaporation rate was very high (Fig.3). During a 7-month operation period without a Pelletron tank access in 2009 and with standard stainless steel needles, the total evaporation effect was equivalent to ~ 2mm (Fig.4). Even without any adjustment, the system would have still stayed in the range of good regulation all the time. 
Because the present position of the needles is at the outmost boundary of optimum regulation, one should expect good operation for a year without the necessity to move the needles. 


A problem may arise if these needles are damage during a future access or begin to evaporate unexpectedly fast. Because the optimum position depends on their sharpness as well, being able to move the needles is highly desirable. 

[image: image3.emf]
Figure 3. Parameters in the time of operation with tungsten needles. The feedback system was adjusting the grid voltage R:GRIDV to keep a constant needles current R:TPSPRB. To compensate the needles evaporation, the needles were moved out (R:TPSPRD) several times.

Estimated relationship between the grid voltage and needles position is 2.3 V/mm. 
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Figure 4. Parameters in the time of operation with stainless steel needles for 7 months without a tank access. The needles position R:TPSPRD was adjusted noticeably only once, by ~1 mm.

Possible scenarios

1. Leave needles as is. Manufacture a protection cup to be installed first thing after opening the tank. Measure the present absolute position with respect to the terminal and, in case of excessive evaporation, move the needles out manually during an access. 
Pro: No need to care about electronics anymore.
Contra: Possible problems if the needles need to be replaced for some reason (because different needles have different sharpness, thus different positions for optimum regulation may be needed). Some inconvenience during conditioning.
2. Order a full set of replacement parts.
Pro: A good chance to recover operation capabilities completely.
Contra: Chance for unknown problems with the new equipment. Cost: k$15 for a complete replacement. Does not address the availability of spare parts with known quality. 20 weeks delivery.
3. Order a partial set of replacement parts.
On Nov 5, 2009, all four circuit boards for the Corona Probe Controller chassis were ordered from NEC. These can be installed into the Pelletron relatively quickly during a short access to replace all active electronic components. These boards are expected to arrive within 10 weeks.
Pro: A good chance to recover operation capabilities completely.
Contra: Chance for unknown problems with the new electronics. Does not address the possibility that the problem is with interconnecting wiring and connectors internal to the Corona Probe Controller chassis.

4. Replace the NEC electronics with available features from Greg Saewert’s electronics box already in place and in use (for other devices).
Pro: May be done comparatively quickly.
Contra: New connections in a ‘dangerous’ place (from an HV and reliability point of view). In – house electronics: need to build spare(s) (as opposed to buying from an outside vendor). Needs manufacturing and new programming.
5. Some combination of the above.
Current Plan

1. Keep running as is until we have spare parts on hands and a clearer idea on how to proceed. Manufacture a protection cup. Keep looking at the diagnostics recently implemented.
2. Ordered circuit boards that could have failed according to the analysis of the needles behavior (and electrical schematic). Total $2350, 10 weeks delivery time.

3. When the boards arrive, install them during the next opportunistic access of the Pelletron tank and re-activate the motor.
4. Look at the possibility to use Greg Saewert’s electronics in parallel with NEC’s, preferably with a minimum of new elements (i.e. cables, connections…).
