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Subject: pORC Documentation for Microboone Drift HV Rack
Team: L. Bagby, B. Littlejohn, S. Lockwitz, H. Jostlein


Introduction:


The Microboone Collaboration has assembled a Drift High Voltage rack that is currently located at LArTF. The electronics in the rack are associated with the MicroBooNE HV group. The rack infrastructure consists of a custom designed Rack Protection System, an AC Distribution Switch Box, and a Slow Controls Chassis. This document describes the current contents of the rack for the purposes of a partial Operational Readiness Clearance review. Some of the rack components are commercially available.  Some rack components are custom pieces of equipment that have passed an EDR review.  These latter pieces of equipment will be described in detail at the end of this document.  We request approval for unattended operation of the existing components in the Drift High Voltage rack.
Equipment:


The HV rack contains two main groups of components: the AC Distribution/Rack Protection System, and the components producing a clean high voltage signal for the MicroBooNE TPC. The contents of the rack are listed below and shown in Figure 1. Descriptions of custom components are given after providing a layout and rack inventory.  
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Drift HV Rack Contents
Rack Protection System and AC Distribution Equipment
EED Custom Designs

Rack Protection System, Rev B.

Slow Controls Chassis

Special AC Switch Box
Commercial Equipment


System Sensor Smoke Detector



Model #: SW-B

HV Equipment
Commercial Equipment

Glassman High Voltage Power Supply


Model #: LX150N12

High Voltage Filter pot
Figure 1: Microboone Drift HV Rack
AC Distribution and Rack Protection System

The AC Distribution and Rack Protection system are shown in Figure 2. A 208V/330A service is provided by a 10AWG, 5 conductor cable terminated with a Hubble HBL 2811 twist and lock plug and a Hubble HBL 2813 twist and lock connector. AC power is provided to rack components by four switched outlets on the rear panel of the AC Switch Box. The Glassman is powered from a switched outlet. Two un-switched outlets are available for the Rack Protection System and the Slow Controls chassis. An AC/DC converter, V-Infinity Model #: EPSA050250U, provides the +5V/2.5A power to the Slow Controls chassis. The interlock cable, RG 58, green, 4ns, connects the interlock from the RPS to the Switch Box. If smoke is detected by the System Sensor 2W-B smoke detector, the interlock is dropped and power is removed from all switched loads.
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Figure 2: HV Rack AC Distribution and Rack Protection

Custom Designed Equipment 
AC Switch Box:

AC Distribution is provided by a custom designed AC Switch Box. Figure 3 is schematic for the Special AC Switch Box. An Engineering Design Review was performed on the chassis and approval for operation was granted by Steve Chappa. More information can be found on Dave Huffman’s site under AC Distribution and Special AC Switch Box. 

http://www-ppd.fnal.gov/EEDOffice-w/Infrastructure_group/Huffman/Web/uboone/default.html
Relay specifications are here: http://www.crydom.com/en/Products/Catalog/5_3tp.pdf
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Figure 3: Special AC Switch Box Schematic
Rack Protection System: 

The Rack Protection System is composed of a custom designed Rack Protection Unit (RPS). This unit was designed by Dave Huffman and is documented at the following link under Item 9. RPS (Rack Protection System).The MicroBooNE production version of the unit is Revision B. An Engineering Design Review was performed on the chassis and approval for operation was granted by Steve Chappa.
http://www-ppd.fnal.gov/EEDOffice-w/Infrastructure_group/Huffman/Web/uboone/default.html
The 2W-D smoke detector specifications can be found here http://www.systemsensor.com/pdf/A05-0318.pdf
Slow Controls:

The Slow Controls chassis is a custom designed chassis used to monitor temperature probes and fan tray operation. The unit was designed by Dave Huffman in collaboration with Glenn Norton-Smith from Kansas State University. The chassis is powered by a V-Infinity, Model #: EPSA050250U, +5V/2.5A, AC/DC Converter. An Engineering Design review was conducted on the Slow Controls chassis by Steve Chappa. An in-line 500mA fuse was added, per the review findings report, on the input power circuit. Detailed information on the chassis and temperature probes can be found at the following URL under Item 11. Slow Controls Chassis.
http://www-ppd.fnal.gov/EEDOffice-w/Infrastructure_group/Huffman/Web/uboone/default.html
High Voltage Commercial Equipment 
HV Supply
The rack contains the commercially-produced Glassman LX150N12 model which is capable of delivering -150 kV with a maximum current of 12 mA; max power of 1000 W. We also have a microcontroller interface from Glassman (option GE9) to monitor and control the setup during unattended operation. The power supply specification sheets are here http://www-ppd.fnal.gov/EEDOffice-w/Projects/MicroBoone/Drift_HV/LX_Series.pdf. The options selected for the build are listed below. In addition to the standard build of the unit, per our request, an additional feature was added by the manufacturer. This feature allows the user to bypass the normally local control requirement of activating the HV Enable input for remote operation. 
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HV Pot
The HV filter pot consists of a pot, a flange, resistors dog bone connectors (for the resistors), and Diala oil. The MSDS for the oil is available as ‘other file’ in the Microboone DocDb #3065. The pot was made for a Tevatron voltage block (two high voltage out lines from one in). It was made by the Lincoln Corporation and has Al walls and a welded top with an opening that allows for a flange with screws and an O-ring seal. It is 20” in diameter, 18.5” tall, and ∼3/16 ” thick. The flange has receptacles that accept our HV cables (see Figure 4a). The receptacles are made of G10 with Al where the cable conductive center meets. Within the pot, the receptacles are connected to eight 10 M resistors (made by TRW) connected in series via the dog bones (see Figures 4b). The dog bones are made from machined brass and special effort has been made to round all surfaces to reduce electric fields. 
The entire assembly within the pot is submerged in commercially produced Diala oil to suppress any corona or discharges.  Nitrogen will be sent through the connection sockets and pot itself during operation to ensure the oil does not come in contact with water in the air. The connections can be seen on the welded pot cover and the side of the flanges for the sockets.
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Figure 4: Schematic drawings of the filter pot.  Figure (a) highlights the cable receptacles. Figure (b) shows the arrangement of the dog bones.
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Figure 5, shown above, is a photograph of the HV cable receptacles and dog bones attached to the filter pot cover, hanging inside the pot as it is closed.  The assembly is submerged in Diala oil, which is then covered with nitrogen gas during operation.
Cables

The cable we will use to connect the the filter pot to the MicroBooNE TPC HV feedthrough is made from a Dielectric Sciences cable (type 2134). This same type of cable was used in previous Tevatron applications, and this exact cable was used in previous successful tests at Lab 6. A technical drawing including characteristic values of the cable is in Figure 6. The cable that will connect the power supply to the bean pot is supplied by Glassman and is type DS 2121.
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Figure 6: Schematic of the HV cable connecting the filter pot to the MicroBooNE TPC HV Feedthrough.
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MicroBooNE Special AC Switch Box
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