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PST Heater System Details

Abstract 

The PST heater system is comprised of several heater panels, temperature sensors, and the wires powering these devices.  The system is divided into 3 regions, each with 4 zones.  The zones are wired for redundancy to minimize the effect of individual heater panel failure.  The performance of each panel is monitored via a temperature sensor on the panel.  The system is to be powered at 48 V with a duty cycle controlled by the heater panel temperature sensors.  The system has shown adequate performance with a constant power level of 16 V during prototype testing.
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PST Heater System Details

This document details the PST heater system.  It describes the system components, the zones, the wiring scheme, redundancy within the system, wire routing, and strain relief positions.  It also includes a description of the heater panel testing and efficiency.

1 System Description and Components

The heater system is a set of heaters covering the entire surface of the PST.  It serves to maintain the surface above the cavern dewpoint of 13( C.   It comprises 108 heater panels co-bonded to the PST shell, 4 small heater circuits bonded to the SCT mount pads, 133 wires supplying power to these heaters, 108 temperature sensors, and 224 wires to the temperature sensors.  

1.1 Heater Panel Description

Each full-size heater panel measures 357.9 mm x 233.6 mm.  The panel is a sheet of Kapton sputter-coated on both sides with copper and adhered to an aluminum foil.  On one side the heater traces are etched onto the copper, and on the other side connectors are etched onto the copper.  A Teflon coverlay is bonded with epoxy on top of the traces.   

The copper traces on the heater panel are approximately 8 microns thick.  The traces traverse the panel and create two parallel resistive circuits.  The resistance of the entire panel is 18 Ohms.

The panels are wrapped around the PST and are layed side by side to cover the entire PST surface.  4 panels span the circumference with gaps of approximately 1.4 mm between them. The panels are layed up onto the PST before it is cured and are co-bonded to it.

The traces are designed to accommodate the hoop stiffeners at 233.6 cm intervals, i.e., one per panel length.  The SCT mount pads are accommodated by cutting out a section of the panel and jumpering across the cutout. 

The panels shall have solder joints electrically connecting them all together to form a Faraday cage via the aluminum foil sheet.

1.2 Wire Description

The wires to be used are 24 gauge copper wires.

1.3 Strain Relief Description

Strain reliefs shall be epoxy dots. They shall be applied to the wires immediately below the solder joint locations and again at the center of the panel before being routed radially outward to the wire support slots. 

2 Zone Description

The heater system is divided into four circumferential zones: top, right, left, and bottom.  The left and right zones are identical. Within each zone, heaters are ganged together and jointly powered.  The division of the system into zones enables the maintenance of a uniform temperature over the surface of the PST in spite of surface heat loss gradients due to natural convection.  An additional level of redundancy is built into the bottom zone to minimize the effect of single panel failure.  

3 Temperature Monitoring

A temperature sensor shall be located in the center of each heater panel.  The signal from this sensor shall be used to determine the appropriate power input to the heater panel.

4 Wiring Scheme

Within the top, right, and left zones, every 2 heaters are ganged together.  2 supply wires are connected to the primary panel, and the positive and negative leads of the secondary panel are ganged to those of the primary panel.  In this way 2 wires are required per 2 panels.  In the bottom zone, every two heaters are ganged together in a slightly different way.  Again, 2 supply wires are connected to the primary panel and the positive and negative leads of the secondary panel are ganged to those of the primary panel; in addition to this, a 3rd wire is connected to the negative lead of the secondary panel for redundancy.  In this way, 3 wires are required per 2 panels.  This additional wire is normally disconnected but can be connected in case of failure.  In case of an odd number of panels, as occurs in the barrel section, the odd panel is wired separately.  This is illustrated below. 
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Figure 1:  A schematic of the heater panels, temperature sensors and wires in the Forward A region is shown above.  Mount pad heater circuits and temperature sensors are not shown in this figure.
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Figure 2:  A schematic of the heater panels, temperature sensors and wires in the Forward C region is shown above.  Mount pad heater circuits and temperature sensors are not shown in this figure.
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Figure 3:  A schematic of the heater panels, temperature sensors and wires in the Barrel region is shown above.  Mount pad heater circuits and temperature sensors are not shown in this figure.

On each of the 4 SCT mounts is a small heater circuit.  Each of these heater circuits is individually powered.

In addition to power supply wires, there are also temperature sensor wires.  On each heater panel and on each mount pad heater circuit is one temperature sensor, located nominally in the center.  Each temperature sensor has 2 wires, one in and one out. 

4.1 Wiring Requirements and Routing

On each panel, the wires shall be strain relieved immediately below the solder joint, led toward the center of the panel, strain relieved again and led radially outward toward the wire support slots.  This corresponds to 0 ° for the right zone, 90 ° for the top zone, 180 ° for the left zone, and 270 ° for the bottom zone.  From here the wires are led toward the appropriate flange and up to the power supplies in USA50.

In the barrel section, there are 7 heaters in each zone for a total of 28 heaters. Based on the wiring scheme, there shall be 91 wires, of which 35 are for powering the heaters and 56 for the temperature sensors.  Half the wires (8) in the barrel section shall be routed toward the Forward A – Barrel Flange and half (8) shall be routed toward the Forward C – Barrel Flange.

In the Forward A section, there are 10 heaters in each zone for a total of 40 heaters.  Based on the wiring scheme, there shall be 125 wires, of which 45 are for powering the heaters and 80 for the temperature sensors.  The wires in the Forward A section shall be routed toward the Forward A - Barrel Flange.  

In the Forward C section, there are 10 heaters in each zone for a total of 40 heaters.  Based on the wiring scheme, there shall be 125 wires, of which 45 are for powering the heaters and 80 for the temperature sensors.  The wires in the Forward C section shall be routed toward the Forward C - Barrel Flange.  

On each SCT mount, there is one heater circuit, for a total of 4 heater circuits.  Based on the wiring scheme, there shall be 16 wires, of which 8 are for powering the heaters and 8 for the temperature sensors.  The wires on the +XA SCT mount shall be routed toward the Forward A – Barrel Flange.  The wires on the –XA SCT mount shall be routed toward the Forward A – Barrel Flange.  The wires on the +XC SCT mount shall be routed toward the Forward C – Barrel Flange.  The wires on the –XC SCT mount shall be routed toward the Forward C – Barrel Flange.

This gives a total of 357 wires, of which 133 are for powering the heaters and 224 are for the temperature sensors. 

4.2 Power Supply Requirements

The number of power supplies required for the heaters on the A side is 30, of which 8 are from the barrel region, 2 are from the SCT mounts, and 20 are from the forward A section. 

The number of power supplies required for the heaters on the C side is 30, of which 8 are from the barrel region, 2 are from the SCT mounts, and 20 are from the forward C section. 

The number of power supplies required for the temperature sensors on side A is 58, of which 16 are from the barrel section, 2 are from the SCT mounts, and 40 are from the forward A section.

The number of power supplies required for the temperature sensors on side C is 54, of which 12 are from the barrel section, 2 are from the SCT mounts, and 40 are from the forward C section.

This gives a total of 60 power supplies of the type to power the heater panels and 112 of the type to monitor the panel temperatures.

The power level for each pair of heater panels shall be controlled by a closed-loop feedback circuit between sensors located within the zone and the power supply.

5 Redundancy

Loss of current through and therefore resistive heating from a panel can be a serious failure depending on the circumferential location of the panel.  If the surface temperature drops to or below the cavern dewpoint because of loss of heating, condensation may occur on the surface.  Because of the wiring scheme, loss of current flow through a single ganged panel may result in the loss of both panels. Testing of the prototype showed the bottom zone to be the coldest region and most susceptible to panel failure.  To mitigate the risk and effect of panel failure, two types of redundancy have been built into the heater system.

The resistive circuit of the heater panel is composed of 2 traces running alongside each other.  In case of failure of one of the circuits, the parallel circuit remains operational.  In this case, the resistance of the panel increases and the panel becomes hotter for the same current input.  Both ganged panels continue to be operational.  This redundancy applies to all heater panels.

In the bottom zone, a normally unconnected wire is brought out of the secondary panel negative lead.  This is in addition to the normally connected wire brought out of the primary panel negative lead.   In case of failure of the primary panel, this wire can be connected to operate the secondary panel independently.  The wires in this region shall be connected such that failure of the secondary panel does not affect the primary panel. 

In case of failure of both ganged panels in the bottom zone, panels surrounding that region shall be run at a higher current input.  This has been shown in prototype testing to be an adequate solution.

6 Heater system prototype testing

The adequate performance of a prototype heater system has been verified.  A minimum surface temperature 2 ° C above the cavern dewpoint temperature was obtained for a 30 cm long PST prototype with heater panels co-bonded to the surface and an internal cooling circuit.  

6.1 Experimental Details

The heater system verification experiment was designed to simulate a very conservative model of the PST during operation, namely the barrel section with the cooling circuits on and the modules off.  The cold surfaces inside the PST are assumed to be at a temperature of -25( C.  An estimate was made of the heat loss from the cold tube and sector surfaces to the shell surface maintained at +15( C.  This estimate was used to determine the required surface area for equivalent heat loss from a coiled copper tube to the shell surface.  Within a 30 cm long section of the barrel, 128 tubes and 3 sector disks were estimated to lose 173 W to the shell surface.  This same heat transfer was calculated to be achievable by 11 m of 9.5 mm (3/8 in) outer diameter copper tubing.

A 30 cm long prototype of the PST (456 mm in diameter) was constructed with 5 heater panels spanning the full length and 1/5 of the circumference of the shell.  A copper tube of 9.5 mm OD, 14 m long (25% longer than the estimate above) was coiled to a diameter of 285 mm.  To achieve internal cooling, a 50/50 mixture of anti-freeze and water was flowed through the copper tubing and maintained at –25 C.  Insulated endcaps were placed on the ends of the PST prototype.  An infrared camera was used to capture images of the temperature profile of the PST surface.

The testing indicated that surface temperature of 15 ° C could be maintained with 30% of design power level, corresponding to 40 W (400 milliamps) total for 5 panels per 30 cm.  
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