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General

The control system hardware includes a Beckhoff BX9000 PLC, a Cmore touch-screen display and Labview.  The hardware is linked with a private Ethernet and these three devices communicate using Modbus TCP.  

All trigger signals come through the PLC.  Normally the camera is expected to be the fastest means of detecting a bubble.  A trigger signal is wired directly to a PLC input as the fastest means of communicating a trigger signal.  Backup triggering is described below.  When the bubble chamber is compressed, a signal from Labview via Modbus will reset the trigger and expand the chamber.  

Before use with the quartz flask, the trigger system will be fully checked out with a steel flask which will used compressed air to mimic the compressibility of the CF3I.

Labview can read all global PLC variables.  Also historical data is collected and displayed by the Cmore panel.  These historical files may be exported.

The PLC is programmed with function blocks per IEC 1131.  

Trigger

Re-pressurization may be triggered by any one of several variables which are displayed on the MAIN picture The table in the lower right of this picture identifies the reason for the most recent trigger and the number of times each  has been triggered.  The last column indicates which items are triggered presently.  The trigger may not be reset until all are green and whether the particular item is cleared and a reset will be accepted.  Triggers may be caused by:

· Rate of rise on Pressure Transmitter PT-2

· Rate of rise on Pressure Transmitter PT-3

· Hard wired signal from Labview, normally from the camera observations
· An operator pressed the ‘Compress’ button on this picture

· Air supply pressure is low

· Labview is holding the ‘RESET’ button on

· A large disparity between PT-2 and PT-3.  This interlock is defeated until PT2 is checked out.
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Other Buttons

· The pump enable button will stop the pump or allow the pump control to function
· The compress button triggers the compression system
· The reset trigger button depressurizes the bubble chamber and arms the compression trigger
Pressure Control

Outer volume control has two modes.  When expanded the pump moves glycol between the outer vessel and the glycol buffer tank to maintain a constant pressure in the outer volume.   When compressed the pump moves glycol between the outer vessel and the glycol buffer tank to maintain a particular piston position.  Either PID loops may be set in manual or automatic.  In normal operation both loops are in automatic mode.  Only the active loop can change pump speed.  The display indicates which loop is active.  
Other buttons

· The pump enable button will stop the pump or allow the pump control to function.
· The EV47 button opens or closes the valve.
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Temperature Control

Temperature Control is done with a PID loop reading TE32.  The bottom and top heaters are staged and proportionally controlled.  An output between 0 and 50% runs the bottom heater only.  An output above 50% runs the bottom heater at full power and the top heater proportionally.  Independent heater interlocks will turn off the heaters if the outer vessel is too hot.  These interlocks are separate from the Beckhoff PLC and are not displayed.
Cooling with the chiller uses its internal temperature control.  It is monitored but not controlled through this picture.
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Alarms

Each alarm has an adjustable high and low set point.   They may be enabled or disabled individually.  The alarm status is indicated by the colored indicator.
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Historical charts

There are four pictures with historical charts.  The present time is normally at the right edge of the chart.  The arrow buttons may be used for scrolling within the chart.
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