WMEP Communications/controls overview
The plan is to interface all monitoring and control inputs and outputs using a dedicated National Instruments “compactRIO 9074” Programmable Automation Controller (PAC) device running “Labview” software in the MS-Windows XP environment.  The cRIO  will include a web-served interactive interface including a flat-screen display located in the Pace lab hallway.  It also includes plug-in slots for input/output modules, as listed below, and a TCP/IP Ethernet connection.
TCP/IP (connects to CRIO via N-tron switch in Generator Room)
The SMA equipment (e.g. Sunny Boy and/or Windy Boy inverters) is equipped with a “Sunny Web-Box” TCP/IP interface.  The web box is connected to the sunny portal monitoring site http://www.sunnyportal.com .  We will open a Labview window onto this site for monitoring of the sunny boy solar input. 
The ASCO automatic transfer switch is controlled by a TCP/IP connection.  We will open a Labview window onto this server for monitoring of the power switch that controls the generator/grid connection.  This may not be implemented soon since the grid connection is down and may not be repaired for some time.  This means the switch will be parked in the generator (emergency) position. 
The main power meter (Schneider Electric PowerLogic® ION7300 Series) is located next to the main power distribution panel and has an internet interface which will be opened in a labview window.  This unit monitors power consumption as well as power quality.  The meter box has the capacity to add additional meters to monitor different elements of the distribution panel, for example, the power draw by each of the sub-panels.  We plan to add these meters in summer 2009.
RS-232 (connects to CRIO via RS-232 NI-9870 module)
The system will include various devices including

· MATE interface for monitoring and controlling Outback Inverter/Battery System, will run on proprietary “WattPlot” software in windows XP on cRIO.

· The Lochinvar boilers are equipped with an RS-232 serial port external monitoring and communications system, will run on proprietary software in windows XP on cRIO. 
· The Capstone Microturbine generator has an RS-232 interface, which will be run by proprietary Capstone software in windows XP on cRIO.  The Capstone company in interested in supporting this monitoring so as to have access to the performance data of the C-30 at altitude.

Relay controller (NI-9481 module plugs into cRIO)

This controller will produce a low voltage signal pulse which can be used to wake up the generator (generator wake), turn on/off the generator (generator start)/(generator shutdown)  or activate the propane vaporizer relay as needed.  The capstone generator controls may also be achieved via the RS-232 interface and capstone software.
Analog Voltage Inputs (connects to cRIO via NI-9205 module)
The 0-5 V output of the liquid propane flow meter will be connected to this module.  Labview will then create a Generator Liquid Propane Flow Rate Virtual Instrument (GP flow rate meter) of the instantaneous flow rate of propane to the generator, as well as a GP cumulative flow meter showing how much propane the generator has consumed.  The VI’s will be calibrated using data provided with the flow meter.
The 0-20 milliamp output of the vapor pressure gauge will also be connected to the analog voltage inputs using a voltage divider.  This will be converted into a Generator Propane Vapor Supply Pressure VI (GP pressure meter) using data provided with the gauge.

The outback inverters will switch on a 12VDC signal when the system determines that the micro-turbine generator is needed.  The cRIO analog input module will detect this generator needed signal.

Analog Voltage Outputs (connects to cRIO via NI 9263 module)

This module will produce a 0-5V DC signal (pump control signal) that will be used to control the propane pressure pump.

Programming the micropump pressure booster
The cRIO control system needs to manage the propane delivery system for the microturbine generator.  This includes initiating the start sequence which consists of turning on the propane vaporizer for 5-10 minutes, turning on the propane micro-pump, starting the generator, and then regulating the speed of the micro-pump motor to maintain a psi of 50 or greater in the system.  This is accomplished using data from the in-line pressure gauge, the flow meter, and the on/off state of the generator.

The CompactRIO control unit needs to monitor and control:

· The pressure gauge has a loop current output that translates x millivolts to x psi.  Create a virtual gauge in labview called GP pressure meter.
· The flow meter has a 0-5 volt output that translates into gallons per minute according to a table.  Create a virtual gauge in labview called GP flow rate meter and a cumulative gauge called Generator Propane Used. 
· The motor has a signal control circuit that translates one volt to 1000 rmp of the motor.  Create a 0-5V pump control signal using analog voltage output module.  A 0V signal turns off the motor completely.
· The generator needed signal is activated by a 12 V circuit from the outback inverter system.  Sense this with the cRIO analog input module.
· The generator on/off signal is created by the cRIO to turn on and off the generator by closing/opening a relay.

· A generator running signal is generated by the microturbine generator when it is running.  Sense this with the cRIO analog input module

One possible control system:

1. If the generator needed signal is off, the pump control signal should be set to 0 volts, the propane vaporizer relay should be off, and the generator on relay should be off.  This can be checked once per second on a continuing loop basis.
2. When the generator needed signal is turned on, the propane vaporizer relay needs to be activated for 5-10 minutes before turning on the propane pump or generator.
3. After waiting 10 minutes, the GP pressure meter and GP temperature meter should be checked.  

4. If GP pressure meter <50 psi  then the pump control signal should be set to a predetermined value V-start .  This will boost the system pressure well above 50 psi. The pump speed control loop should then be activated.  This loop is designed to hold the GP pressure meter to about 50 psi. 
5. If GP pressure meter >50 psi and GP temperature meter > 100 degrees F then the battery wakeup signal (a one second pulse) should be sent.  Then, after 5 seconds, the generator on/off relay should be closed (turned on).  This will start the generator.
6. Once the generator is on and producing power, it will generate a 12 V signal generator running .  The generator will remain on for as long as the generator run time or as long as the generator needed signal remains on, whichever is longer.
7. Pump control loop.  If GP pressure meter >50 psi then the pump control signal should be reduced by 0.1 V.  Recheck the GP pressure meter every Loop Timer seconds by looping until the pressure reaches 50.  If the GP pressure meter<50 then increase the pump control signal by 0.1 V .  Keep looping while the pump remains running.
8. The GP flow meter is not used as part of the pump speed control system, but the data should be logged as part of the overall monitoring program

