Process Controller Tutorial
CEE 2550/4550/5052
January 30, 2013
In this training session you will be working with various lab hardware and learning to configure a Process Controller method file to run experiments.  Located in the center of the lab space is a reservoir that is being maintained at 100 NTU (you will be extracting water from this reservoir and using it in your experiments).  The final method file should allow water to flow into the collection tank until it reaches 4 L.  Once this condition is met, the peristaltic pump should pump water from the collection tank to the turbidity meter for a reading and then to the drain.  The method file should cycle through this multiple times using the increment function to change the pumping rate each time.

The Process Controller Software page is located at (https://confluence.cornell.edu/display/AGUACLARA/Process+Controller) and contains various tutorials and help pages.  Much of the material from this tutorial was taken from the Wiki.

Lab Materials

· Solenoid valve

· Clear collection tank

· Peristaltic pump

· 7 kPa pressure sensor

· Turbidity meter

· Tubing and connectors
Goals

· Learn to setup Process Controller method file

· Understand how sensors, pumps, turbidity meters, etc. can be operated by Process Controller

System Schematic
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1) Finding and Using Process Controller

Look for the “Runtimes” folder, there you will find the application.  
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Double Click to open and select “Run” when prompted.

Next, open Process Controller (PC) and follow the tutorial to learn the basics. You can also hover the mouse over the buttons for descriptions. This is the configuration tab of the PC interface. In the configuration tab, you can open, save, and edit PC method files, and configure and set sensors.
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Opening and Saving Method Files

A method file is your aggregate experimental design file. Experimental design refers to how you will set up and conduct your experiment. Click on the icon furthest to the right under Method Files to open any previous method files. 
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For each new experimental method you develop, you should save it as its own file or if you have been working on the method file and want to save changes, click on this button. It will ask you to either rename the file, or click on the previous file to override the saved changes. This allows you to "save as" without changing an old file.
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Set up Contact Information

If you are running an experiment in the lab, make sure to put your name and email address in the correct boxes. Process Controller will email you automatically if the experiment shuts off due to an extreme change of pressure that you may have set in your program. Additionally, if there is a leak or problem with the setup in the laboratory, someone else in the lab can easily see who is running the experiment and email you.
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Data Logging

Process control software is a powerful tool for automating data collection. Data such as temperature, turbidity, and pH can be set to be output into an excel spreadsheet every 5 seconds where you direct the PC to drop them.

The datalog files are set to be named by the current date you are running the experiment. You must dictate where you want the datalog path. Click on the open folder button next to the datalog path name and you can navigate to a folder that you want the data files to be saved under. It can be a new folder with the current date, or one folder where all your files are located. Once you have the currect folder, click "Current Folder" on the screen and this folder will show up in the datalog path. Note: It is important that you ensure this is the correct folder whenever you run a new experiment, or else results from different experiments can mesh together in the same file if you run it in the same day.
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When you are logging data ensure that the button next to data logging is green. If it is not green, then data is not being logged. See help page on troubleshooting.

In order to run a program, you need set points, rules and states that will tell PC what to do. These are all changed in another window that is opened when you select "Edit Rules" on the configuration tab. 
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2. Rule Editor
Taken from (http://ceeserver.cee.cornell.edu/mw24/Software/Rule_editor.htm)
A word of caution. The sensors, set points, and states are used within the rule editor. If new sensors, set points or states are added in the middle of their respective lists or deleted from their lists any rules that were created previously may be incorrect. The software does not attempt to correct for changes in the lists of set points and states. It is your responsibility to verify that all rules are correct when making changes to the configuration. You can minimize this problem by adding states, set points, and sensors at the end of their respective lists.
Set Points

The rule editor provides a graphical user interface where the operator can completely configure the control logic for the plant. Begin by creating the set points for the process. Set points can include time, parameters that can be compared with sensor values, parameters that are required inputs for external code, and parameters that are outputs of external code. Set points that are outputs of external code are designated as variables. The only constraint on developing the list of set points is that set points that are inputs to external code must be in the same order (although they don't have to be adjacent) in the list of set points as they are expected by the external code.

When adding a new set point the name, value and unit of the set point can be edited in the Set Points control. The list of the Current set points functions as the index to the array of Set Points, thus allowing the operator to select and edit any of the set points. The unit field is not used by the process controller, but is a reminder for the operator. It is imperative that the units of the set points be the same as the units of the sensor data that they will be compared with.

When configuring a set point as a variable calculated by external code first load the code by clicking on the folder icon. If the code fails to load it is either because the external code doesn't have the correct connector pane or because the external code has sub VIs that aren't in the same folder as the external code. If the code loads correctly it will display the list of needed inputs at the bottom of the dialog box.
States

The list of states is created by adding new states and then naming the states in the Rules control. The states don't necessarily have to be listed in the order of the cycle. The first state should be the default off state. This state is used by the software as the default when the process is first turned on. The off state is also used as an emergency shutdown in case of a data acquisition failure.
The control output settings for each state indicate which set point is used to control that state. All set points used for control should be in the range of 0 to 1. Fractional values for the outputs 0 to 5 will cause the output to cycle and thus control the duty cycle. Fractional values for the pump speed will control the pump speed.

Rules

The list of rules is created by adding new rules and then naming each rule in the Rules control. The rules are the logical comparisons that determine if the process should change to a new state. The logic for changing process state can include a requirement of meeting several conditions simultaneously (conditions that are "anded"). There may also be more than one rule that can cause the process to change state. These two options are incorporated into the rule editor. The "anded" rules have multiple conditions and multiple 
rules can be created that are essentially "ored".  Rules that have multiple conditions that must be fulfilled simultaneously are created by increasing the [image: image9.png]number of conditions (£} 1



. Each conditional test will have its own logical comparison. An example of  a completed rule containing two conditions is given below. Each logical comparison consists of a measured value (either a sensor value or the elapsed time in the current state) that can be selected from the drop down menu. The measured value is compared with a set point that can also be selected from a drop down menu. The type of comparison can either be [image: image10.png]


or [image: image11.png]


.

Each rule can select which state the process should go to next. Thus it is possible that within the same state different rules would cause the process to change to different states.
The rules are implemented in the order indicated by the Current Rule control. If two rules would cause a state change at the same time, the first rule is used.
Creating your sensor list
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 (Ctrl+I) Adds a new sensor after the currently selected sensor.
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(Ctrl+C) Copies the currently selected sensor and adds it after the currently selected sensor
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(Ctrl+D) Deletes the currently selected sensor.
Use the Sensor List to navigate around in your list of sensors. When you click on a sensor in your sensor list the Ports will show which data acquisition module and channel are dedicated to that sensor. The module and channel numbers can be changed based on where in the laboratory you have plugged in your sensor.

 

Applying algorithms to change the raw voltage into physical units

Each of these SubVIs acts on the sensor in the Sensor List that is currently selected.
The output of the sensor can be set to a particular value (or zeroed) using this control. Note that if the calibration type is Volts, then the offset is recorded in the offset (volts). If the calibration type is a linear polynomial, or a correspondence table then the offset is recorded in the offset (physical units).
is used to calibrate dissolved oxygen probes.
is used to calibrate pH probes.
is used to calibrate sensors that have an output related to height. An NF90 position system is used to move the sensor to precise elevations. This can be used to calibrate pressure sensors or wave gages.
is used to calibrate a sensor using the output from a calibrated sensor. The two sensors must be measuring the same thing and that thing must be varying over time so that the full range of the sensor is calibrated. This can be used to calibrate wave gages using an LVDT.
(Ctrl+E) is used to show the resulting relationship between volts and the calibrated physical units.
Saving and Opening Calibration and Configuration Files
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 (Ctrl+O) opens a file containing a calibration for a single sensor.
[image: image16.png]


 (Ctrl+S) saves a calibration file for the sensor selected.
[image: image17] (Ctrl+Shift+O) opens a file containing a configuration. A configuration contains the calibration and port information for a set of sensors.
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 (Ctrl+Shift+S) saves a file containing a configuration. A configuration contains the calibration and port information for a set of sensors

3) Interfacing Sensors with Process Controller

You can quite easily interface sensors with Process Controller. Process Controller can be interfaced with pH probes, temperature probes, dissolved oxygen probes, and pressure sensors. Below is an auto tutorial on interfacing a pressure sensor with process control software.

Pressure Sensor
We wish to add a pressure sensor to measure the change in tank water level over time.
Plug in Pressure Sensor to Sensor Box

Find a 7 kPa pressure sensor and plug it into the Sensor Box. Note the location of sensor by the number.
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Add the Pressure Sensor to the Experiment

Plug the pressure sensor into the tank at the bottom. Fit a 0.25" O.D. inflexible tubing over the end of the pressure sensor that should be in contact with the water as shown in the picture below.
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Open the appropriate sensor calibration file in Process Controller

Navigate back to the configuration screen and click on "Sensor configuration and calibration" as shown in the figure below.
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Next in the sensor configuration and calibration screen, click insert sensor. In order to utilize this sensor we first have to calibrate it. Remember that the type of sensor we selected was a 7 kPa pressure sensor, so we should choose a calibration from one of the 7 kPa files.

Click on the far right folder highlighted in the figure below to open an existing sensor calibration file. We want to select "cm of water.smc" as the calibration file which will read the water height in the tank from the pressure sensor in centimeters of height.

The path directory to find this calibration file is: enviro\enviro on enviro\Software\Data Server\Sensor Calibration\7 kPa
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Calibrate the Sensor

The next step is to take note of where you plugged in the sensor. It should be plugged into the top row and there should be a number value above.
For the environmental processes teaching laboratory, the benches are in Mod 1. In the AguaClara labs, the addresses are Mod 4. You should select the module and then the channel as indicated by the number into which you have the sensor plugged.  For your future work, the Modules are as follows
Module 1 (Mod1) is connected to top row of ports in HO 150
Module 2 (Mod2) is connected to bottom row of ports in HO 150
Module 3 (Mod3) is connected to ports in DeFrees teaching lab.
Module 4 (Mod4) is connected to ports in HO 160
After you have accomplished this, you should try to make sure that the pressure sensor is sensitive to changes. Try applying pressure to the side facing out on the pressure sensor. There should be a measurable change in pressure. If you are convinced that you are in the right port and see no change in pressure, try pouring in about 2 L of water into the larger tank. You should see a difference now.

The next step is to zero the pressure sensor. With the tank fully drained of water, "zero" the sensor. The pressure reading should be close to zero.
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Next add water to the larger tank. The pressure sensor should now read a corresponding height. Confirm this.
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4) Turbidity Meter (Turbidimeter) Set up
The turbidimeters can transmit data to the computer using a serial communication cable. The turbidimeters use a RS 485 protocol and the computers use a RS232 protocol. We use a serial converter to facilitate communication between the two serial protocols. This converter should be plugged directly into the serial port on the back of the computer. [image: image25]
To acquire data using the Process Controller software you will need to configure a set point as a variable and then load a piece of external code that acquires data from the turbidimeter. Here are the steps

1. Open Process Controller software

2. Go to the Configuration tab

3. Click on the "Edit Rules" icon

4. Click on the last set point in the "Set points and variables list".

5. Click on "Add set point after"

6. Type "turbidity unit ID" in the name box of the new set point

7. Enter "1" in the value of the new set point (this is the default ID number of the turbidimeters). The only reason to change this is if multiple units are connected together for communication across a single serial port.

8. Click on "Add set point after"

9. Type "turbidity meter" in the name field of the new set point

10. Type "NTU" in the unit field

11. Select Variable as the type

12. Click on the file browse icon to find the external code in enviro\Software\Process Controller methods\HF turbidimeter\HF turbidimeter (com2).vi

13. Note that the code is specific for the communication port that the turbidimeter is connected to. Select the version that corresponds to the port you are using.

14. In the selected set points select the turbidity unit ID.

15. The turbidity should display in the value field. A value of -999 signifies that the function was unable to get a valid reading from the turbidimeter. If that occurs it may be because the unit ID is not 1 or because it is connected to a different serial port. And, of course, you could verify that the turbidimeter is on and is displaying the turbidity on its screen.

The turbidity data will be logged to file (if you have enabled datalogging) and it is also available for viewing in the graph tab of the process controller.

5) Configuring a Peristaltic Pump

Pump Speed

The rotor on the peristaltic pump sets the pump speed by how many revolutions per minute that the rotor will turn. We have two types of pumps we currently utilize, one can vary between 1-100 rpm. You may encounter a pump with a capability up to 600 rpm. Check the pump as different ones in Process Controller software require different VIs to operate.

Flexible Tubing Sizes

For each tubing size, different pump speeds will correspond to different flow rates being output by the pump. The peristaltic tubing sizes are rather arbitrary and are labeled by numbers: 13, 14, 16, 17, and 18 in increasing order of size. The table below gives you an idea of the flow rates that can be achieved by a peristaltic pump for different tubing sizes.
	Tubing Number
	13
	14
	16
	17
	18

	Tubing Size (ID)
	0.8 mm
	1.6 mm
	3 mm
	6.3 mm
	8 mm

	Pump Speed (rpm)
	~2-100
	~2-100
	~2-100
	~2-100
	~2-100

	Flow Rate (mL/min)
	0.1-6.0
	0.3-21.0
	1.3-80.0
	4-280
	6-380


From this chart, you can easily calculate a pump speed given a tubing number and flowrate. At the appropriate tubing number, divide the given flowrate by the maximum flowrate and multiple this quantity by 100. This simple calculation will give you the speed of the pump in rpms given a tubing size and flow rate.
To connect a pump, insert the serial port into the Stamp box at a pump location.  In Rules under Set Points, add the pump by selecting the appropriate confirguration file and loading in the set points for flow rate and tubing size.  The flow rate should be configures with the increment algorithm so that each time the method file cycles through, the pump flow rate increases.  The increment configuration is located with the other configuration files.  

6) Adding a Solenoid Valve

Solenoid valves are connected through the Stamp box.  The port it is connected to corresponds to the sections in Rules and States.  Thus, when the value is set to On (set point value of “1”), the valve is open.  



















