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Powering the controller:

The controller automatically powers up when it’s plugged in; it will display “VR 3.0” (software version) followed by “RST” indicating that the controller has been reset.  It will then enter RUN mode, which is the standard operating mode of the controller.  
Basic control:


The controller has two main modes: RUN and STANDBY (STBY).  Run mode will perform whatever process has been specified (typically single temperature setpoint or ramp/soak); standby means the controller is still on but is not controlling or measuring temperature.


The controller is configured and controlled using a hierarchical menu software system, accessed through the main display.  The Omega controller has only four buttons which are used to navigate configuration menus and change control variables; these buttons perform different functions depending on the context, however (listed from left to right): 
· “MENU”
· Progresses through a current menu.
· From RUN, pressing this will enter the main configuration menu.

· Within a menu, it will progress to the next menu item.

· While modifying a parameter value, it will cancel changes and return to the menu.

· “UP”

· Increases a parameter value while in “edit” mode.  Toggles on/off values.
· In RUN mode, press this button once to display “peak” (global temp. maximum).
· “DOWN”

· Decreases a setpoint value while in “edit” mode.

· Cycles through digit places in a parameter value in “edit” mode for any value other than setpoint.

· Within a menu, it will return your position to the first item of the menu.
· In RUN mode, press this button once to display “valley” (global temp. minimum).

· “ENTER”

· Enters the submenu list for a selected main menu.

· When modifying a parameter value, it stores the new value.  “STRD” will flash on the screen to confirm this.

· In RUN mode, press twice consecutively to switch to standby (“off”) mode.

· In RUN mode when “peak” or “valley” value is being displayed, it resets the value.

In the menu diagrams that follow, a vertical arrow represents hitting ENTER to “open” a sub-category, while a horizontal arrow represents hitting MENU to progress through a category.

Main menu:

From RUN mode, pressing “menu” will cycle you through the “main menu” of configuration options:

RUN → SP1 → SP2 → CNFG → RUN

· SP1 stores the main setpoint value used by the controller.  For our applications, this is the only relevant setpoint.

· SP2 stores a second setpoint used primarily for alarms.  We don’t use SP2.

· CNFG stores all configuration parameters that define how the controller functions.  It’s used initially to set up the controller, and also to define ramp/soak parameters.

Changing SP1:
SP1 is the main setpoint variable used for maintaining a single temperature and for a ramp/soak routine.
1. Cycle through the main menu to SP1 and hit ENTER.

2. The current value will be displayed, with the tenths digit flashing.  Press UP or DOWN to vary the tenths digit.

3. Holding UP or DOWN for five steps will shift control to the next digit.  In this way large changes can be made quickly when desired.

4. Press ENTER when the desired temperature is displayed.  STRD will confirm the change has been made, and you will be returned to the main menu at SP2.

Configuration menu:
Note:  To change any variable other than setpoints (SP1/SP2), the controller must be put in standby mode.

CNFG

↓

INPT→RDG→ALR1→ALR2→LOOP→OUT1→OUT2→RAMP→ID→COMM→COLR→(return to run mode)

· INPT (Input):  Sets input device type.  We use thermocouples, so this should always be set to “TC.”  The thermocouple type (TC submenu) should be listed on the thermocouple kit; on the gas MIMS probe, for example, it’s “K.”  Correctly specifying input and type is critical to accurate readings.

· RDG: (Reading configuration): Sets display format.

· DEC (decimal) sets the decimal place on the display, and implicitly sets the display range of the device.

· TEMP (temperature) sets the units (F/C) of the display.

· FLTR (filter) sets the number of readings stored in the digital averaging filter.  The larger this value, the slower-updating but more stable/readable the displayed value will be.

· ALR1/ALR2 (alarm 1/2): These control two physical alert outputs that we don’t use in our experiments.
· LOOP (loop break time/field calibration): This is an optional control that limits the rate of temperature change as it approaches a setpoint.  It’s not used for our application of the device.

· OUT1 (output 1): This is the main control menu for the device, allowing us to define how it controls temperature in various modes.  Proper setup is critical for configuring the controller to accurately regulate temperature, but after initial setup for a particular heating device, little will need to be changed.
· SELF: Allows for manual device control.  We always run the controller in automatic mode, so this should always be disabled (DSBL).

· %LO / %HI: These specify the absolute limits of controller output within which the control parameters are permitted to vary the heating cycle.  For our purposes we want to allow full variation from 0-100%, so %LO = 0000 and %HI = 0099, which is analogous to disabling the limits.
· CTRL (control type output): There are two ways for the controller to automatically regulate output:  “on/off” (ON.OF) and PID, which stands for “Proportion Integral Derivative.”  With on/off regulation the controller is completely on or completely off and temperature can fluctuate quite a bit around the setpoint, so for small-mass systems requiring accurate and precise control (such as ours), this is not ideal. PID is a more complex regulation system which scales output down as it approaches the setpoint to avoid overshooting and/or oscillating around it, and as a result is better for our application.
· ACTN (action type): This PID sub-parameter specifies whether controller output heats or cools the temperature device; “direct” (DRCT) means output will increase when measured temperature is above the setpoint, while “reverse” (RVRS) means output will increase when temperature is below the setpoint.  We want the latter since we’re driving a heating unit and not a refrigerator.
· AUTO (auto PID): Enabling this allows the controller to run a self-test and adjust all three PID parameters as necessary for what it determines to be the ideal temperature control for a given system.  This may give a good starting place for further optimization but tends to not give the best configuration.
· See below for details on PID setup.
· ANTI (anti-integral): This increases the response time of the device, and should be enabled for our applications.

· PROP (proportional band): Defined as “the change in the instrument input to cause a 100% change in the controller output.”  Units are in degrees of temperature or counts of process.  Essentially, this is the error in degrees from the specified setpoint that the measured temperature (process variable) must deviate in order for a full heating cycle to occur in response; any deviation below this threshold will result in a partial (proportional) heating cycle.  The smaller this value, the more oscillation around the setpoint will occur, but if the value is too large it may not supply enough output at low temperatures to ever reach the setpoint.  See The Temperature Handbook for detailed description.
· REST (reset setup): Units are in seconds, range 0-3999.  See The Temperature Handbook for detailed description.
· RATE (rate setup): Units are in seconds, range 0-399.9.  See The Temperature Handbook for detailed description.
· CYCL (cycle time): This defines the duration of a heating cycle in seconds, range 1-199.  Outside the proportional band, the cycle is full-on or full-off depending on whether the measured temperature is above or below SP1.  Inside the proportional band, the cycle will be on for a percentage of its time proportional to its deviation from SP1.
· DPNG (damping factor): A value from 0-7 typically set to the rate:reset ratio, governing how strongly the controller will respond to input.  A low value will give a fast response time with higher risk to overshoot the setpoint, while a high value will give a slow but more stable response.

· OUT2 (output 2): Not used for our application.

· RAMP (ramp & soak): When enabled, this function allows the device to increase the temperature from ambient to SP1 over a specified period of time (ramp time, hh:mm).  This is not meant to be a precision control process, so unfortunately it’s difficult to predict the slope and start point for the ramp; sometimes it will begin heating immediately and sometimes it will take several minutes.  The ramp is accomplished by the controller incrementing SP1, the current value of which will flash on the display during the ramp.  The flashing display is an indication that the ramp is in progress.
· To initiate a ramp process:

· Put the controller into standby mode.

· Move to SP1 and set the final value for your ramp.

· Enter the CNFG menu, move to RAMP in the menu and enable it.
· Hitting enter will move you to SOAK; enable this if you’d like the controller to hold the final temperature for a definite duration after the ramp is complete, then shut off.  If soak is disabled, the controller will maintain the final temperature (SP1) indefinitely after the ramp.

· Hitting enter will move you to RAMP again, this time to define the ramp duration in hh:mm format.

· Hitting enter will move you to SOAK again to define duration in hh:mm format.

· Press ENTER to return to the main CNFG menu.  Proceed to RUN where the controller will reset.  If everything was set up properly, the controller should briefly display SP1 followed by a blinking value close to current temperature.  This represents the first setpoint in the ramp process.  The value should eventually begin to change as the ramp process increments SP1, ending at your original setting.

· ID (ID code): This is an option to lock the controller with a 4-digit access code; for our purposes it’s not used.

· COMM (communication option): This menu configures an optional PC serial comm. link that our controllers don’t have, so it’s not applicable to our experiments.

· COLR (display color): This menu allows you to specify display color under normal and alarm conditions.  There are three colors available: green (GRN), amber (AMBR), and red (RED).  N.CLR stores the value for the normal display color, and it’s the only one pertinent to our application.  (1.CLR and 2.CLR specify alarm condition colors.)

· Cycling past COLR returns the controller to RUN mode.
PID Setup & Heating Cycle Explanation:
For a very thorough explanation of PID setup and parameter definitions, see pgs. Z82-Z83 in the back of Omega’s The Temperature Handbook, a thick hardcover with a red binding and “TEMPERATURE” printed vertically on it.  This describes in great detail how PID works and how to tune it.
Initial configuration:

The controller comes with factory preset values; these are listed in the pdf manual on pages 62-63.  All values aside from PID parameters should be set as described in the bulleted list above; PID tuning should be done as described in the temperature handbook.
