
LABORATORY EXERCISE 9
CLOSED LOOP TUNING

The System

In this laboratory study, you will perform closed loop analysis of a small airflow system.  The 
controller used in this study is a Yokogawa UT40.  This is a general purpose process controller 
designed for use in the process industry.  The unit description below is excerpted from the 
controller instruction manual.

The Model UT40 Digital indicating controller continuously indicates process  
variable (measured value) and set point on the vacuum fluorescent display.

The UT40 can support direct input signal of thermocouple or RTD (Resistance 
temperature detector), or DC voltage/current signal (0 to 10 mV, 4 to 20 ma).  
Because the multirange signal system is used, the input types and ranges may be 
set arbitrarily by the user.

When a DC voltage/current signal is input, it can be converted into actual  
physical quantity by scaling function and displayed.  By applying one-tip  
microprocessor, a variety of functions such as automatic tuning, multi-gain,  
output/set limiter, and output velocity limiter, etc. are provided with standard 
version.  Transmission or communication function (RS-422) for measured values,  
set points or output values may be selected optionally.

The input to the controller is from a TCS pressure transmitter with a sensing range of 0 to 2 
inches w.g. and an output of 4 to 20 ma.

The controller drives a 4 to 20 ma I/P valve which outputs 3 to 15 psi.  The I/P valve drives a 
pneumatic actuator with a spring range of 3 to 12 psi.

Procedure

Controller Setup

● Review the terminal wiring diagram on pages 4 & 5 of the instruction manual.  These 
pages are also reproduced on a placard affixed to the body of the controller.  Verify 
process connections and determine the purpose of the other controller connections. 
Discuss with your instructor any terminal connections you do not fully understand.

● Review the instruction manual (pages 7 thru 9) so you understand the controller display 
and the use of the controller keypad.

● Review the instruction manual (pages 10 thru 18) for this controller so as to understand 
the menu structure of the unit necessary to enter tuning parameters.

● Access the controller menu and ensure integral and derivative are disabled.



● Enter a value of proportional gain and an appropriate setpoint.  The setpoint should be a 
value that moves the damper to approximately 60o closed.

● Put the system into automatic and allow it to settle.

Strip Chart Recorder Setup

● Set the long pen to the 2V range with an offset of +1 volt.  This records the disturbance to 
the system.

● Set the short pen to the 1V range with an offset of +2 volt.  This records the process 
variable (static pressure).

● Set the chart speed to 5 mm/sec.

Perform Test

● Start the chart recorder

● Invoke a setpoint disturbance.  Try a 5% change in the setpoint.  If this is inadequate, try 
a 10% change.

● Record for a period of time sufficient to allow you to determine if the response is damped 
or if it is marginally stable.

● Repeat the above steps until you determine a value of controller gain at which the system 
exhibits marginally stable operation.  Record that value of gain.

Perform Analysis

● Perform a graphic analysis as instructed during lecture.

● Determine the values for a P and a PI controller

Check Results (P control)

● Enter Kc into the controller.

● Set the recorder to a speed of 5 mm/sec.  Leave the pen voltages as is.

● Drop the blue pen and start the recorder.

● After allowing a baseline to trace, invoke a setpoint disturbance.  Try a 5% change in the 
setpoint.  If this is inadequate, try a 10% change.

● After the resulting trace has lined out, change the setpoint back to it's original value and 
allow the system to stabilize again.

● Repeat 3 more times.



● Select one of the four traces and determine the damping ratio.  If the damping ratio is not 
4:1, just accept the result as is.  Record all of your results and keep your trace.  We will 
use the 'As-Found' tuning method to tweak your results in a later lab.

Check Results (PI control)

Check the results for the PI parameters in the same way as you did above except:

● enter both Kc and Ti in the controller dialogue.

● Perform the same steps as you did when checking the P controller.

● Select one of the four traces and determine the damping ratio.  If the damping ratio is not 
4:1, just accept the result as is.  Record all of your results and keep your trace.  We will 
use the 'As-Found' tuning method to tweak your results in a later lab.


