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A Simple Control Requirement
The make up valve is the 
device to be controlled;  a.k.a. 
the Controlled Variable or Final 
Control Element



A Simple Control Requirement

The tank water level is the Process Variable

Set Point

The desired level becomes the Set Point



A Simple Proportional Control System

The float is the Sensor

Set Point

The valve handle and 
linkage is the Actuation 
System

The lever arms and the pivot 
point are the controller



A Simple Proportional Control System

The linkage system makes 
the water level proportional
to the amount the control 
valve is opened

Set Point



A Simple Proportional Control System

The on 
each side of the fulcrum sets 
the proportional band and gain 
the of the control system

Set Point



A Simple Proportional Control System

As long as the demand does not exceed the 
capacity of the delivery system (i.e. steady state 
can be achieved inside the proportional band) 
the system will be under control

Control 
Point

Set Point

The proportional band is the 
change in the process variable 
that causes the controlled variable 
to go through its full range



A Simple Proportional Control System

Set Point

By its nature, a proportional control system 
will always have a difference or “error” 
between the set point and the control point 
except at one specific condition

Control 
Point

Error



A Simple Proportional Control System

Set Point

We could reduce the error by increasing the 
gain of the controller (making it more 
sensitive to a level change in this case) …

Control 
Point



A Simple Proportional Control System

Set Point

… but at some point, feedback from the 
process would interact with the control loop 
in a way that would make it unstable

Control 
Point



The Impact of Narrowing Throttling Range

Proportional band =400% and set point changed to 80% 
(black line) 
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Set point changed to 80%Set point changed to 80%

Significant error between the 
control point and set point
Significant error between the 
control point and set point



The Impact of Narrowing Throttling Range

Proportional band =400% (black line) 
Proportional band =300% and set point changed to 80% 
(red line) 

12

Set point changed to 80%Set point changed to 80%

Error between the control 
point and set point is reduced
Error between the control 
point and set point is reduced



The Impact of Narrowing Throttling Range

Proportional band =400% (black line) 
Proportional band =300% (red line) 
Proportional band =200% and set point changed to 80% 
(blue line) 
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Set point changed to 80%Set point changed to 80%

Error between the control 
point and set point is further 
reduced

Error between the control 
point and set point is further 
reduced

Signs of instability and hunting emergeSigns of instability and hunting emerge



The Impact of Narrowing Throttling Range

Proportional band =400% (black line) 
Proportional band =300% (red line) 
Proportional band =200% (blue line) 
Proportional band =150% and set point changed to 80% 
(gray line) 
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Set point changed to 80%Set point changed to 80%

The system begins to 
resonate at it’s natural 
frequency (hunting begins)

The system begins to 
resonate at it’s natural 
frequency (hunting begins)



The Impact of Narrowing Throttling Range

Proportional band =400% (black line) 
Proportional band =300% (red line) 
Proportional band =200% (blue line) 
Proportional band =150% (gray line) 
Proportional band =100% and set point changed to 80% 
(second black line) 
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Set point changed to 80%Set point changed to 80%

The system becomes 
dynamically unstable
The system becomes 
dynamically unstable



Bottom Lines On Proportional Control

1. All proportional control processes will show a difference 
between set point and control point (a.k.a. error) under 
all operating conditions other than one very specific 
condition

2. The error can be reduced by narrowing down the 
throttling range

3. There is a limit to how much you can narrow the 
throttling range with out hunting

4. The limit is a function of the physics of the control 
system;  things like lags, play in the linkage system, the 
nature of the process, etc.
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Then a Miracle Occurs

Image from 
http://www.sciencecartoonsplus.com/pages/gallery.php



Proportional plus Integral plus Derivative 
Control (PID)

PID is the Miracle that can:
• Eliminate error
• Reduce the magnitude of a spike when a system is 

upset
• Reduce the settling time after an upset
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A Simple Proportional Control System

Set Point

By its nature, a proportional control system 
will always have a difference or “error” 
between the set point and the control point 
except at one specific condition

Control 
Point

Error

Eliminating Proportional Error;

Becomes Less Simple



A Simple Proportional Control System

Set Point

Control 
Point

If the system has 
capacity beyond the 
current operating 
requirement, and the 
error had persisted for 
a while, the operator 
could adjust the float to 
eliminate the error at 
the current load 
condition

Eliminating Proportional Error;

Becomes Less Simple



A Simple Proportional Control System

Set Point

Control 
Point

If the system has 
capacity beyond the 
current operating 
requirement, and the 
error had persisted for 
a while, the operator 
could adjust the float to 
eliminate the error at 
the current load 
condition

Eliminating Proportional Error;

Becomes Less Simple



A Simple Proportional Control System

By monitoring the error 
over time, the operator 
could adjust the float 
setting so that it always 
maintained the desired 
set point

Set Point 
= 

Control 
Point

Eliminating Proportional Error;

Becomes Less Simple



A Simple Proportional Control System

This is what the 
Integral function in a 
Proportional plus 
Integral plus Derivative
control loop does

Set Point 
= 

Control 
Point

Eliminating Proportional Error;

Becomes Less Simple



The Impact of Adding Integral Gain

Set point changed to 80%Set point changed to 80%

Proportional only response;  
250% proportional band
Proportional only response;  
250% proportional band

Note error between the 
control point and set point
Note error between the 
control point and set point



The Impact of Adding Integral Gain

Set point changed to 80%Set point changed to 80%

Proportional only response;  
250% proportional band
Proportional only response;  
250% proportional band

Proportional + Integral response;  
250% proportional band, Integral 
time = 2 minutes

Proportional + Integral response;  
250% proportional band, Integral 
time = 2 minutes

Error eliminated!Error eliminated!



The Impact of Adding Integral Gain

Set point changed to 80%Set point changed to 80%

Proportional only response;  
250% proportional band
Proportional only response;  
250% proportional band

Proportional + Integral response;  
250% proportional band, Integral 
time = 2 minutes

Proportional + Integral response;  
250% proportional band, Integral 
time = 2 minutes

Proportional + Integral response;  250% 
proportional band, Integral time = 0.75 minutes
Proportional + Integral response;  250% 
proportional band, Integral time = 0.75 minutes

Signs of instability and hunting emergeSigns of instability and hunting emerge



A Simple Proportional Control System

Similarly, the operator 
could monitor the 
process and if he or 
she saw the error start 
to rapidly change 
relative to time, they 
could quickly push the 
float  up or down to 
minimize the deviation 
from set point

Set Point 
= 

Control 
Point

Eliminating Proportional Error;

Becomes Less Simple



A Simple Proportional Control System

Once the sudden 
change is over the 
operator could reset 
the float to match the 
current load condition 
and maintain the 
required set  point

Set Point 
= 

Control 
Point

Eliminating Proportional Error;

Becomes Less Simple



A Simple Proportional Control System

This is what the 
Derivative function in a 
Proportional plus 
Integral plus Derivative 
control loop doesSet Point 

= 
Control 
Point

Eliminating Proportional Error;

Becomes Less Simple



The Impact of Adding Derivative Gain

Set point changed to 80%Set point changed to 80%

Proportional only response;  
250% proportional band
Proportional only response;  
250% proportional band

Proportional + Integral response;  
250% proportional band, Integral 
time = 2 minutes

Proportional + Integral response;  
250% proportional band, Integral 
time = 2 minutes



The Impact of Adding Derivative Gain

Set point changed to 80%Set point changed to 80%

Proportional + Integral + Derivative response;  
250% proportional band, Integral time = 0.75 
minutes, Derivative time = 0.1 minutes

Proportional + Integral + Derivative response;  
250% proportional band, Integral time = 0.75 
minutes, Derivative time = 0.1 minutes

Properly applied, derivative 
reduces the spike at upset and 
shortens the settling time

Properly applied, derivative 
reduces the spike at upset and 
shortens the settling time



PID Resources

Controller Tuning and Control Loop 
Performance by David W. St. Clair
• Judy St. Clair

Straight Line Control, LLC
6326 4th Avenue South
Richfield, MN 55423
USA
Phone:612-869-6814
Fax: 612-869-2761
jastclair@pro-ns.net
http://www.straightlinecontrol.com
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PID Resources

Reference Guide to PID Tuning
• Available from the publishers of 

Control Engineering
• See A Field Perspective on 

Engineering Blog Post for Links
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PID Resources

See An Overview of Proportional plus Integral plus 
Derivative Control and Suggestions for Its Successful 
Application and Implementation from the proceedings of 
the 2001 International Conference on Enhanced Building 
Operations
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