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The Quarter Decay Ratio; 
Signature of a Well Tuned PID Loop

1 2 3

Process upset occurs

Set Point 

Process Variable

This spike 
needs to be 
small enough 
to not break 
something

This settling time needs to be 
reasonable in the context of the 
load served by the process
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The controller has to 
react to the change
The controller has to 
react to the change

Lags and the 
Response to 

a Set Point 
Change

A volume of air needs 
to move through the 
line and fill the actuator

A volume of air needs 
to move through the 
line and fill the actuator

The actuator linkage 
has to move through 
any “play” that exists

The actuator linkage 
has to move through 
any “play” that exists

The valve plug 
needs to move
The valve plug 
needs to move

Steam needs to flow 
into the heat exchanger
Steam needs to flow 
into the heat exchanger

The thermal mass of the heat 
exchanger and water needs 
to change temperature

The thermal mass of the heat 
exchanger and water needs 
to change temperature

The warmer water 
needs to move to the 
sensor location

The warmer water 
needs to move to the 
sensor location

The mass of 
the sensor 
and well 
needs to 
change 
temperature

The mass of 
the sensor 
and well 
needs to 
change 
temperature
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Some Observations

Red to Black is the control system response with 
increasing gains applied to the controller until the 
natural period is identified
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Some Observations

Apparent dead time (Lag; L)

Natural period PN
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Some Observations

1 2 3 4

The Natural Period is about 4 times the Apparent Dead Time
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Some Observations

The deviation from set point upon an upset with tightly tuned control 
loop (gray line) is about the same as a totally un-tuned loop (red 
line) at a point in time equal to about half the natural period
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Some Observations

A tightly tuned control loop (gray line) will take about twice the 
natural period to re-stabilize after an upset
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Lags;

The Bottom Line

1 2 3

Process upset occurs

Set Point 

Process Variable

If this 
breaks 
something, 
or …

… if this is too long, and …

10

… if this is less than twice the 
apparent dead time  …

… then you won’t be able to solve 
the problem with loop tuning until 
you get rid of some lags
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Getting Rid of Lags;
Sometimes It’s Easier than Others

Easier
1. Add positioning relays to 

valve and damper actuators
2. Install faster actuators 

(particularly applicable to 
electric actuators)

3. Reduce the thermal lag 
associated with wells by not 
using them

4. Use tighter linkages to 
minimize hysteresis

5. Use ramps instead of 
acceleration and deceleration 
times  in VFDs

Harder
1. Reducing transportation times
2. Reducing the thermal lags 

associated with the size of the 
machinery (mass of coils, 
fans, duct, pipe, etc.)
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A Bit More About Ramps
Acceleration and 
Deceleration times
Apply all of the time, any time there is 
a change in the process

1. An acceleration setting of, for 
example, 1hz/second will always 
apply regardless of if the 
difference between set point and 
control point was because of a 
start-up or step change in set 
point vs. minor variations in the 
control point relative to set point

2. This introduces a permanent lag 
into the control process with the 
associated implications for tuning 
the process

Ramps

Only apply when the set point is 
outside some window relative to the 
control point
1. Ramps will only apply if the 

difference between the set point 
and control point is large (outside 
of some predefined window)

2. If the set point and control point 
are inside the window, then the lag 
associated with the ramp drops 
out of the picture

3. As a result, the response to a 
minor variation in set point is 
much faster than the response to 
a step change (start up or set 
point change
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An Air Handling System Example
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TFzT

VFD

T H

TH

VFD

Dampers Move

Air Has 
to Mix

Mass of the 
Equipment 

Modifies the Real 
Temperature

Air Must 
Move to 

the Sensor

Sensor 
Reaction 

Time

Control 
Process 
Reaction 

Time

Pneumatic 
tubing lags

Actuator 
Motion

Linkage 
Motion
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