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Example Process
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Optimization Principles and Procedures

• Fast loops must be tuned first
- Always!  No exceptions
- Pressure and flows tested as non-interacting (SISO)

P d fl t t d f i t ti (MIMO)- Pressure and flows tested for interaction (MIMO)
- De-tuned if possible to break the interaction
- Decoupled if de tuning is not acceptable- Decoupled if de-tuning is not acceptable

• Slow loops will be tuned last
- Temperature and the DisturbanceTemperature and the Disturbance

• Tested for feedforward
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FeedForward Control Background/Theory

Process Test Theory: Place control loop 
in manual, step output, 
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FeedForward Control Background/Theory

• Compensator derived from models
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Decoupling Control Background/Theory

• Decoupler derived from models

Process Process
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Testing and Tuning Interacting Loops as Non-
Interacting (SISO)Interacting (SISO)

Response to a 
SP Change

PID Tuning 
Values

Response to a 
SP Change
Response to a 
SP Change

FIC101
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models
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models
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Results: Tuning Interacting Loops as Non-
I t tiInteracting

FIC101

FIC102

PIC104
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De-Tuning the Loops to Reduce Interaction
Very interactive 
with PIC104; 
tune it 3x slower

FIC101FIC101

This must be 
slower than 
PIC104 FIC102

The pressure 
must be fast but 
little overshootlittle overshoot

PIC104
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Results: Detuning to Break the Interaction
SP steps for 
FIC101

SP steps forSP steps for 
FIC102

The pressure is fast; it can 
compensate for flow movement.  
This mostly keeps the flows from 
interacting with each other

SP steps for 
PIC104
SP steps for 
PIC104
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MIMO Closed Loop Testing: New Tool

SP Test PV
w/’Dither’ FIC101

FIC102

PIC104
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MIMO Models: New Tool
Thi d l hThi d l h This model shows 
us how PIC104.OP 
affects FIC102.PV

This model shows 
us how FIC102.OP 
affects FIC102.PV
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Decoupler Calculation
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Implementing the Decoupler
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Results with Decoupler

No decoupling No decoupling
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The Feedforward Solution

Hot Oil Cold Oil (Disturbance)W2W1
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Modeling the Disturbance and Process: New Tool

Testing TIC103 TIC103

The disturbance is 
ongoing, and causes 
TIC103 to move as 
much as +4 oC

The disturbance is 
ongoing, and causes 
TIC103 to move as 
much as +4 8 oFmuch as +4 C

FIT106
much as +4.8 F
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Process and Disturbance Model for Feedforward 
SolutionSolution

Process Model
TIC103 

‘Disturbance’ Model
FIT106.PV 

1st order 
model

This model shows 
us how FIT106.PV 
affects TIC103.PV

Note: this gain is 
negative.  As the 
cold oil flow 
decreases, the 
temperature rises
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Implementing the Feedforward Solution
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Results: With Feedforward

TIC103
No feedforward Feedforward on

+/- 0.15 oF

LIC101

FIT106.PV
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PIC104
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Major 
disturbance

PaperCon 2011  Page 1749



Conclusions

• Interacting loops and disturbances negatively 
i timpact your process

• Implementing Feedforward and Decoupling has 
been difficult in the pastbeen difficult in the past
- Step testing the process as in theory is not practical

• New Tools• New Tools
- Make it possible to utilize the decoupling and feedfoward 

capability in your DCS or PLC
- This can be done with minimal disruption to your process
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