Distillation Column is a 2 x 2 Multivariable Challenge
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1 control station

Control Loop Interaction

These boxes represent
the controller interaction |
that occurs
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Solution.... Decouplers!!!

@ Act kind of like a feed-forward controller
@ Model what the interaction will be, and compensate

= Treat the bottom composition as a disturbance with a
feedforward loop to the top controller

= Treat the top composition as a disturbance with a
feedforward loop to the bottom controller
@ Remember that a feedforward controller has the
form:
= GFF = - Gdlst/Gprocess
@ So the decoupler transfer functions become:

* Diop decoupter = = Gra(8)/Grr(S) Gy is response of top composition
= Dyottom decoupter = ~ Gpr(S)/Ggg(S) | to change in bottoms controller, etc.

5 control station

Results of Open-Loop Step Tests on Top and Bottom |
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Figure 20.4 - Open loap step tests on the distillation column's fop and botiom controller
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Using PI Controllers for Top and Bottom

‘ Set point change from 92 to 94% benzene in top ‘
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Figure 208 - Top and bottom loop fight each other, thus degrading set point tracking
perfarmance af top loap "
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Decoupling Structure |

6 control station




Decouplers are Feed Forward Controllers

@ A decoupler is comprised of a process model and a cross-loop
disturbance model:

= The cross-loop disturbance model receives the cross-loop
controller signal and predicts an “impact profile,” or when and
by how much the process variable will be impacted

= Given this predicted sequence of disruption, the process
model then back calculates a series of control actions that
exactly counteract the cross-loop disturbance as it arrives so
the measured process variable remains constant at set point

# A new sensor is not needed because the cross-loop controller
signal is readily available for use by the decoupler

@ Developing and programming the dynamic process and cross-loop
disturbance models is required for implementation
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Tuning Procedure

s Get process responses to top and bottom controllers
in open-loop mode
= Do a pulse, not a doublet, to get highest K,
(and hence lowest K) for top and for bottom
= Fit FOPDT models to:
GTT (top response to change in top controller output)
GBB (bottom response to change in bottom controller output)
GTB (top response to change in bottom controller output)
GBT (bottom response to change in top controller output)
e Get Pl Controller parameters from IMC correlation

@ Put in FOPDT parameters for Gy, Ggg, Gz, and Ggp
into decouplers

= Ggr goes into bottom decoupler
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Improved Performance with Decouplers
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Subtle Problem

o Kp g = -0.22 %/%
8 Kpgr = 0.24 %/%

e If the disturbance gain is greater than the process
gain, things don’t work well!

Final Result
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e Solution:
s Set | Kpgr| = | Kogg | OF Kpgr = 0.22 %/%
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Conclusion

@ With just 2 controllers, controller interaction was
significant!!
= Decouplers used, but somewhat complicated

@ Imagine what will happen with multiple controllers!

@ Specialists needed in this areal!!
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