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Example Process

Cold Oill (Disturbance)

@ TIC103

The key process
variables are
outlet
temperature and
Flow

@ FIT106 : :
Thisflowis a
major
PIC104 disturbance
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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)
- Pressure and flows tested for interaction (MIMO)
- De-tuned if possible to break the interaction
- Decoupled if de-tuning is not acceptable
* Slow loops will be tuned last

- Temperature and the Disturbance
* Tested for feedforward
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FeedForward Control Background/Theory

_____________________________________________________

Process Test L 01 b 0 r 1t | Theory: Place control loop
e ——————— | in manual, step output,
i b b 4 H | and find the process
| model.

Theory: With control loop in |..i.¢
manual, step disturbance, |
and find the disturbance
model.
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FeedForward Control Background/Theory

* Compensator derived from models

Process | Disturbance Compensator
Model Model OMpensato
G ACO
Gain G, Gy | Y5 |7
0 AD
Time
Cor T o lead T, lag 7,
Dead
Tire tap L Lag —Lgp
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Decoupling Control Background/Theory

® Decoupler derived from models

Process
Process
2 Effecton Decoupler
1 Model
Process1
G ACO
Gain G u Gpz || —P12 6 |= 1
i1 | ACO,
Time
constant | 1 T lead Tu lag 712
Dead
Time ta11 ta12 t,, —t
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Testing and Tuning Interacting Loops as Non-

Interacting (SISO)

PID Tuning

Response to a
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First order model Vodel Step Rezponze Tuning Parameters Clozed-Loop Step Response -Loop Load Rezponze Robustnes:
Fodel Parameters 1St Order Tekls . } 2
[ Tune far load - | 1.8
5 15 —— 1 models Fl only .' e
o _ 0| |
g 4575+ 1 0.8 -~ | e
= o4 | '
g Del 3[s] o, Fecommended Current [ FIC102 o
elay = s .
. i o kp |05t6 oz||
an= S8R S8 88 88 g0 oLl = "—r = = =»
Scaled Gain= 0.904 Kdjs] [0 SERRBSESRERESRE EEREREERE [EI =T
Time Constant= 4.57 Seconds g 01
7/ - Seconds Seconds Seconds
— 1/ /A
First order model kfodel Step Responsze Tuning Parameters Clozed-Loop Step Response Clozed-Loop Load Rezponze Robustnes:
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Loops as Non-

ing

Interact

Tuning

Results

Interacting
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Unit1. FIC1 01

Unit1. FICT02

Unit1.PICT04

De-Tuning the Loops to Reduce Interaction

Very interactive

First arder mode| Wlth P I C104’ Tuning Parameters Cloged-Loop Step Responze Clozed-Loop Load Rezponze Robustness
Mogel Parametef tUNE 1T 3X SlOWer NNGE . i . 2
A [ Ture for load . ael ! 1.6 FIClOl
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Delay = 4 [s] il Recommended Current e vs e
Gai Y £ 06 oL K |0324 0.1 05 —
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Maodel Parameters 1 Tek|10 R 2
little overshoot N o : — : S
el § [ Ture for load - oo || 1.6 PIC104
-0.065 o |l Fl anly { 12
\ o.el | poz ||
h2hs+1 -0.04 - f e
-0.05 a4 | £.03
Delay = 1 - Fecommended Current | -
G?ay_UUB[Z] n.n;v _ K 17018 o o _
ain = U o | e
_ S F ¢ £ 8 8§ 8 € B0 ol bos o -
Scaled Gain = 0.032 T T T nzmifo ° & 28 8 88 ¥ 8] ° 8% ¥ 8 8 8 8 8 8 B g & 8 5 -
Time Constant = 5.26 Seconds a 0 T T T T T T
- Seconds Seconds Seconds

i
AA TTAPPI

= LAAS

PaperCon 20

PaperCon 2011 Page 1738



Results: Detuning to Break the Interaction

SP steps for

F I C 10 1 tarting 16:19:!
_ EA‘ PV (3 16:19:58)
B & & @ @ SP steps for @ @ @ @ & & & &
FIC102 P4 [Starting 16:19:58)
—
1111111 ,—____-‘
g 5555555 |
2 —— S — _
LI The pressure is fast; it can
2| compensate for flow movement. g i |l gp steps for
— —| This mostly keeps the flows from = = = = = PIC104 =
& = O P [Starting 16:19:58)
___| interacting with each other —
7 — — —
- " [ '
§ 999999 _ — | R | \
| ss.3ss | _

U
L
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MIMO Closed Loop Testing: New Tool

P [Startin g 13:07:39)
SP Test A g |
| w0 w/'Dither’ e JA:{“ y1 w bl F W ) q H’” ) ,.} u' ' u A ]/ A N FIC101
= [ Wi A% ML' s mlau WML W/ 1 R N N A
B P [Starting 13:07:39)
. 12?522 HJ 1 F m HN r1 PN w Jh J Wﬂ! M M—ﬂi W W'H ) FIC102
- I b IW JMW Jf Y M Hi WUV
e e g 13:07:349)
2 Z:: ]M | F ’1" ‘ h H “ ”" "I/“//L/EWLVM 11 f\fl PIC104
(|- |
e l‘ w ‘%ﬂ JJ M m‘ H U ‘} il |
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MIMO Models:

Urit1 FIC101.0P

New Tool

Unit1. FICT0Z.0P

First order mode!

First arder model

This model shows
us how FIC102.0P
affects FIC102.PV

This model shows
us how PIC104.0P
affects FIC102.PV

First order model

IMadel Parameters hodel Pararmeters J :
I
f |
i |
= b.06 0111 5-0.334 I
5 e e I I
2 675s+1 101" +656s+1 I I
£ I I
Delay = 4[s] Delay = 3 [s] I Delay=2] :
Gain = 5.06 Gain = 0.334 I Gain= 0.34 i
Scaled Gain= 0.843 Scaled Gain = 0.056 : Scaled Gain= 0) ]
Time Congtant= 6.75 Time Constant= 3.18 Time Caonstant = |

1

First order model

First arder model

First order model

\

Scaled Gain= 0.283
Time Constant= 422

Scaled Gain= 0893
Time Constant= 4.84

Scaled Gain= 0.094
Tirme Constant= 4.72

Model Parameters : hodel Pararmeters 1 Model Parameters :

I
= 1 f |
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= 1 |
= 17.85°+ 6365 +1 1 4845+ 1 : 4725+1 I
2 I I |
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1 f 1
1 |
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First order model

First order model
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. : 1 1
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= 1 1
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Decoupler Calculation

FIC102.0P

Firzt order model

FIC102.PV

hodel Parameters

1.79
4845+

Delay = 2 [s]
Gain= 174
Scaled Gain = 0.893
Tirne Constant = 4.84

o3 % PV (FIC102)
9% CO(FIC102) |

% PV (FIC102)
% CO(PIC104)

PIC104.0P | _0.094

hodel Parameters

. -0.187
Note - sign T

Delay =1[s]
Gain= 0187
Scaled Gain= 0.094
Time Constant= 472

0,004 % PV (FIC102)
5 %CO(PICL04) _ . %CO(FIC102)
% o3 P PV(FIC102) ™ %CO(PIC104)

9%CO(FIC102)
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Implementing the Decoupler

Hot Oil Cold Oil (Disturbance)
% [ @ FIT106

PIC104

0.10526 % FIC102.CO @@

% P1C104.CO
FIC102
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Results with Decoupler

No decoupling

Unit1. FIC1 01

.

P [Starting 19:53:33)

| No decoupling

Unit1. FIC102

Unit1.PICT04
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300,764 . _ FIC101
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230,764 oy £y oy o Lol oy oy oy
o o1 o o) bt o i o
| u w - oo o (=] — u
H u uw uw uw [Fed = = . =
No decoupling 2 2 2 2 2 8 8 Decoupling On 8
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e 3 3 3 3 3 3 3 3 3 3
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S \ 17
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oy oy oy oy oy o) ol o) oy oy oy oy oy
oy =t uw w el o o [=] — o™ L) =+ uw
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The Feedforward Solution

M
Hot Oil w; W, Cold OIl (Disturbance)

% y 13 L W3, @ Thisflowis a
! major
PIC104 disturbance
| o T (T el B
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Modeling the Disturbance and Process: New Tool

P [Starting 10:56:37)

Testing TIC103 ne1os
- T v IRl “'L/\
g 150.203-/\ ‘ h I \
6:203 I hl rll HH l‘ r l ' L LH ] /
—{ The disturbance is
g — ongoing, and causes .
g g B TIC103 to move as
| much as +4.8 °F
FIT106

~ 7
.-""f \/\ W\f m ,’f \\\‘ . /\M

Unit1.FIT106.PY
-

11:14:35
11:17:35
11:41:35
11:44:35

:W“ |
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Process and Disturbance Model for Feedforward
Solution

Unit]. TICI03.0P

Lnit].FIT106. P

First order model

First arder model

Unit1. TICT03.PY

Process Model

Model Parameters

TIC103

1.08
43935+ 1

‘Disturbance’ Model

hodel Parameters

FIT106.PV

-0.273
4398s+1

Note: this gain is
negative. As the

This model shows
us how FIT106.PV

1t order cold oil flow affects TIC103.PV
model decreases, the
temperature rises
. 0 P 0
cr 0273 °F/lbm/min FIT106 _ .0 %CO(TIC103)
SS 1.08 °F/%CO TIC103 lbm / min(FIT106)
AA TAPPI PaperCon 20l
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Implementing the Feedforward Solution

W, Cold Oil (Disturbance)

|, @ FIT106
. PIC104
) R
(pv)---7--(p0) @ FIC101
0® @8
W_4Q é_@ W6
% TIC103.CO :
0.2535 _ -
Ibm /min FIC106.PV @@ W
FIC102
AA TApP| PaperCon 0
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Results: With Feedforward

No feedforward Feedforward on

P [Starting 09:19:45) 7 TIC103
152,384 \ //
151,354 .
2 L +/- 0.15 °F
O|| tsoeee| S o { AN
= o : L e - ~
= 149,284
=y
=
142,284
|
o — o u Ly o — o u Ly o — o u = o — o u = o — o u = o — o
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o o o o (=] [=) = [=) [=) — — — — — o o™ o™ o™ o™ Lar) L) L) o o =+ =+ =+ -t
=] =] =] =] - - - - - — — — — — - - - - - - - - - - - - - -
P [Starting 09:19:45) LIClOl
£8.72 P,
_|| ervz / / /
=
: AWA \TNVAYY f\ /\ Y]
Sl ez .J'/\ AV AP o { P 'II ;(\V ,\U.f A / ~ SN A IN\ ful J f"lu/x A |/ J f\wll f{\ _}'\l \/’“\ Ia%3
— J ! .
- VAR AARAY A RAAS AN N0 AT VAR AR WA T/ AR REATERY Y Y
= £5.72 | /
E4.72
]
63I?2LD u L u u u u L u u u u L u u u u L u u u u L u u u u L
=} - o 1 = @ - o 1 [ @ - o 1 = @ - o 1 = @ - o 1 [ @ - o
- ] = ] =1 - o =+ o =1 - o =+ Ty =1 - o -+ Ty =1 - o =+ ] =1 - o -+
o o o o [=) [=) [=) =] [=) — — — — — o™ o™ o™ o o™ L) L) L) o L) =+ =+ =+ -t
=] =] =1 =] - - - - - — — — — — - - - - - - - - - - - - - -
P [Startimg 09:19:45)
FIT106.PV
222,421
202,431 \/\/‘
182,431
w
S| 1ez4m1
=
o 142,421
E 122,431
102,431
22,421
62I431LD u u u L u u u u u A u u u u L u u u u L :
w w w w u w w w w N\ Major Im/u/:r/v =+ =+ =+ ~+ =+ -+ =+ =+ -+
o — o u [y o — o u = o — o u = o — oy u = o — o
s o = L =2 - o = ] 2 - I~ o = L = - 0 e n = . o =+
z z z 3 2 B e e e - - dlsturbance ™ o o o o o o i o s = = s
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Conclusions

* Interacting loops and disturbances negatively
Impact your process

* Implementing Feedforward and Decoupling has
been difficult in the past

- Step testing the process as in theory is not practical
* 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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