Control Using Two
Manipulated Inputs

©2_006 Fisher-Rosemount Systems, Inc. Process Control
Slide 10-1 Control Using Two Manipulated Input



Control Using Two Manipulated Parameters

Two(2) Manipulated
One(1) Controlled Parameters

Parameter
~ /

— Controller+>

SP—

Process
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Under specified
problem that has
multiple solutions for
unlimited operation.

Extra degree of
freedom Is used to
achieve unique
solution that satisfied
specific control
objective.

Most common
techniques are: split
range, valve position,
and ratio control
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Basis — Split Range

In some cases,
two or more
Inputs to the
process are used
as one input.

The inputs to the

‘[/. process are
______________ , L maintained in a

X . ) fixed relationship
5 Process as determined by
R a splitter station
X g characterization
and station
setpoint.
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Steam Header Example

1475# Header

o

Turbo
@ Generator

104

400# Header
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Split Range Output (FY104) - Capacity

100-

Valve
Position

0
(% of Span) e \/alve 104A

== \alve 104B

0 100
P1C104 Output (% of Span)
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Calculating Splitter SP Ranges

Example: Steam flow to Header, splitter
Interfacing directly to PRV’s, no overlap

Valve 1 rating = 50kph
Valve?2 rating = 150kph

Desired Splitter Span valve 1 =
100*(50/(150+50)) = 25%

SP range for valve 1 = 0-25%
SP range for valve 2 = 25-100%

©2006 Fisher-Rosemount Systems, Inc.
Slide 10-6

A 1% change in controller
output to the splitter should
have the same impact on
control parameter when
operating with either valve.

When manipulating the same
or similar material e.g. steam
flow to header, then the range
may be calculated based on
valve rating.

Tests may be performed to
determine impact of each valve
on the controlled parameter.
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Example - Split Range Control

Temperature
control using
@ cooling and
1 heating

!
| | Valves are

seguenced in a
fixed
relationship to
the
temperature
controller
output
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Split Range Output (FY104)

Valve

10

Position

(% of Span)

== Cooling (IP104B)

=== Heating (IP104A)

0 100
TIC104 Output (% of Span)
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Testing Process to Determine
Splitter SP Ranges
_ _ With the process at
Example: Temperature controlled using heating steady state and AO’s
- in Auto mode,
and cooling valves determine the
~ magnitude of change
fFO”tm”eg in the c:cgntriplled1 J
emperature arameter for a
P /Tl.ldegF \LZ.ZdegF Bercent change in each
valve.
Calculate the splitter
Heating 1% SP span and range for
_ each output based on
Cooling 1% the observed response
—_—
Time
Desired Splitter Span cooling valve =
100*%(2.2/(1.1+2.2)) = 66%
SP range for cooling valve = 0-66%
SP range for heating valve = 66-100%
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Split Range Control in DeltaV

Splitter bock is used
to implement split
range control.

Split range control

H ] CAL Ol
_|SMRATE N O = \:;: - | | CASIN  OUT .
1AL N O FE_ T
- =" enar | IS most often
SIMULATE_IN | [ casm our 1

i~ — JT implemented using

N AO blocks for direct

I
: 01 .
| R Interface to valves.
| # _]l
e . B
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Splitter Block Calculation

CAS N

BKCAL IN_1

BKCAL N 2

-l\:_y Setpoint ‘

Setpoint | sp WRI<
i FHate =
[1—so) [ |G ISP 3 imiting
[
| _ &
| | SP_RATE DN | IN_ARRAY
| | SP_RATE UP | OUT_ARRAY
: I LOC kAL
——— MODE -1 ¥ ¥
o Calculate 'D
Shedj o Dutput
™ Mode
L L 4
[1] » Balance
Cutput
AL TIME _|_' +
Balance
[ & o COutput
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Bl AL_OLUT

OUT 1

OUT 2
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Splitter Block

— OUT 1
100 7
— OUT_2 OUT ARRAY
0100 O 100
IN ARRAY
0100 0100
0
100 |
100 OUT ARRAY
1000 O 100
IN ARRAY
040 35100
0
b 100 |
1007 {s
LOCK_VAL “holds” OUT ARRAY
0100 O 100
IN ARRAY
0 LrLOCK_VAL “iszero” 040 35100
0 ) 100 |
sP—
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IN ARRAY Parameter

IN_ARRAY Properties

Farameter narne:

Parameter bype:

Parameter category:

SP range
associated
with OUT1

Froperties

Walues:

SP range

| il ]
| B2 20

‘/ associated
. with OUT2

|| Dimehzions. .

IIIIIIIII

The SP range
associated with each
output is defined by
IN_ARRAY.

SP range of outputs
may be defined to
overlap

The SP upper end of
range must be greater
that lower end of range
for each output
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OUT ARRAY Parameter

IN_ARRAY Pronertiac

Parameter name:

OUT_ARRAY Properties

Parameter name:
T

Parameter type:

Parameter category:

Froperties
Walues:
E

Parameter type:

Farameter categon:

OUT1 Range for
associated SP range

[ 15¢]

K.
Cancel

Eilter...

Dimengions. .

When SP is outside
defined range, then
the value at the end
of range is used to
determine the output.

LOCKVAL
determines if OUT1
value is held if SP is
greater that the upper
end of range defined
for OUTL1.

No restrictions are
placed on the output
range.
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Example - Neutralizer

Reagent Coarse
Valve

5_
Q_.

v

— @
’_ AT
105
Discharge
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Split

Range Output — Valve Sequencing

100-

Valve
Position
(% of Span)

HYSTVAL

- Fine Valve (IP105B)

=== Coarse Valve (IP105A)

0 100
AIC105 Output (% of Span)
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Split-range Control Workshop

COOLER

HEATER
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Split-range Control Workshop

Step 1. Open the EXAMPLE_G module and go to on-line
operation in Control Studio. Change the mode of the
Splitter block to Auto.

Step 2. Change the splitter SP (setpoint) over the following range
- 0, 25, 50, 75, 100 - and observe the change in the
valves and process outlet temperature.

Step 3. Change the splitter SP (setpoint) to 50 and wait until the
temperature settles to a fixed value.

Step 4. Make a step change in the FEED_TEMP disturbance and
manually adjust the splitter setpoint to get the
OUT _TEMP back to its initial value.

Step 5. Change the splitter mode to Cascade, change the
temperature control setpoint and observe the response.
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EXAMPLE G - Split Range

e ”1|
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Valve Position Control

pH Example

/l\
AlIC
» |P

eS| 06s)
Fine Valve

(zc\ [P
—\106/ \1068 AT
SP= 106

Target  |-Only - Process
valve  Controller ATD) R
Position Coarse
Valve
/\\ pH

Fine Valve

S

Coarse Valve

»
»
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PID control is
Implemented using the
actuator with finer
resolution or fastest
Impact on controlled
parameter

The actuator with

coarse resolution or
slower impact on the
controlled parameter is
adjusted by an I-only
controller to maintain the
long term output of the
PID controller at a given
target

Target Valve
Position
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Example -Boiler BTU Demand

BTU Demand

FT
09

HI BTU Fuel

ZC IP
109 09B
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<
Low BTU — Waste Fuel

Boiler
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Example —Reformer Air Demand

Total Air
ZC FIC Demand
110 110
el Secondary
| Reformer
Air
Machine
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Valve Position Control in DeltaV
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The OUT of
the PID used
for control is
wired to IN on
the PID block
used for |-
Only
regulation of
slower
responding or
coarse
resolution.
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Configuring PID for I-Only Control

GAIN Properties

Farameter name:
Parameter bppe:

Farameter categany;

Properties

Walue:

n ©

STRUCTURE Properties

Parameter name;
:

Farameter type:

P arameter categon:

Froperties

Mamed zet;

M amed state:

[ I action an eror, D action on P

?X

FID action on errar
Pl action on error, D action on P
| action on eror, PO action on P
PD action an errar

P action on ermar, O action on PY
|0 action on error

| action an eror, [ action an Py
Two Degrees of Freedom Controller

The STRUCTURE
parameter should be
configured for “| action
on Error, D action on
PV”

The GAIN should be
set to 1 to allow normal
tuning of RESET (even
though proportional
action is not
implemented.

RESET should be set
significantly slower
than that the product of
the PID gain and reset
time used for control
e.g. 5X slower
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Valve Position Control Workshop

. Small
Eﬁ E Valve
Big Valve
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Valve Position Control Workshop

Step 1. Open the EXAMPLE_H module and go to on-line
operation in Control Studio. Change the mode of the flow
controller to Auto.

Step 2. Change the flow control SP (setpoint) over the following
range — 40, 50, 60 - and observe the change in the two

outputs.

Why Is the small valve maintained at 50%7?

Step 3. Change the SP of the valve position controller and
observe the response.
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Example H — Valve Position Control

| T T g T T T T T T T T T T | k
| | RIDH ] AD |
| Al | e A0 | PROCESS B
| Al m L=, our (=, (=81 | Lk FOAW WALWE CIE_FLOAWW J
—H EIMLATE M OUT FF_WAL BHCAL ST === —’J —H H_FLOW WALNE
#1 ﬁ—r N #3 #ii
EINLLATE IN Low capacity alve
RN O
THE, WAL
#1 c en =
| PIDZ )] |
I‘*— —H [ Bweu N BHCAL Ut A0 |
L=, our TTE |
FF_WAL (=, (=81
—H N BHCAL ST :'_
EIMLLATE IM #5
e High capacity “alve
THE, WAL
#4
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Basis — Ratio Control

Input = SP or PV
of independent

_.%}

SP= (Ratio * Indep Loop Input)
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To fully automate a large process, it
IS often necessary to provide
coordinated adjustment of multiple
loops.

The technique of ratioing control
loops is an effective way to provide
this coordination.

Ratio station is used to specify ratio
and to calculate setpoint of the
dependent loop.

Ratioing based on the independent
loop setpoint provides a noise free
remote setpoint but will be incorrect
If the independent loop can not
maintain its setpoint

Process Control
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Example — Reactor Feed Ratio Control

Catalyst flow
must be
maintained In
correct
roportion to

. sg atalyst ?hel?eed flow for

N2 Reactor correct reactor
operation and

: ; final product.

Ratio control

S automatically

v

N e provides the
correct
proportion of
catalyst to feed.
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Automatic Ratio Adjustment

A process output that
Indicates the impact of

o N T the ratio of process
i = ; Inputs may be
— »@ ——— | ma_lintained at target by
@ %} ; using feedback to
X ! adjust the ratio target
; To the feedback
. @ control, the ratio station
@ L":\l/ and associated flow
7 loops are considered to

be part of the process
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Example — Slaker Control

Effective Alkali.
EA, is
maintained at
target though
the adjustment
of lime to green
liquor flow ratio.

As green liquor

| feed is

; iIncreased, then

: - lime flow is
) Conductivity automatic_:ally
v Increase in a
proportion to
maintain the
target EA.
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Ratio Control in DeltaV

Wildd Flowy

. o @ The Ratio block is
N used to implement
T : e ratio control.
I e IN_1 may be a
| |l " flow measurement
I (wild flow) or
| e | setpoint of another
 ow : | loop
Al E_ | A 20 | .
e T | The true ratio is
= | calculated base on
me "k IN_1 and IN and

reflected in the
ratio block PV.
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Ratio Block Function

CONTROL_OFTS
STATUS OPTS

——
BRCAL_IM D = ] = Ay i
o Mlod
|:|J PR } o[ BKCAL OUT
TRI_IN_D : Operatar :
Operatar : GAIN Setpnlnt}
Setpoint : 1
Setpoint Rsfis
[1—- Limiting | | Control Qutedt LY out
— ] g
CASIN R .
SP_H_LIM 2 F
SP_LO_LIm OUT_HI_LIn
SP_RATE DN OUT L LIM
SFRATE UP OUT SCALE
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==
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—m P
!
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HI_ LI
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Ratio Control Workshop

i i
)4 ‘g )
. % Solids
)
1-1

v

Y Static Mixer

Blend Flow
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Ratio Control Workshop

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Open the EXAMPLE | CNT module and go to on-line operation
in Control Studio. Change the mode of the Ratio block to Auto.

Change the Ratio SP (setpoint) over the following range — 0.3,
0.5, 0.8 - and observe the change in the blend flow and the
process outlet concentration. Set the Ratio SP to 0.5 percent
and wait for the concentration to settle to a steady value.

Make a step change in the FEED and observe the way the ratio
changes the dependent loop. Did the concentration change?

Change the ratio block to Cascade mode. Change the setpoint
of the analytical loop to 40% and observe the impact on the ratio
setpoint. Does the measured concentration reach setpoint?

Open the EXAMPLE_| PROC module and examine the process
simulation used in this workshop.

Question: What are the advantages of structuring the process simulation as a
separate module? What are the disadvantages of this approach?
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EXAMPLE | CNT
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UL ATE B THH_ih
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EXAMPLE |

PROC

MAIN_VALVE
EXAMP LE_LLCNTIAD 122P

MUAIN_FLOW Fe

EXAMPLE_|LCNTIANSHMULATE_IN

MAIN_S0LIDE o tMETH: o
LTl s - |
Nt (= 1)) =

PLE_I_CHNTIARZMULATE_IN

LA FLIORY + [
#1 -]
ADD
ADDZ E
[ (=T
—t— & BLEND_FLW
' BLEND_VALVE EXAMP LE_I_C NTIAZ=MU LATE_IN i
L]
EXAMP LE_|_C NTIAD ISP T
BLEND_SOLIDS |_ Mtz g
BLEND_FLOW [ Wi et —
WA FLOAY f [ W
Lkl 13
ADD
AOD E
e it o
— h
ERRORA l— A w
s
FRODUGT_SOLIDS
FLTR
FLTRI1
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Pl

Produc| % Sollds
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