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Introduction

A Provide additional information on useful features of
the DeltaV PID and related function blocks.

Discuss some common PID function block
parameters where the default values can cause poor
control.

>

Provide examples of the use of these features.

>

Notei nBOLO i s DeltaV Books o0
embedded, electronic DeltaV documentation)
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Topics

A PID Form A Gain Scheduler
A PID Structure A Non-linear Gain
A Integral Dead Band A Output
i SP Filter/Rate of Characterization (to

Change Valve)
i SP Limits A Anti-Reset Windup
A Cascade Features L'm'tS_

A Questions
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PID DrofmFor mo

A Three Common PID Forms
I Parallel Form
I Standard, aka ISA Form,
I Series, aka Classical Form.
A DeltaV has Choices
i Standard (default)

I Series
s



PID DrorminF eRIDWainction Block

ADel taV def aul t ] S NSt an

ANote that 1 f you choose
FRSPID_ OPTS then the FORM becomes
NSt an dearedoo this later

FORM None Selects equation form (series or
standard). If Use Nonlinear Gain
Modification is selected Iin
FRSIPID_OPTS, the form
automatically becomes standard,
regardless of the configured
selection of FORM.

’ D EMERSON
Where | become . . Gm“‘

EXCHANGE



Standard Form of the PID Equation

Error = SP - PV TRS OUTPUT =P+ 1+D

P /
SP + PV

a@—» KC ¢ PROCESS |—e

— T s
D
: SR B
Where | become . USERS
EXCHANGE



Classical Form of the PID Equation

Error D

OUTPUT

/

PROCESS

PV
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PID D-ommFOGhoiok0 Chol ce

A Prior system experience
A Personal Preference for Standard or Series

A Series Is Identical to Standard form If
Derivative action is NOT used

A Can impact conversion of tuning constants
from previous control system
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Convert Series (Classical) to Standard

A Series Is identical to Standard form if Derivative
action iIs NOT used

A Tg should be time/rep & same time units as T,
A Be sure to convert units after form conversion

K - K * TR Series + TD Series
C Standard — C Series *
TR Series
Trstandard = TR series + TP series
*
T _ TR Series TD Series
D Standard —

( TR Series + TD Series)
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File Edit View Object Diagram Layout Tools Graphics ‘indow Help

D2Ha K W IR & IE=F-

= oo e m | @ !
o= [=RR= b & v N

N NPT

& 5
N OO G H ==
S PID-EIM
Simple PID loop
Thiz module iz intended to be used with input and o
Additionsl blocks may be added, 2.9, vwhen the cont
characterized o selected
T — ———-@m"
FID
| PID1 |
L BKCALIN BKCAL OUT
CAS_IN out
FF_UAL
—lm
| SIMULATE_IN
| TREIN_D
| TRE_VAL
#
|
el FIFTF Configuration Tips:
Alphabetic | Categorized
1) Select the PID block (PID ), they fitering to just "Guick ¢
Parameter Default Lii# o &5 needed
SIMULATE M © Tag for 10_IM, the cortrolled wz
=P - 0 ignal Tag for 10_OUT, the final contr
pically assigned to an Analog Output che
SP_FTIME 0 Uz Pulse Output channel on & Discrete Outpr
SP_HI_LIM 100 & other parameters that need to be configured, =
SP_LO_LIM 0 3) e are seven alarms configured for this module. Initially
P RATEDM 0 are enabled. These alarms may be dissbled or addtionsl &
- - Set the limit values for enabled alarms and maocify the priori
SPRATE P |0 4) Set module properties (FileProperties...):
SRRk 0 Type a description (up to 24 characters)
STATUS_OPTS  Mon-zero Set the Execution period based on process dynamics
STOEY i} Type the name of the primary cortrol display (without exter
STDEW_CAP 0 5} Modity the History Collection parameters as desired (FileH
TOEY_
STRUCTURE Two Degr
n Go
TRE_IN_D 0
TRE_SCALE 00to1000...
TRE_WAL 0
v
< > | Alarm wiord State Parameter Limit value
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STRUCTURE Properties

erk

Farameter hame:

Farameter type:

Farameter categorny:

Froperties

Mamed zet:

Marmed =tate:

Two Degrees of Freedom Controller w

FID action on error

| action on error, PO action an PAYWY
PO action on error
F action on error. [ action on PY

ID action on errar

| a-:tu:un on error, D an:tu:un =lg] P"'-.-"

Enahle \nver{ed Pnumy %P1 parameter

Fl action on error, D action on P"'-.-"<-_ Used mOSt-
Default




PID PBund¢tiomBlolck “Stnuctré”’ ParkmetferSt r u ¢

A SP Change on Reactor feed tank level: Pl on
error, D on PV

Controller Output T Flow to reactor

______________________________________________________________________________________________________________________________________________________________________________

Process: Integrator
Kp=-0.000122 %Span/Sec/%0ut, Td=92.0 Sec

KC=4.909 Gain, TR=6520 Sec/Rep




PID PBund¢tiomBlolck “Stnuctré”’ ParkmetferSt r u ¢

A SP Change on Reactor feed tank level: | on
error, PD on PV

Controller Output T Flow to reactor

llllllllll ut

Process:  Integrator
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PID Structure i- 2 Degrees of Freedom

A BETA - determines the degree of proportional action

that will be applied to SP changes.
I Range =0-1
I BETA=0 means no proportional action is applied to SP change.
I BETA=1 means full proportional action is applied to SP change.

A GAMMA - determines the degree of derivative

action that will be applied to SP changes.
I Range = 0-1
I GAMMA=0 means no derivative action applied to SP change.
I GAMMA=1 means full derivative action is applied to SP change.
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PID Structure - 2 Degrees of Freedom

i

89 4

a4 4

SP and PV
[y
()

62 4

a1 4

a0

TIME
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m—HETA=5 GAMMA=5
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Integral Dead Band

A IDEADBAND - When the error gets within
DEADBAND, the integral action stops. The
oroportional and derivative action continue.
Same Engineering Units as PV Scale

A May be used to reduce the movement of the
controller output when the error is less than
t he nl DEADBANDO. For e
controller that feeds the downstream unit.
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Set Points Filter/Rate of Change

A SP_FTIME - Time constant (seconds) of the first order SP

filker. The Set Point Filter applies in AUTO, CAS and
RCAS (not specified in BOL).

A SP_RATE_DN - Ramp rate at which downward setpoint

changes are acted on in Auto mode, in PV units per
second. If the ramp rate is set to 0.0, then the setpoint is
used immediately. For control blocks, rate limiting applies
only in Auto (not CAS or RCAS).

A SP_RATE_UP - Ramp rate at which upward setpoint

changes are acted on in Auto mode, in PV units per
second. If the ramp rate is set to 0.0, then the setpoint is
used immediately. For control blocks, rate limiting applies
only in Auto (not CAS or RCAS). P Emerson
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Set Point Limits

ASP H LIM-The hi ghest SP va
allowed.

ASP LOLIM-The | owest SP val
allowed.

A Control Options i allow you to specify if SP
LI mits to be obeyed 1In

ACan use AOutput LI mitso
cascade pair to limit SP to Slave loop ONLY
In CAS and RCAS

’ D EMERSON
Where | become ! . Gw“

EXCHANGE



Cascade Features

Column

Tray 6 / Master Loop aka Primary Loop

(ic
\32/ | RSP

. = S|ave Loop aka Secondary Loop

N ST
(X
Bottoms
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Cascade Features

A Mode tracking and bumpless transfers are
automatically provided through the BKCAL
feature

A Limited conditions in the Slave loop are taken
care of through the BKCAL feature

A Prevent reset windup with external reset by

selecting nNnDynamic Reset
~RSIPID_OPTS on the Master loop

AAhUse PV for BKCAL OUToO |
should be selected on Slave loop for use with
Dynamic Reset Limit in Master

EXCHANGE
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Enabling PID External Reset

= A Utilized most often
| = in the primary loop
e —=—1|  OFacascade
[Fs =] A Automatically
compensates for
poor secondary loop
e response

[1Use Delayed OUT on Bad PV
[JUse Nonlinear Gain Modification

" B EMERSON
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Gain Scheduler

A Proves up to 3 regions of different PID tuning
parameters based on a selected state variable
(output, PV, error, production rate, etc.)

A Provides a smooth transition between regions

A Create PID module using Module Templates:
Analog Control/PID_GAINSCHED

A OR, add function to existing PID module

I Expose Gain, Reset and Rate parameters on PID
function block

I Copy all function blocks from template except the
PID FB and link as needed. -
b e
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Gain Scheduler

Module Templates: Analog Control/PID_GAINSCHED

File Edit Yiew Object Applications Toalz Help
& Deltav_System v g A DD

All Containers [
H0eitay l
=@l Library |

# Device Definitions

#y Device Templates

Il FunctionBlockTemplates

W CompositeTemplates

= 4§ ModuleTemplates

=L AnalogContral
% CASCADE_MASTER
% CASCADE_SLAVE
% FF_PID_LOOP
&% FLC_LOCP
% MPC_LOOP
&% PID_DEADTIME /
% PID_GAINSCHED
% PID_LOOP
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Gain Scheduler
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Gain Scheduler i~ Detail Display

PID_GAINSCHED Module Detail Display (GS_DT)

The following figure shows the detail display in Delta Operate's run mode and describes the EENEEENETE parametars. In arder to minimize
controller CPLU loading, it takes about ten module scans to fully reflect the change of some of the canfiguration parameters. However, the actual
EME, RESET, and RATE are calculated and written ta the PID block every scan.

Detail
TIC-5206 A
PID with gain scheduling
Lz = B Fricrity Erab Supp
Hi Hi Lirn [0 Hi Hi Ermcer - L1 L[]
Hi Lim 3.0 Hi FenRHING =1 [
Dev Hi Lim [ Dew Hi sovisoRY L L
Oew Lo Lim [T1] Dew Lo aovisoRY [ [
Lo Lim 50 Lo WARHING [« [<]
Lo Lo Lim [ oo Lo Lo CRITICAL . [ [
Ot Hi Lim T00.0 [ FwE=a  [CRITICAL |
Ot Lo Lim 0.0 [ Frioritw 8dj  [0.0
SF Hi Lim [Aoo.a . L . Bo
|5F Lo Lim [~ 00 Diarriwztics
Mrn Hysteresis [ 0.5 94
= : MERROR IMST.“.TLISI BLDEH_ERHI
G I N M ]
Sim Enable ] Module OF
Sirm 'Yalue 575 % Running Clear EerrI
Field Walue o7 @ In Service
Tuiriire) The parameter to use as
P\ Filter TC o = the reference variable:
SF Filter T oo =
AT = P, QUT, or Auxar.
EF Rate Up 0.0 Els
The current value of
e Fre #Te[e - the reference variahle
i) Sinpyaalualing
Regiond RegionZ Regiond Current Reference P Rat The value of LIMIT1;
Gain 180 [0 [Ceqn 1oz Fefvalue o the houndary between
Reszet 1250 | A00.10 | q0.0 I 97 .2 = Limnit F=-F2 ?5:0 Hegiﬂrﬂ and REgiDnZ.
Fate o0 T zon Moo FA9s s o snu‘]
T T T * o ———The value of LIMITZ; the

1 b
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FRSIPID OPTS: Non-linear Gain

2| x|
A Modifies the proportional — feereezne oX

I.’-'F: SIPID_OPTS

Gain as a function of the oo .
diiid i - Eiltr...

error (PV-SP)

A Can be used to make
the tuning more |
aggressive as the PV is o

& |Dynamic Reset Limit

farther from the set point i Do DU o7 B9
P |

ACan create t
sqguaredo PI D
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FRSIPID OPTS: Non-linear Gain

The standard form is a discrete implementation of;

OUT(s) = +GADT, o| BT e P(s)eTys . Efs) | Dis)eTys8Tys +L[sj—P(s}+F{5)
N S (Tes+1) (Ts+1)] (Tys +1@Tys +1)]  (T,e +1)
The PI1 D Gai n I's multiplied by K|

and 1 as a function of the error (SP-PV).

Knl

Knl=NL_MINMOD

.= PV-SP

NL_GAP {NL_HYST |
—p——>
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FRSIPID OPTS: Non-linear Gain

A~

A

>

>

>

The PI D nGaino is multiopl:]
value between 0 and 1 as a function of the error

| typically set NL_ HYST =0

Be aware that using this feature on an integrating

process, like levels, can cause oscillations at the

reduced gain. For these applications, the reset time
Sshould be based on nGail n* MI
In a larger reset time to prevent oscillations.

For this affect on integrating processes, consider
using the Gain Scheduler
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FRSIPID OPTS: Non-linear earr “ErGad n

ARARError squar eideror@8ds(Brrof) unct i ol
A Proportional = error*abs(error)*gain
= error* (abs(error)*gain)
A : . N . .
A Proportional = error*(Modified Gain) Non-linear Gain

A Modified Gain = abs(error)*Gain Settings for E2
Modified

Gain

Activate NL Gain
NL MINMOD =0
NL GAP =0

NL TBAND = 100
NL HYST =0

Error

.' B EMERSON

- LOBAL

Wherel become Y - USERS
EXCHANGE




Output Characterization to Valve

AUse a nSignal Character
change valve characteristics

I Note the best solution is to change valve trim to
proper characteristic

SGCR ’

Characterizes IN_1to OUT_1
Reverse Char. IN_2 to OUT 2
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