PID Controls in a PLC
Environment

Robert Zaun — Rockwell Automation
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The Process Control “Loop "

Hardware
View of a “Loop”
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What Do We Know?

PV - Actual measured value which we are trying to control

Error - The difference between where we are and where we
want to be

At - Knowledge of ‘when’ the PV was observed
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Loop Control Strategy

On/Off Control
Open Loop
Closed Loop

e Cascade Control
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Loop Control Algorithms _
in ControlLogix v
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Enhanced PID in Function Block Standard PID in Ladder Editor
Diagramming Editor
FlowLoop . . E Pmpuniuna||nlr2gnra\Derivauve +
FioE Veloglty form Posn!onal form T e v |
Ernanced FIC .o algorithm algorithm Lot e :
Py CVEU B PID Master Loop 7
SPPrag s g L Inhald Bt ?',
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RatioFrag FuHAlam 32 mOdes Eﬁcﬂﬁ;\/auable U_;El’:
CvFrag FuLalam
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Auto ZIE
o= Ee  Full bumpless No bumpless
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Velocity vs. Positional
PID Algorithm

The PIDE instruction uses a “velocity” PID algorithm.
» Works on change in error.
» Same type of algorithm used by most DCS systems
» Useful when using adaptive gains
PLC-5 and Logix ladder PID instruction use a “positional”
PID algorithm
» Works on error directly
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Advantages of Velocity Algorit;?ﬁmf_

1l

Simple to implement adaptive gains.

Example: Extrusion machine barrel temperature control with heating
and cooling.
« Heating and cooling are different processes and require different gains

Heat Assume Kp:2

Cool Assume szl
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Adaptive Gains with Velocity Algoﬁ’gbm': }

Heat Assume Kp:2

Assume that when we switch from
cool to heat the error is 5%.

Cool Assume K,=1

Positional algorithm has an
cv= KPEW immediate 5% bump in output.
At (This is bad.)

Velocity algorithm has no bump in
CV, =CV._, +K,AE #K EAL+ K, o2 -2E,_,+E,, output. (This is good.)

At
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Enhanced PID

Velocity form algorithm allows for easier adaptive o coesh
tuning and other advanced control schemes. g sproa seh
Selection of independent and dependent forms of i B
the PID equation.  cwereg Ptz @
. . oFF PYLLAlarm [
Multiple modes available: o Hanare FUROCRosAla o
& ProgProgReq PYROCHegAlarm 2
« Program/Operator control. o Frogopertea DevHALam 5
« Separate modes for Cascade/Ratio, Auto, | Frogtasfatfen DALz
. & PreghutoReq DevlAlarm @
Manual, Override, and Hand. o FrogManuaifeq Dol Latzrm o
User selectable derivative smoothing. o i
Zero crossing deadband control. ——p
Reset feedback Boolean inputs and outputs to Ohenie [
. . Hand @

prevent reset windup when used with external

control algorithms.
Additive feedforward control.
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PID Equation .PE

Independent (default)
CV = K,yE% + 2K;AE% + K(d/dt)E%
+ Bias

Dependent (ISA)
CV =K, [E% + Z(LT)AE%
+ T4(d/dt)E%] + Bias
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Function Block Diagrams

You ‘Configure’ your control scheme

« The Enhanced PID algorithm (PIDE) in a ControlLogix Controller
is a Function Block

* A control scheme is ‘drawn’

» Blocks encapsulate enough functionality to accomplish all tasks
expected in the control scenario

Values ‘flow’ from ‘upstream’ to ‘downstream’

< A block functionally ‘pulls’ its values from preceding (upstream)
blocks ... no ‘MOV’s or anything else that would ‘push’
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Function Block Routine

Co-exists with Ladder routines

Function Block routines follow the same organizational
rules as Ladder routines with respect to Tasks and
Programs

' [ Power-Up Handler
B3 Tasks

58 MainTask

=k ]

Program T ags
FB1
[ MainFioutine
* [ Unscheduled Programs
3 Trends
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Function Block Routines

Routines can have multiple sheets
Sheets help compartmentalize functionality

Routines are verified at the routine level (inclusive of all
sheets in the routine)

Number of sheets is limited only by memory
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Function Block Routines

Task 1
Program 2
. Froggans
Routine 2 (FB)
Sheet 1 - Routine 2 (FB)
Sheet 2 Routine 1 (FB) Sheet 1
Sheet 3 Sheet 1 Sheet 2
Sheet 3
Program 1

Routine 1 (Lad)
Routine 2 (Lad)

Routine 3 (Lad)

Experlune TIPS 2007 User Conference

Build a Stronger Automation Foundation




Block Order of Execution

p Al

Order of execution is generated automatically at ‘compile
time

Execution ordering begins at an Input Reference and
proceeds downstream

Ordering guarantees that all ‘upstream’ calculations occur
first
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Cascade Control Example

Without cascade control, a drop in steam pressure ~ With cascade control, a drop in steal
causes the product temp to drop. The PID loop
then responds to increase steam flow and get

temp back to setpoint before the product temp is

the temp back to setpoint.
seriously affected.

oy PID| )
Primary loop
[P L PID
Secondary loop
— Steam

Steam

Product
Temp
Product

Temp

Time -
: 2007 User Conf8ence
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jacket temp to drop. The secondary (inner) PID loop will
then respond to increase steam flow and get the jacket

Cascade Control
Considerations

The secondary loop’s response time must be less than the primary

loop’s.
« Otherwise, disturbances to the controlled variable cannot be compensated for by the
secondary loop before they affect the primary loop.
Secondary loop is final control element of primary loop

Some provisions must exist for operator decoupling of loops

¢ Tuning
e Startup

2007 User Conference

Expermne -l-!Ps Build a Stronger Automation Foundation

11



Cascade Control
Considerations

Must tune one loop at a time (inner first)
To tune a cascaded pair of loops:
» Place primary loop in manual
* Tune the secondary loop
* Put the secondary loop into Cascade mode.
e Tune the primary loop

Primary loop

SP|
Secondary loop

Steam

>
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PIDE Instruction
and Cascade Control

The PIDE instruction has built-in cascade control capabil—ifiési
« Cascade mode on Secondary loop is distinct from Auto mode.

adketTemp O

FrimanLoop Secondanloop
FiE ] PIDE =
Enhaneced FID Enhanced FID
oo oo L]
PraductTemp u Py CVEU jn—l—[ PV CWED o | Steamiialve
Pregopsr [ SPCasceds  ProgOper
CasRat @ CasRat[@
o o
Auto [ Auta [
o o
Manusl [ Manual [
AutotuneTag  TUNE AutotuneTag TUNE

clperlu,’e l‘clc!-ﬂp‘- LUV JUOTI wUILITITlIVSG

Build a Stronger Automation Foundation
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PIDE Configuration for
Cascade Control

Set AllowCasRat
true to enable
. Wiz |Name Walue Type
Cascade/Ratio T[T [DevDeadband 00 FEA
mode. 1] ™ |AlowCasRat P |pOC
Pa.ametem' Tag |
Wig |Mame Walue Tup
1| ™ |CvManLimiting a/B0
1|~ |CVEURMax 100.0/RE
1|~ | CVEURIn 00/RE
= IruH ik innnirRF
Make sure CVEUMax
and CVEUMin match the
engineering unit range of
3 Primamheop SecondaryLoop
the secondary loop’s SP. o e I
Enhanced FID Enhanced FID
oo oo oo
PY oV Py oV
ProgOper jz—l—[ SPCascade ProgOper 32
CasRat @ CasRat @
o 1]
Auto BU Auta 30
Manual [0 Manual 0
AutotuneTag TUHE AutotuneTag TUNKE
Exp.
INCORPORATED Dung a JLIUHQCI AMULUITIEaLIUN Fodndaunun

PIDE Anti-windup

PID instruction avoids reset windup by preventing t he
integral term from accumulating when the CV output
reaches its maximum or minimum limits

e continues to calculate the proportional and derivative term.

The accumulated integral term remains frozen until the CV
output drops below its maximum limit or rises above its
minimum limit.
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Turn on visibility
of WindupHin,
and WindupLIn
pins.

PIDE Propeities - PrimaiyLoop

Turn on visibility

Parametefs | Tag | Autonne of WlndupHOut Pazmeters | Tag |
[V (e Value Tome and WindupLOut Tis [Name Value 0%
[~ HandFBFault 0jB00L Ins ﬂ_ EPercent 0.0|RE¢
[V ‘windupHln 0 BOOL . [V |InitPrimary 1/BOC
[V ‘WindupLln 0 BOOL 0| & |windupHOut 0/BO(
| || ™ |Contraltction 0/B00L 0| # |WindupLOut 0|Bor
Al (Doin T nloe

e Laop

PIDE =
Enhansed FID
Enhanced PID Py CVEL
0.0 oo

P CVEU Pro—————( SPCasoade L
e CVinitReq ProgOper {2 InitPrimary -
Cyinitvalue CasRat [ windupHOut [T
] WindupHin Auto z|D SifindupLOut [
] WiindupLin Manual 1" FrogOper [
CasRat [£
Auto [
Manual [

Build a Stronger Automation Foundation

The PIDE instruction has built-in ratio Set AllowCasRat

control capabilities. true to allow
Cascade/Ra

Use the controlled flow as the PV.

Wire the uncontrolled flow into t
SPCascade parameter.

RatioContraller

PIDE Properties - RatioContioller

Faramelersl Tag |
\ Vis [Name

i Valu Typ
TN DevDeadband 0.0[REZ
[N AllowCasRat 1/B0C

1 ManialsHed nit niRAr

Set UseRatio true to tell the loop to
multiply SPCascade by the Ratio value.
Ratio values can come from an
operator display or the program.

PIDE E[
Enhanced FID PIDE Properties - RatioController
0
[eomirie [0d eveu o papte | 7o |
SPProg =N
SFCaseate PURHALm =1 s [Name Walue Type
o RatisPreg PUHAlam 5 __% Us=Ratio BOOL
s -
o cvpreg PuLatam [ : RiatioProg 1.0|REAL
1] RatioOper 0.5 REAL
qre PYLLALam B [ |FatioHLimit 1.0|REAL
o HandFB PURDCPosalaim [0  |RatioL Limit 0.0 REAL
#1 FroaFrooRea PYROCNeaflarm _ﬂzll" nianne

Ratio limits can be used to bound
the acceptable ratio values.
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PID - FeedForward

Used to account for large, known disturbances in control scenario
PID used in Feedback Trim arrangement

L1 TR

V)
Ccv
PID

SP ——»

FF Disturbance must be known and modeled explicitly
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Feed Forward Control Considerations

Reevaluate potential disturbances
 Inlet flow and temperature
Adjust guiding principles for unknowns
* Heat losses
* Mechanical efficiencies
Adjust Feed Forward signal to compensate for lags or leads
« Principles based on steady state
e Lags in controlled variable
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PIDE Instruction

The PIDE instruction has built-in
Feed Forward capabilities.

Feed_Fonmward

FIDE D
oo
Fyig] I Enhanced PID oo
500
SetPoint {] SFFrog
FF

oo
FeedFanward W
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Split Range

Coupled Function Blocks
¢ Master PID: Driving Output
« Split Range Time Proportional: Determines who sees output

=VAREN » Cu

Master Out SRTP

PID —

SP ——

Can have overlapping ranges Cuo
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Execute the PIDE instructions
in a slow periodic task since
these are typically slow
temperature loops.

BarelTempLoop

FIDE =
Enhanced FID
00
BaneiTemp PV CVEL

O §FFiog sp

O SPCascads PYHHALam [
[

 RatioFrog PVl am [5
o
O tvProg PyLalsm D
o FF PULLAlam D

O HandFB PUROCFasAlam [0
o

 ProgProgReq PYROCNEgAlarm [5)
o

g FrogOperReq DevHHALam [5
o
i ProgCasRathieq DavHalam [
& FrogauteReq peralam D

o FroghtanualReq DeulLalam [0
o

| ProgOvenidefeq Praglper[g
[

g FrogHandReq CasRat [
o

Aute [0
o

Manual [
o

Overide [0
o

Hand [g

EXperune. 1irS

INCORPORATED

-0 Cantraller BarrelT empha
B3 Tasks
B4 Periodic1 Omsec
[ ﬂ MainProgram

-5 PariodicS00msec

LT Hinerhar lad Praarsms

Use a controller
scoped tag to send
the PIDE CVEU to
the input of the SRTP

Execute the SRTP i+
instructions in a faster,
higher priority task. This
allows the pulse outputs to
be more accurate.

[ Program Tags
5@ M ainPulsir

mpLoops
Program Tags
MainLoops

SRTP_01

SRTP =

Split Range Time Proportions!
00 0

LoopOutput “5——o In HeatOut[5— —@&  ResistiveHeate
0
CoolOut[j— —@  CoolingSolenaid

HeatTimePercent

o B

CoolTimePercent

0
[}

0.
)
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Update Time .UPD

A floating point entry in Seconds which represents the
update rate of the analog input (PV), and necessarily
the execution rate of the PID instruction

AN

*Must be non-zero or a proc fault will occur
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At

Note that the timing reference plays a major
role in the calculation of both the | and D
components
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It is assumed that the analog input data (PV) is
associated in time with this reference

Integral and Derivative component calculations use this
value... if it's wrong, they’re wrong!
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Timing Modes

For the PID instruction the user must synchronize
execution of the instruction with the sampling of the
process variable (PV)

« Put PID instruction in a ‘periodic task’ to guarantee the update
rate

 Insure the process variable is updated at a significantly (5 to
10x) faster rate than the periodic task
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FB - Timing Modes

TimingMode =0 Periodic
« Default mode of operation
« Will ‘pick up’ on scheduling type and set dT appropriately
» Preferred mode of operation (least amount of work)
TimingMode =1 OverSample
» User defines scheduling and dT
e PLC/SLC way of doing things
TimingMode =2 Real Time Sampling
« Uses analog time stamp for dT

(Default)
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Periodic Timing Mode Example

Periodic mode is intended to be Since the timing mode is Periodic
used by placing the block into a
iodi k. set to the task update time of 0.1 seco

(TimingMode=0), DeltaT is automatically

FIDE_01
El
(31 Controller Fault Handler PIDE
[ Power-Up Handler Enhanced EID PIDE Properties - PIDE_D1
oo
— P evevp— Parameters | Tag |
O SFFreg SF
o] sFCaseade PUHHAlLam is | Name Malue \‘ \ Tvo
f [~ OpeManualfeq 0/BoC
H [ RatioF PUWHAL Te=
3 Wnscheduled Progiams D;:’ i va‘”m [ FrogvalusResst \ BOC
e 5 o g R m = [ | Timingtade 0|DIN
I Task Properties - MainT ask oFF PLLALaIm = — m.,:.imwanr \ nniaEs
Gereral Corflpraion | Progem Schecie| grandre ISR ] F'DE Fropertie: - FIDE_D1
| FrogFrogReq PYROCHegAlamm [= =
== [Peiingic =] ‘walchdog: [500.000 (ms] E| FrogOperRieq DevHHAIZm [£ Parameters' Tag |
E ProgtasRatReq DevHAlam [£
Periodic Attributes: H ProgautsReag el Aldim = = VE gamed Walue “ - gsépé
Bate:  [100.000 s B e e
B [rns) [ai ProgManu.a\Req DevLLAlam ol Hand Yoleot
Fiioity: [10 = {lower number yields higher priarity] E] ProgOverideReq FrogOper - 0| [ |DeltaT 0.1 |RE
E| ProgHandReq CasRat [£ 1R T Alenr
Scan Times [slapsed time]: Aute [
Max us)  Fimset Mas Manual b
Owerride [
st lus) Hand [z
ok | cemeel | b | Hee |

2007 User Conference

Build a Stronger Automation Foundation

Experiune S

li

20



Oversample Timing Mode

Example
Eddy current furnace heats steel ingots.

* New ingot is pushed into furnace approximately every 28
seconds.

 Infrared camera measures temperature every 28 seconds when
heated ingot is pushed out of furnace.

» Since the temperature samples from the IR camera come at
long, irregular intervals through a serial link, this loop is very
difficult to implement with the periodic timing mode.

IR Camera

Ram

= Furnace [
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Oversample Timing Mode

Example PioE Propeies_umsceoiat B
Turn on visibility for Enableln pin e |
and wire to the Boolean signal e S e
indicating “new temperature [FETErabien ! 1[E00

received” from IR camera.
Set TimingMode to 1 for
Oversample mode.

FumaceCantral

FIDE =

) Enhanczd PID PIDE Properties - FurnaceControl

NewTempReceived o = Enableln CVEL
IngotTemperature — PV
HewlngotRate . wum

Palametelsl Tag |

is |Mame Walue
ProgialueReset
Timingtode
OversampleD T
RTETime

=

N\ [Teee
§0[E00
1|01
0.0|REA
1R

wal

Turn on visibility for
OversampleDT pin and wire
to setting for the “new ingot
rate.” (Optionally, you could
just enter a constant value.)
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Real Time Sampling Mode
Example

Flow totalization using a volumetric flow meter.

« To totalize as accurately as possible, you want to execute the
totalization algorithm once and only once for every analog input sample.

* Real Time Sampling lets you do this easily.
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Real Tlme Sampllng Mode -~

f e Turn on visibility of
-% Predeiined \ ‘ o
- Module-Defined . -l
=53 1D Conliguration General | Connection | Moduls Info larm RTSTime and RTSTlmeStamp
-~ 8 [11756-IF6I Gl o e DT_D
o alalafe]s] I e | T |
Lalit
Scaling \ [ivis | Wame Value Ty
High Signal High Engineering: Hote [ [ProgValueFiesst 0[BOC
- | Timingtiode 2|DIN
00 Voo Digk [ - DvalsgampleDT 0.0|REA
Low Signal Laow Enginering: I+ F\TST!ma 1 DIN
o o iz s o oo
s [io = m Wire the RealTimeSample value from
the analog input medule configuratiFn
Configure the analog to the RTSTime parame |
H TOT_O1
input module for your = =i
desired RTS rate. Totatizer
Wire the RollingTimeStamp input from the drrosproaten Slstam 02
analog input module to the RTSTimeStamp o ProgDpeifizq Pigapers
. . . . ] ProgStanReq RunStop [0
parameter. The tOta:hzat.IOI’l algorlthm will p S
now execute every time it sees the time o ProgResstien Tastlg
localt € RealTimegample 1 RTSTime TaigstDeviFlag [0
Stamp Change' RTSTimeStamp TalzetDE\/ZFlaz 30
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