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Continuous Process - Advanced Process
Control Instructions with Logix

About Advanced Process Control Functionality

A traditional control system controls processes to fixed setpoints determined by operators.
Generic control algorithms and instructions such as a PID controller are used.

Advanced Process Control (APC) is designed to automatically account for an expected
(modeled, predicted, etc.) process response and calculates “optimal”’ control actions to
minimize process variations. APC system utilizes technologies such as:

- Model Predictive control
- Multivariable control

- Fuzzy logic and control
- Adaptive control

- Inferential control

- Process modeling and simulation

What You Will Accomplish In This Lab

In this lab you will explore two different versions of APC: Internal Model Control (IMC) and
Coordinated Control (CC).

Who Should Complete This Lab
This hands-on lab is intended for individuals who:

= Want to become more familiar with the Advance Process Control features of RSLogix
5000.

= Already have familiarity with RSLogix 5000 organizational layout and programming
techniques.

FW3EN.doc
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Before You Begin

Before you begin this Hands-On Lab, please be sure to close any applications that are
currently running.

To complete this lab, a general familiarity of computers, programmable controllers, 1/0 and
automation software is recommended but not essential.

You will be using a V17 controller for this lab. Locate it on your station in the upper controller
rack. The IP address of the Ethernet/IP card in the rack should be 172.16.XX.3, where XX is
the number of your station

Lab Materials

For this Hands-On lab, we have provided you with the following materials that will allow you
to complete the labs in this workbook.

Hardware

L63 Logix Controller.

Software

This hands-on lab uses the following software:

= RSLogix™ 5000 V17

= RSLinx Classic

Lab Files

This hands-on lab uses the following files:

= V17 Advanced Process Control AU09.doc
= IMC_Simulation.L5X
= SquareWave.L5X
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Throughout this workbook, we have used the following conventions to help guide you

through the lab materials.

This style or symbol:

Indicates:

Words shown in bold italics
(e.g., RSLogix 5000 or OK)

Any item or button that you must click on, or a menu name
from which you must choose an option or command. This will
be an actual name of an item that you see on your screen or
in an example.

Words shown in bold italics,
enclosed in single quotes
(e.g., 'Controllerl")

An item that you must type in the specified field. This is
information that you must supply based on your application
(e.g., a variable).

Note: When you type the text in the field, remember that you
do not need to type the quotes; simply type the words that
are contained within them (e.g., Controllerl).

The text that appears inside of this gray box is supplemental
information regarding the lab materials, but not information
that is required reading in order for you to complete the lab
exercises. The text that follows this symbol may provide you
with helpful hints that can make it easier for you to use this
product. Most often, authors use this “Tip Text” style for
important information they want their students to see.

Note: If the mouse button is not specified in the text, you should click on the left mouse

button.

5/27/2009
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Lab 1: Using the IMC Instruction (40 minutes)

About This Lab

In this lab you will explore the functionality of the Internal Model Control (IMC) instruction.
This instruction controls a single process variable by manipulating a single output. The
instruction compares the actual process signal to an internal model. The internal model can
be manually entered, or the built-in autotuner can be used. This instruction is most suitable
for processes with long deadtimes which are difficult to control with standard PID
instructions. The setup and configuration parameters, as well as the autotune function, are
very similar to the PIDE instruction.

Note: The PIDE instruction uses an autotune to generate a process model which is then
used to generate P, | and D gain values. Once the gains are calculated the model is not
utilized in the control loop. The IMC instruction uses the process model directly and
continuously compares the process response (PV) to the modeled response. This results in
tighter control to the setpoint for processes with long deadtimes, when compared with PIDE
performance.

Comparing PIDE Loop Control to IMC Loop Control

r‘_-:l'
L

1. Open RSLOng 5000 RSLogix S000 .
2. Select File > New

¥ RSLogjx 5000
FIEW Edit  Wiew Search Logic ¢

& mew..
& open b

3. Configure your controller as shown below adding Name: CLX and then click OK.

x
Yendor: Allen-Bradley
Tope: |1?55-LE3 ComtrolLogi=5563 Contraller j oK |
Fiewision: 17 - Caticel |
Redund Enabled |
™ Redundancy Enable Help FUSQ Name CLX
M anne: I
-
Description: ﬂ
Chasziz Type: I'I?EE-MD 10-5Slot ContralLagix Chassis j
Slot: |2 3: Satety Partner Slot
Crgate Ir: |C:'\HSLogi:-: B0004Projects Browse... |

FW3EN.doc
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4. Expand the MainProgram by clicking on the ‘+’. Right click on MainProgram and select
New Routine.

—-425] Tasks
= % MainTask
- E%@F B Mew Routine. .. .
& I Impart Routine. .. I’\E
[ R R

5. Configure the new routine as shown below and click OK.

New Routine

Mame: |PIDE_ws_IMC

Cancel

tl E

Description: ‘

Tupe: | Furiction Block Diagram j w

InP .
nEeoan [Barriogan <]

I Open Routine

6. Right click on MainTask and select Properties.

—]-425] Tasks | |
= l:a; Mew Program. ..
(%% mNew Equipment Phase...
Impork Program...
3 Und Import Equipment Phase...
—I-425] Mation
3 Ung
(23 Add-Or Capy Chrl+C
-5 Data T4
[ Use
+- g stri
g ade
Cross Reference Ctrl+E
+- g Pre
C@a [in a
Properties Alt+Enter
3 Trends | ["\G |
e T e e | |
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7. Go to the Configuration tab and change the Type to Periodic and set the Period to
‘500'.

¥ Task Properties - MainTask

General  Configuration® l Program / Phase Schedulel Mnnitor]

Type: Periodic
Period: 500000 ms
Friciity: 10 3: [Lower Mumber Yields Higher Priarity]

W atchdog: B00.000 iyt

I Dizable Automatic Dutput Processing To Reduce Task Overhead
I Inhibit Tasgk

QK | Cancel Apply Help

8. Click OK when done.

9. Right click on MainProgram and select Properties. In the Configuration tab, change
Assigned Routines Main to ‘PIDE_vs_IMC’ and click OK.

¥/ Program Properties - MainProgram |:||E|®

General Eonfiguratinn"] Monitnll

Azzighed B outines:

[EET

Fault: <Rone> j

[ Inhibit Program
B

ok | Cancel Apply Help

FW3EN.doc
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10. Right click on MainRoutine and select Delete.

—]-425] Tasks
= % MainTask
- [:E; MMainPragrani
E“ Program Tags
8 PIDE_vs_IMC
o ogeee
23 Unscheduled Pr Open
-5 Mation Groups
(3 Ungrouped Axe b T ChrlX
£ add-0n Instruction Copy Chrl+C
-5 Data Types
Cg User-Defined
i Eﬁ Skrings | Delste 1. Del
@ add-on-Definer — a

11. Click Yes to confirm the deletion.

RSLogix 5000
! E Delete the routine 'MainRouting'?
Yes Mo |

Why did we delete this? We could have just used a JSR to call the PIDE_vs_IMC routine. It
was deleted to totally eliminate any ladder logic from the project. Some “Process” people
would see ladder logic and say “this is a PLC — and PLCs aren’t good for process control. It
really just shows that ControlLogix controller is in no way dependent on Ladder logic.

12. Right click on the Add-On Instructions folder and select Import Add-On Instruction.

(& b v b
2.2 02l Mew Add-On Instruction...

| Import Add-On Instruction...
+ by
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13. Go to the Advanced Process Control folder and select IMC_Simulation.L5K.

This block will be used to Import Instruction
Simulate the Controlled SyStem . Loak in: | |5 Advanced Process Control j =k E2-
_.2_ TMC_Simulation L5
- Squareiave, L5X
iy Recent
Documents
=
L
Desklop

3

=

[y Diocuments

ty Computer

File name; |IMC_SimuIation.L5>< Impart....

@

Fy Metwork Files of tppe: |
Flaces

Cancel

Help

el

Filez containing: | |nstruction

Inta: |[:|

Led Ll Le] Le

14. Click Import.
The following window opens:

B Import Configuration

Find: | ~| B|B| Findmeplace.
Find Withir: Final M ame
Import Content:
&5 Add-On Instiuctions Configure Add-On Instiuction Properties
= Irpart Marme: IMC_Sim
Parameters and Local Tags
- Routines Operatian: ]Ereate _:J B
Ermors/w amings
e . Final Name: [IMC_5im | Propeties..
Description;
Revisioh: ¥1.0
Revizsion Mote:
Yendor:
< E
ak Cancel Help
Ready

FW3EN.doc
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15. Click OK to complete the import.

The Add-On Instruction should now appear in your project.

=451 Add-0n Instructions
= IMC_Sim
i Parameters and Local Tags

ﬁl‘ﬁ Logic

16. Import the SquareWave.L5K Add-On Instruction.

Import Instruction

Loak, in: |l'f) Advanced Process Contral j £k Eo-

X

'2 IMC_Simulation.L5X
- Squaretave, Lox

tdy Recent
Documents

F—

[
Deskiop

ky Documents

My Computer

-

File name: |SquareWave.L5><

by Netwark Files of type: |
Places

Files containing: |Instructi0n

Inta: |[:|

Ll Led Lef Lo

Import...

Cancel

Help

Pl
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17. Double click on the PIDE_vs_IMC routine and configure the logic shown below.

Note: If you are unfamiliar with configuring logic using function blocks just ask your

instructor for assistance.

Squareil ave_01

[s e

7o

poo "

]

Squarelil ave

In1
Iri2
Feriod

Out O

18. Add the PIDE and IMC blocks as shown below.

Squarsin awe_ 01

Iml
Iri2

)

Period

Squareiil e

Out

PIDE_O1

FIDE

Enhanced PID

0.0
[m ) CYEU
0.0
] SFFmg SF :lD
SPCascade ProgQper[m
u]
[ RatioFrog CazRat[o
u]
I CvFrag Aute [0
u]
OFF hianual IID
HandFB Dwerride ZID
Hand &
AutotuneTag ‘?
IMC_01
I
Internal Model Cortrol
0.0
| P CYEU O
oo
——————————— {1 =FFng 5P DO
u]
O 5P Cacade FrogQper[o)
u]
[ RatioFrog CazRat[o
u]
O CwWFmg Futo EID
JHandFB hianual IID
Cwerride [0
u]
Hand 5

Note: In order to reduce the size of the function blocks several parameters (which are by
default visible) have been hidden. You may leave them visible, or go into the function block
parameters and uncheck the box in the first column (do this on the PIDE block only). If you
are unfamiliar with this ask your instructor for assistance.

Note: You may have to increase the sheet size. Just right click on the page, select
Properties and then Sheet Layout and select whatever size sheet you want.

5/27/2009
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19. Next we need to add process simulation. Add the Add-On Instruction IMC_Simulation as
shown below.

FIDE_O1
FIDE IMC_Sim_01
Enhanced PID I C_Sim
0.0 an
P CWEL jDD—c IC_Cw I C_Py [e——
——————]5FFng 5P :lD-
O SPCascade FrogQOper=
u]
O RatioFraog CasRat 5
u]
O CWFPmog Aute [0
Squarsin awe_ 01 u]
JFF [ZELUE] IID
Fquareil ave o HandFB Dwerride ZID
— I Out Hand &
— Iri2 AutotuneTag 7
—| Pariod
I IMC_Sim_02
Internal blod el Contral IMC_Sim
0.0 on
P CWEL :'Dtl—c IAC_Cw I C_Pyw e———
L AsPPrg sPO
u]
[ SFCacade FrogOper 5]
u]
O RatioProg CazRat[g
u]
J CWPrag FAuto IID
HandFB Manual ZID
Cweride [
u]
Hand 5

Note: Be sure to add ‘Assume Data Available’ to the feedback from the simulation to the
PIDE and IMC blocks. Again, if you are not familiar with this concept or process ask your
instructor.

20. Add a ‘PID_Tune’ tag to the PIDE block and right click to define the New ‘PID_Tune’ tag.

FIDE_O1
FIDE
Enhanced PID
0.0

s P CWEU [——
| 5PPrg 5P jz.n
T SFCacade FrogOper @
] RatiaFrog CazRat 30
O CWFmg Auto 30
I FF Manual DD
O HandFB Chiermde IIE

—Haad [0

AutotuneTag FIL_Tune

¢
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21. Open the parameters for the IMC block (|:|) and on the Autotune tab for Process Type
select Non-Integrating.

Properties - IMC_01

General Cnnfigurationl EU Scaling] Limniits ] Eascadex’Hatin] Model ] F'arametersl Tag
Autotune lnput: Perfarm Autatune:
Frocess Type: Mon-integrating CW Step Size: 100 2%
P\ Change Limit: ‘ ‘
Autotune Timeout Limit: B0.0 & minutes | Autotune State: Feady
Highem Ll Medium = |~ Current Model Yalues
Gain: 0.0
Time Constant; 00 ¢
Deadtime: 00 ¢
Rezponze Time Constant: 00 s
Autotuned Model Values
Gair: no
Tirme Cornstant: 0o =
Deadtime: 0o =
Rezponze Time Constant:
('“ g
o 00 ¢
('“ g
_SeiTuned Vakes |e
Status: |F|eady
Statuz: OF
Execution Order Mumber:  <routine not werified:
™ Mever dizplay description in a routing ak. | Cancel Help

22. Click OK to accept your change.

= Q]|
23. Verify your controller. There should be no errors.
24. Create a new trend by right clicking on the Trend folder and selecting New Trend.

£ .
= Elg Mew Trend... |
Import Trend...

FW3EN.doc
5/27/2009 Page 17 of 60
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25. Configure the new trend as shown below. Name Process_Simulation, Sample Period
100ms.

Hew Trend - General El
Mame: |F'roc:ess_5imu|atinn
Drescription: ‘
Sample Period: |1DE1 :II Milizecond(s) j

Cancel | | Mext > | Finish | Help

26. Click Next and add the tags listed below.

)

New Trend - Add/Configure Tags

Scope;

|Ea1 MainPragram j

AvailableT ags:

|Name -
+/ IMC_01

[ _Sim_01

[ IMiC_Sim_02
+|-PIDE_O1
Fl-SguareWave_01

%

Tags To Trend:

b ainProgramtPIDE_O1.FY

t ainPrograntPIDE_01.5PProg

tainProgram*MC_07.Fy

Remove
Cancel < Back | | Finish | Help
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27. Click Finish.
The chart will appear.

| | | tea- | [Cogaing Stopped Periodic 100 ms Capture: 5' of 0

MainProgramPIDE_(1 PV

Process_Simulstion  Tuesday, February 12, 2008

MainProgramFIDE_01 SFFrog

MainProgramic_01 Fy

E=rer=rer=

o

2:01:56 AM

[Aw | [ | [ ] [ mm ] [ » 1]

FW3EN.doc
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28. Right click on the chart and select Chart Properties.

w Scroll
Active Yalue Bar
w Show Walue Bar

Print Trend
Create Snapshat...

Chart Prope

RSTrendX Properties

Narme ]General] Display] Pens ] Pz ] Y-.&r:is] Template] Sampling] StartTrigger] Stop Trigger]

Memies |F'roc:ess_5imu|atinn

Description:

3

0k | Cancel Help
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29. Click on the Pens tab and adjust the pen colors as you wish. The first pen is usually
dark purple which doesn’t show-up very well.

Cuztom colors:

Define Custom Colors »»

ak. | Cancel |

30. Click on the X-Axis tab and adjust the X-axis time span as shown below.

R5TrendX Properties §|

Hame ] General] Displa_l,l] Peng A lY-.-’-‘w:is] Template] Sampling] StartTrigger] Stop Trigger]

Chart time range

Start date

| J Start Date and Start Time
are naot available when

Start tinie zerolling is allowed. To

| — 1 clear Allow Scrolling, use
the Dizplay tab

Time =pan

20 ﬂ binute(s)

Diizplay optiong
¥ Dizplay scale
I Dizplay date on scale
¥ Dizplay gnd lines

4 ﬂ kajor grid lines
0 ﬂ Mirar grid lines
. Grid colar

QK | Cancel Apply Help

FW3EN.doc
5/27/2009 Page 21 of 60
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31. Click on the Y-Axis tab and adjust the Y-axis as shown below.

RSTrendX Properties g|

MHame ] General] Display] Pens ] Hebis T lTempIatel Sampling] StartTrigger] Stop Trigger]

Minimum / maximum walue options
" Automatic (best fit based on actual data)
" Preset [uze min/max setting fram Pens tab)
% Custom
Finirmurmn v alue

& Actual mirimum value 0

b amimnunn walue

&+ Actual maximum value 100
Dizplay options Scale optionz
I~ lsolated graphing j * izolation '
W Display scal T = pe
izplay scale :II Decimal places i
Iv Dizplay grid lines 4 -1 Maior gid lines | J

. Girid eolor g j Minar grid lines [T Scale as percentage

0k | Cancel | Help |

32. Click OK to finish the trend.

33. Verify and Save your project.

34. Download the project to your controller and put the controller into Run mode.
35. Double click on the PID_vs_IMC routine to view the logic.

36. Open the PIDE parameters by clicking on the [ button.
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37. Select the Autotune tab.

Properties - PIDE_01

General Configuration] EUSHLimits] Eascadea’Hatio] .-’-‘«Iarm&] F'arameters] w

Tag
Mame: FID_Tune
Acquire Tag Tag Status: Available
Autotune [nputs Current Gains
Process Type: Fropartional, 0.0

Integral: 0o

P Changslimt | 00 Dierivvative: n.o
Y Step Size: 0.0 %

e

Statuz: OF

Execution Order Mumber;, 2

[~ Mewer display description in a routine Ok | Cancel | | Help |

38. Click on the Acquire Tag button and adjust the CV Step Size to ‘20°.

Properties - PIDE_01 X

General Configurationl EUS;"Limits] CascadefHatio] Alarmsl Parametels] Tag Autolune"l

Tag
M ame: FID_Tune
Tag Status: Acquired
Releaze Tag
Autotune |nputs Current Gaing
Process Type: Temperature - Propartianak 0o

Integral: 0.0

P4 Change Limit: I—UU Dierivative: na
% Step Size: |—2ﬂl %

Execition State: Ready

Statug: 0K

Execution Order Mumber: 2

[~ Mewer display description in a routine ]9 Cancel Apply Help
FW3EN.doc
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39. Click on the Autotune button and click Yes to accept the changes before
starting the autotune.

R5Logix 5000

The properties for PIDE_01 hawve changed.
ese changes must be applied befare starting the autotune.
T\ Thesech t b applisd beFore starting the autot

Apply changes and start the autotune?

es M Zancel

40. Click on the Start button to begin the autotune.

PIDE Autotune - PIDE_01 X

Execution State:  Feady
Autaturne Status: ‘DK

8 D B B

Cloze | Help
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41. The Execution State will change from Ready to In Progress.

PIDE Autotune - PIDE_01 X]

Ewecution State; /Tn Progress

Autotune Status:
Abort

T

Time Constant: 00s
Deadtime: 00s
Gain: 0n

Bazed on Monrintegrating model

Cloze Help

42. When the autotune is complete (this will take several minutes) the Execution State will
change to Complete and Autotune Gains will be displayed.

PIDE Autotune - PIDE_01

Execution Statk_ Complete
Autatune Status: ‘DK

Autotune Gains

onal Integral [1/min) Derrrat in]

£ Slow Response 0.48953214 | 051081616 | 0.044235263

" Medium Respapée | 09790643 | 1.0216323 | 0.088470525

" Fast Respons 1.4685965 | 1.5324485 | 01327058
| |

i+ Current 0o 0g 0g
Time Constant: 4303
Deadtime: 4358 3
Gain: 1.0800836
Bazed on Monrintegrating model
Cloze Help
FW3EN.doc
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43. Select Medium Response and click on Set Gains in PIDE [_SetBns nPIcE

PIDE Autotune - PIDE_01 X
Start Ewecution State; Complete
Autatune Status: ‘DK
Autatune Gains
Propartional Integral [1/min) Derivative [min]
" Slow Response | 048953214 | 051081616 | 0.044235263
' Medium Resporse | 09790643 | 1.0216323 | 0.088470526
€ Fast Response | 1.4585965 | 15324485 | 0.1327058
" Current | | |
|
Time Constant: 43.0 5
Deadtime: 435 3
Gain: 1. 0800836
Bazed on Monrintegrating model
Cloze | Help |

Note that gains have now been loaded into the ‘Current’ line.

44, Click Close. The Autotune tab shows the results of the autotune and the current loaded
gains.

Properties - PIDE_01 fg

General Cnnfigurationl EUstimits] Eascadex’Hatin] .-’-‘«Iarmsl F'alameters] Tag .&utntunel

Tag
MHame: FID_Tune
Tag Status: Acquired
Releaze Tag
Autotune [nputs Current Gaing
Process Type: |Temperature j Froportional: 09730643
o Integral; 10216323
P Change Limit. | 0o Derivative: 0.0384 70526
CW Step Size: | 200 3

Ewecution State; Complete

Statuz 0K
E=ecution Order Humber: 2

I Mever dizplay description in a routine oK Cancel Help
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45. Click OK.

46. Click on the Properties button L] for the IMC block and then select the Autotune tab.

Properties - IMC_01

General Configuration | EL Scaling} Limits] Cascadex’ﬂatio] Mndell F'arametals] { 20 AUlUlUﬂB]

Autatune [nput: Perform Autotune:

CY Step Size: 100 &%
P Change Limit: 0.0« Start

Autctune Timeaut Lirit BO.0 & minutes | Autotune State: Ready
Moize Lewvel: Medium -|e Current Model Yalues

Process Type:

Gain: oo

Time Constant: 0.0 s
Deadtime: 0.0 s
Responze Time Congtant: 00 s

Autotuned Model ¥alues

Gain: oo
Time Constant: 00 s
Deadtime: 00 s
Response Time Constant:
0 s
o 00 =
« T
[ERTEE
Statuz |Heady

Status: 0K

Execution Order Mumber: 3

[~ Mever display description in a routine ok | Cancel Help

47. Change the CV Step size to ‘20’ and then click Apply

Properties -

General Eonfiguration] EU Scaling] Limits] Eascadef’HatiD] Model] Parameters] Tag Autotunel

Autotune Input: Perform Autatune:

CY Step Size: 200 &%

Pt Change Limit: 00 e Start
Autatune Timeout Lirnit: 60.0 € minutes | Autotune State: Ready
Moize Level M edium v|e Current Model Values

Fiocess Type:

Gain: oo

Time Conztart: 0o s
Deadtime: 00 s
Fiesponse Time Constant: 00 s

Autotuned Model Values

Gain: oo
Time Constant: 00 s
Deadtime: 00 s
Fiesponse Time Constant:
e 3
o) 00 s
0 T
_BelTuned Vs e
Status: |F|eady

Status: 0K

Execution Order Number: 3

™ Mever display description in a routine ok | Cancel Help

FW3EN.doc
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48. Click on the Start button ( ) to perform the autotune.

Properties - IMC_01

General Cnnfigurationl EU Scaling] Limits] Eascadex’Hatin] Modell F'arametersl Tag .t’-‘-.utotune]

Autotune lnput: Perfarm Autatune:

Frocess Type: - v Step Size: 3
P\ Change Limit: * ‘ Abort ‘

Autotune Timeout Limit: & minutes | Autatune State: In Progress
Moize Level, - Current Model Yalues

Gain: 0.0

Time Constant; 00 ¢
Deadtime: 00 ¢
Rezponze Time Constant: 00 s

Autotuned Model Values

Gair: no
Tirme Cornstant: 0o =
Deadtime: 0o =
Rezponze Time Constant:
('“ g
o 00 ¢
('“ g
_SeiTuned Vakes |e

Statuz: OF

Execution Order Mumber: 3

™ Mever dizplay description in a routing ak. | Cancel | | Help
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49. After completion the Autotuned Model Values will be populated.

Properties - IMC_01 X

General Eonfiguration] EU Scaling] Limits] Eascade.-"F!atio] Model] Parameters] Tag Autotunel

Autotune [nput: Perform Autotune:

Frocess Type: Moreintearating = | € L Step Size: 200 &%
P Change Linit 00«

Autotune Timeout Limit: BO.0 & minutes | Autotune State: Complete
Moize Level: Medium - & Current Model Values

Gain: 0.0

Time Constant: 00 =
Deadtime: 00 s
Fiesponze Time Constant: 00 s

Autotuned Model Values

Gair: 1.0818344
Time Constant: 430 s
Deadtime: 425 5
Fiesponze Time Constant:
" Slaw 3
" Medium 285 s
" Fast 3
Set Tuned Values |«
Statusz: |DK
Statuz:  OK
Execution Order Mumber: 3
™ Mever display description in a routing ak | Cancel Help

50. Medium is the default Response Time Constant selected, click on the Set Tuned

Set Tuned Walues

Values button

X

Properties - IMC_01

General Eonfiguration] EU Scaling] Limits] Eascade.-"F!atio] Model] Parameters] Tag Autotunel

Autotune [nput: Perform Autotune:

Frocess Type: Moreintearating = | € L Step Size: 200 &%

P Change Limit: 0.0« Start
Autotune Timeout Limit: BO.0 & minutes | Autotune State: Complete
Moise Level: Medium MES Current Model Values

Gair: 1.0818344

Time Constant: 430 s
Deadtime: 425 5
Fesponze Time Constant; 285 ¢

Autotuned Model ¥alues

Gair: 1.0818344
Time Constant: 430 s
Deadtime: 425 5
Fiesponze Time Constant:
" Slaw 3
* Medium 285 s
" Fast ]
[ Turedates |«
Statusz: |DK
Statusz: OF
Execution Order Mumber: 3
I™ Mever display description in a routine oK. | Cancel Help
FW3EN.doc
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51. Click on the Model tab. This displays the internal model which will be used by the
instruction.

General Cnnfiguralionl EU Scaling] Limils] Cascade/Ratio  Model Paramelersl Tag I Autature

Calculate Ermor ds:

Process Type:

Mor-integrating -

Model Factor: l—
Process Gain Sign: m
Model Gair: lw
Model Time Constant: |—43EI g
Model Deadtime: |—425 E
Responze Time Constant: |—285 3

Statuz 0K
E=ecution Order Humber: 3

0k | Cancel Help

I Mever dizplay description in a routine

52. Click OK to close the IMC Parameters window.
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53. Double click on the Process_Simulation trend and then click on the Run button
(top left corner) to start the chart. Depending on the moment that you start trending, the
next screen may look different. The setpoint is cycled from 5 to 70 by the simulation
every 10 min.

PIDE PV and
IMC PV

Note that the SPProg values changes (square wave) but that the PIDE.PV and IMC.PV
values are steady state, that is because both the PIDE and IMC blocks are in Operator
Manual mode and their CE outputs to the process simulation are at zero.

FW3EN.doc
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54. Change both the PIDE and IMC blocks to Program Auto mode by setting the
ProgProgReq and ProgAutoReq parameters to ‘1’. If you are not familiar with this
process ask your instructor.

PID Response

IMC Response

Observe the trend for at least one cycle.

Notice that the PID loop overshoots when the setpoint jumps up and undershoots when it
drops low. The PID loop eventually gets to the setpoint, but the IMC loop does a much
better job for this particular process.

If you want to see more details, add the CVEU pens to watch the control actions of the PIDE
and IMC instructions.

This concludes lab 1.
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Lab 2: Coordinated Control (20 Minutes)

About This Lab

In this lab you will explore the functionality of the Coordinated Control (CC) instruction. This
instruction controls a single process variable by manipulating as many as three different
outputs. Target values and priorities for each of the outputs are used to optimize your
process control. The instruction compares the actual process signal to an internal model for
each output. Each output may be in manual control or automatically controlled. The internal
models can be manually entered, or the built-in autotuners for each control variable can be
used. The setup and configuration parameters, as well as the autotune function, are very
similar to the PIDE instruction.

Exploring the Coordinated Control Instruction

1. Go Offline with your RSLogix 5000 project Advanced Process Control

2. Right click on the MainTask and select New Program.

-3 Tasks

H = |C§_1 Mew Reogran...
(=g Newéﬁ%ipmentphase...

3. Name the new program ‘Coordinated_Control’ and click OK.

M ame: |Cnmdinated_liontm| (1] 4 |
Description: Cancel
Help
Schedule in: |E@MainTask j
I Inhibit Program
i
—-425] Tasks
= % MainTask
= 'ﬂ MainPragram

i Program Tags

& P i
38 PIDE_vs_IMC

+ E& Caoordinated_Contraol

FW3EN.doc
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4. Right click on Coordinated_Control and select New Routine.

- @ MainTask

= ﬂ MainProgran
4 Program Tags
373 PIDE_vs_IMC

+ C& Coordinatfsss =
23 Unscheduled EH Mew Routine.
=-425] Mation Graups Trnpiark Routings

5. Name the new routine ‘CC_Simulation’ , select Function Block Diagram as the Type
and click OK.

QK

M arne: |EC_SimuIatinn

=425 Tasks ‘

s

Description:; ‘ Cancel

Type: | Function Elock Diagram j ﬁ

It Program - ~
i [Fhges |Ea1 Coordinated_Control J

™ Open Routine

=425 Tasks
- @ MainTask

= ﬂ MainProgran
4 Program Tags

373 PIDE_vs_IMC
= C& Coordinated_Control
4 Program Tags
CC_Simulation
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6. Double click on CC_Simulation and create the following logic:
Note. Create all the tags shown as
Data type: REAL, Scope: Coordinated _Control and Style: Float

cC_m
Co

Coordin ated Contral

oo oo
MPC_DissolvedDeargen_PW >D—C P cWEL MPC_AgitatorSpeed
a0
Cw2ZEU b P C_AirF o
ulin}
CW3IEL MF C_Pressure

sF :( MPC_DissoIvedeygen_SPl

FrogOp er[©
CW 1 Aute [©

[
[+
[+
[
=
o]
Cw2Aute [0
CW3Aute [0
CWitdanual [0
CvZhdanual @
o)

Cu3tdanual [2

Scope; ||:§,El:n:urdlnated I:-:urJ Shaw... | Shova Al

Mame Aliaz Far | Baze Tag | Drata Type | Style

[+-cc_o1 CC
MPC_AgitatorSpeed RE&L Float
RAPC_AirFlow REAL Float
MPC_Diszolvedxpgen_PY RE&L Float
MPC_Diszolvedlspgen_SFP REAL Float
MPC_Pressure RE&L Float

FW3EN.doc
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. &dd Sheet
Create a second sheet of logic as shown. —/—————
LD LE_ 04 DEDT_01
LoLe LEDT
Lead-Lag Deadtime ADD_01
oo an oo AL D
MPC_AgitatorSpesd +—i]In Out—{In Ot
Storage frray DEDT_O1_Armray j—|_E Add o
Sourced Dest
L L3 02 DEDT_0Z

SourceB
LoLE DEDT
Lead-Lag Deadtime
on o0 [uls} ADD_O2
WP C_AirFlom [ In Out[———In Out

ADD
Storagednay  DEDT_02_Armray

Add
oo
Sourced Crest
LbL3_03 DEDT_03

SourceB

]
LDLG DEDT
Lead-Lag Deadtime
an a0 [akx}
MFC_Pressume [ In Out —— In Out WP C_Dissolve d0xy gen_PW

Storagednay  DEDT_03_Armray

Details:  Input and Output reference tags used on sheet 2 were created on sheet 1
Create the following blocks and arrange as shown above:
LDLGO1 — 15 sec Lag
LDLGO2 — 30 sec Lag
LDLGO3 — 45 sec Lag
DEDTO1 — 5 sec Deadtime
DEDTO02 — 10 sec Deadtime
DEDTO3 — 15 sec Deadtime

In the storage array tab in the properties of the deadtime blocks, create the
following new tags with Data type: REAL (and change DimO value to 1000),
Scope: Coordinated_Control and Style: Float

DEDT_01_Array REAL[1000]
DEDT_02_Array REAL[1000]
DEDT_03_Array REAL[1000]
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7. Setthe CC block parameters on the various tabs as shown

Properties - CC_01

General Configuration Scaling] Limils] Model] Paramelersl Tag I Autotung

tode:
Overzample Ak

RTS Period:

Control Variables

[ UseCy Track Valies  pyq o3 V3
O Track Value: | % | % | %
Dweriide Value: | 0z | 00z | 00 x
T arget Value: | 503 | @| @
First Second Third
Deviation Action Friority: |Cv1 | o2 | fovs -
Drive: to Target Priarity: |Vt x| fove | fova |

T arget Responze Time Constarnt:

[ Program Control % alue Reset
[~ Manual Mode after Initialization

[ P Tracking

Statuz 0K

E=ecution Order Humber: 1

I Mever dizplay description in a routine ak | Cancel | | Help

The target values are the desired values for CV1, CV2 and CV3.
Click APPLY

FW3EN.doc
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Properties - CC_01

General Configuratig imits] Modell F'arametersl Tag l Autatune

Process Yariables

tdan at 100% Span: 100.0
tin at 0% Span: 0.0

Control Wariables
[ Cw2 [}

P at 1005 Dutput; | 100.0 | 1000 | 100.0

Fir at 0% Output: | 0o | 0o | 0o

Statuz: OF

Execution Order Mumber: 1

™ Mever dizplay description in a routing Ok | Cancel Help

Note: These are to be left at the default settings.
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Properties - CC_01

General Cnnfigurationl ELl Scaf I] F'arametersl Tag l Autatune

Set Point
High Lirit: 100.0
Lo Limit: 0.0

Control ¥ariables

Cy2 Cw3

High Lirit: 1000z | 1000 % | 1000 2
Low Limit 0% | 00 %

Pozitive Rate of Change:

cvi
|
|
|
|

00
/ 1_0%}\ / 1_0%\

I Lirnit Contral ariable in Manual Maode

Megative Rate of Change:

Statuz: OF

Execution Order Mumber: 1

™ Mever dizplay description in a routing Ok | Cancel |

Note: This tab allows you to set limits on Set point and the control variables.
Click APPLY

Help

FW3EN.doc
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Properties - CC_01

General Configuration l EUl Scaling ]

imitz  Madel l Para eters] Tag l.t’-‘n.utotune

Calculate Errar fe % of Span -
Frocess Type: W
Model Factor: l—

W1 w2 W3
Frocess Gain Sign: |F'ositive ﬂ |F'u:|sitive j |F'u:|sitive j
Model Gair: | o oo | 0o
Model Time Constant: | ons | 0o | 0o
Modsl Deadtime: | ons | 0o e | 0o ¢
Responze Time Constant: | 00 s | 00 s | 00 s

Statuz: OF

Execution Order Mumber:  <routine not werified:

™ Mever dizplay description in a routing Ok | Cancel | | Help |

Note: These are to be left at the default settings. They will be automatically populated after
we run the autotune feature. If models were developed using some other method they could
be manually entered here.
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Properties - CC_01

General Cnnfigurationl EU Scaling] Limits] Modell F'arametersl ag ."-‘-.utotune]

Autatune [nput: Performammtore on: 0 O L A

V1 Step Size: 100 &2
P Change Limit: 00« ‘ ‘

Autotune Timeout Limit: B0.0 & minutes | Autotune State: Feady
Maoize Level: M edium & Current Model ¥alues

Frocess Type:

Gain: 0.0

Time Constant; 00 ¢
Deadtime: 00 ¢
Rezponze Time Constant: 00 s

Autotuned Model Values

Gair: no
Tirme Cornstant: 0o =
Deadtime: 0o =
Rezponze Time Constant:
('“ g
o 00 ¢
('“ g

[so e i

Status: |EV1 Ready

Statuz: OF

Execution Order Mumber:  <routine not werified:

™ Mever dizplay description in a routing Ok | Cancel Help

These are the default settings for this tab.

8. Click OK and then Verify controller EI
You should get the following Error:

|Harn%hg:_CDDrdinat?@;Qqnt?Dlg Progran doésnlt have associated main routine.

9. Right click on the Coordinated_Control program, select Properties, Configuration and
then set the Main routine to CC_Simulation.

% Program Properties - Coordinated_Control |ZHE|@

General Configulation*] Maritor |

Assigned Routines:

Fault: |<nones j

I Inhibit Frogram
-

QK I Cancel Apply Help

FW3EN.doc
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10. Create another trend as follows:

H B ol == |
E plg Wew Trend... . |
W

=-EA 1o g Impark Trend. ..

11. Add Name and Sample Period and click Next.

New Trend - General [5_<|

Narne: |D issolved_Oupgen

Description: ‘

Sample Period: |1Dd j Millisecond[s]j

Cancel | | Mext > | Firizh | Help |

12. Select Tags as shown and click Finish.

Hew Trend - Add/Configure Tags

X

Scope:

|Ca; Coordinated_Control j

AvalableT ags:

| Mame ~
MPC_AgitstorSpeed
MPC_AirFlowe
MPC_DizsolvedCmygen_PY
MPC_DissolvedOxygen _SP
MPC_Pressure

<

[ e |

Tag: To Trend:

Coordinated_ContralsMPC_DizsolvedOupgen_ P
Coordinated_ControlsMPC_DissolvedOspgen_SP
Coardinated_ContralsMPC_AgitatarSpeed
Coordinated_Control\WMPC_AirFlow

Coordinated Contral\MPC P

Remaove
Cancel < Back | | Firizh | Help




Coordinated_ContralMPC_DissolvedCooygen_

Coordinated_ContralMPC_DissolvedCooygen_

Coordinated_ContralMPC_Agitator Speed

Coordinated _ContralpPC_AirFlow

Coordinated_CortralMWPC_Pressure

www.infoPLC.net

13. Right click on chart to select Properties.

v Scroll
Active Value Bar 3
v Show Value Bar

Print Trend
Create Snapshat. ..

Chatt Properties

14. Adjust pen colors to your preference

R5TrendX Properties E|

Hame ] General] Display Fens lX-.-’-‘w:is I Y-.&r:is] Template] Sampling] StartTrigger] Stop Trigger]

Clear Selections

Pen attibutes
Tag\Expr. Caolar Wizible Width Type
1 |Coordinated ControlsMPC_DiszolvedO=ygen P 1 Analog |-
2 |Coardinated ContralsPC_DissolvedOswgen SP [0 1 Analog [
3 |Coordinated_Control\MPC_AgitatarS peed [ ] 1 Analog |-
4 |Coordinated Conbral\MPC_AirFlow [ ] 1 Analog |-
5 |Coordinated_Control\MPC_Preszsure 1 Analog |-
b »
Add/Configure T ags
tultiple Pen Edits
Wizible Width Tupe Shle M arker tin b ax Eng. Unitz

‘ Apply to Selected Pen(s)

0

K Cancel

| Apply |

Help |

5/27/2009
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15. Adjust Time span on the X-Axis.

RSTrendX Properties

]

MHame ] General] Display] Penz  #-huis l"(-.&r:is] Template] Sampling] StartTrigger] Stop Trigger]

Chart time range

Start date

| Start Date and Start Time
are not available when

Start time zoralling iz allowed. Ta

| —— clear Allow Scrolling, use
the Dizplay tab

Time span

|1 a j| Minute(s) j

Dizplay options
v Dizplay scale
™ Dizplay date on scale
v Digplay grid lines

! Maorgidi
4 =l Major grid linez
[T ! Minor gid
i] =l Minor grid linez

. Grid color

0k | Cancel | | Help |

16. Adjust Y-Axis to Custom and Display Decimal Places to 1 and click OK.

R5TrendX Properties &|

Hame ] General] Displa_l,l] Feng I sy oA lTempIate] Sampling] StartTrigger] Stop Trigger]
Mimimum / maxiniun value options
" Automatic (best fit bazed on actual data)
" Preset  [use min/max setting from Pens tab)

{* Custam
Finimum value

& Actual minimum value o

b axinmum value

f* Actual masimum value 100
Dizplay options Scale options
I lzolated graphing j % izolation -
v Dizplay scale :ll Decimal places

¥ Dizplay gnd lines 4 :ll Maior grid lines | J

. Girid color a j Minar grid lines [ Scale as percentage

QK | Cancel Apply | Help |
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17. Download to the controller and place in Run mode.

18. Open the CC_01 properties, go to the Autotune tab and click Start to run the Autotune
for CV1

Properties - CC_01

General Cnnfiguralionl EU Scaling] Limils] Model] Parameters| Tag — Autotune

Autotune Input; Perfarm dutatung L2 V3
Process Type: v 100 &%
F Change Limit: 0.0+
Autotune Timeout Limit: BO.0 & minutes Ready
Moize Level Medium | e Current Model Yalues

Gair: no
Tirme Cornstant: 0o =
Deadtime: 0o =
Responge Time Congtant: 0o =
Autotuned Model Values
Gain: 0.0
Time Constant; 00 ¢
Deadtime: 00 ¢
Responge Time Congtant:
i H
= 0o =
i H
_SetTunedvalies [«
Statug: ||:\r"1 Ready

Statuz 0K

E=ecution Order Humber: 1

I Mever dizplay description in a routine ak | Cancel | | Help |

CV1 should be highlighted in green and the Autotune Status should show In Progress

v ] Tag Autotune

Perform Autotund L2 V3
Cv1 Step Size: — €3
| Abort
Autotune State; In Progress
FW3EN.doc
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19. When the Autotune is completed the Autotune Status will change to Completed and the
Autotuned Model Values will update

] Tag .t’-‘-.utotune]

Perform Autotune on: % 0y L A i
V1 Step Size: 100 &2
Start ‘ |

Autotune State; Complete

Current Model ¥alues

Gain: 0.0
Time Constant; 00 ¢
Deadtime:

Rezponze Time Constant:
Autotuned Model Values
Gair:
Tirme Cornstant:
Deadtime:
Rezponze Time Constant:
" Slow
* Medium
" Fast

Set Tuned Values | &

Status: |w1 oK.

20. The Medium Response Time Constant is preselected, click Set Tuned Values

e

] Tag .t’-‘-.utotune]

Perfarm Autotune on: 0y " ove R
1 Step Size: |—1DEI 3

Start ‘ ‘
Autotune State: Completes

Current Model Yalues
1.0757825
155
BES5
7.3333335

Gair:
Tirme Cornstant:

Deadtime:

Responge Time Congtant:
Autotuned Model Values

Gain:

Time Constant; .

Deadtime: ES g

Responge Time Congtant:
" Slow 5
* tedium 7.3333335 =
" Fast 5

(oo T i

Status: ||:v1 oK.
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21. Run the autotune for CV2 by selecting Perform Autotune on CV2 and clicking Start.

] Tag .t’-‘-.utotune]

Perform dutotune on: - O 0 A i
2 Step Size: 100 2%

Ready
Current Model ¥alues
Gain: 0.0
Time Constant; 00 ¢
Deadtime: 00 ¢
Rezponze Time Constant: 00 s
Autotuned Model Values
Gair: no
Tirme Cornstant: 0o =
Deadtime: 0o =
Rezponze Time Constant:
('“ g
o 00 ¢
('“ g

TR

Status: |EV2 Ready

CV2 will turn green and the status will show In Progress.

] Tag Autotune]

Perform dutotune on: 01

CW2 Step Size:

| Abort ‘

Autotune State: It Prodgress

FW3EN.doc
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22. When the Autotune is completed the Autotune Status will change to Completed and the
Autotuned Model Values will update
] Tag Autotune]

Perfarm Autotune on;. (01 * Cv2 V3
CW2 Step Size: 100 &%
Start ‘ |

Autotune State: Completes

Current Model Yalues

Gair: no

Tirme Cornstant: 0o =
Deadtime: 0o =
Responge Time Congtant: 0o =

Autotuned Model Values

Gain:

Time Constant;

Deadtime:

Responge Time Congtant:
" Slow
* tedium
" Fast

Sef TunedWValues: |

Status: ||:v2 oK.

23. The Medium Response Time Constant is preselected, click Set Tuned Values

[t |

] Tag Autotune]

Perform Autotune on: Ly v Y2 " W3
CW2 Step Size: I—'IDD L4

Start ‘ ‘
Autotune State: Completes

Current Model Yalues

1.0121733
30.0
135
14.5

Gair:
Tirme Cornstant:

Deadtime:
Responge Time Congtant:
Autotuned Model Values
Gain: .
Time Constant; 30.0
Deadtime: 135
Responge Time Congtant:
" Slow &
i+ Medium 145
" Fast &

(oo T i

Status: ||:v2 oK.

LI

w“
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24. Run the autotune for CV3 by selecting Perform Autotune on CV3 and clicking Start.

| Tag .&utntunel

Perform Autatune o € LW oV

CW'3 Step Size: ’—100
Start | |

Autotune State: Ready

Current Model Values

Gain: 0n

Time Constant: 00 s
Deadtime: 00 s
Responze Time Constant: 00z

Autotuned Model ¥Yalues

Gair: oo
Time Constant: oo s
Deadtine: oo s
Responze Time Constant:
o S
(v 00 s
o S

[ setumg e

Status: |Ef\n‘3 Ready

CV3 will turn green and the status will show In Progress.

] Tag .t’-‘-.utotune]

Perfarm Autobune are (01 " ove
3 Step Size: B\
| Abort ‘

Autotune State; In Progress
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25. When the Autotune is completed the Autotune Status will change to Completed and the
Autotuned Model Values will update.

] Tag .t’-‘-.utotune]

Perfarm Autotune on: 0y " ove ¢ CW3
3 Step Size: |—1DEI 3

Start ‘ ‘
Autoture State: Complete

Current Model ¥alues

Gain: 0.0

Time Constant; 00 ¢
Deadtime: 00 ¢
Rezponze Time Constant: 00 s

Autotuned Model Values

Gair:

Tirme Cornstant:

Deadtime:

Rezponze Time Constant:
" Slow
* Medium 21.EEEEEE
" Fast

[so e i

Status: |w3 oK.

26. The Medium Response Time Constant is preselected, click Set Tuned Values

[xmtvam ]

] Tag .t’-‘-.utotune]

Perfarm Autotune on: 0y " ove ¢ CW3
3 Step Size: |—1DEI 3

Start ‘ ‘
Autotune State: Completes

Current Model Yalues

1.0151004
45.0
17.0
20.6BEREE

Gair:
Tirme Cornstant:

Deadtime:
Responge Time Congtant:

Autotuned Model Values

Gain: 1.0151004
Time Constant; 450 ¢
Deadtime: 17.0 ¢
Responge Time Congtant:
" Slow &
* tedium 20.66666E =
" Fast &

[eort e

Status: ||:v3 oK.
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27. Click on the Model tab

Properties - CC_01

General Configuration | EU Scaling| Limits  Model ] Parameters| Tag | Autotune

Calculate Ermor ds:

Process Type: W
Model Factor: l—
vl w2 V3

Frocess Gain Sign: |F'Dsitive j |F'nsitive j |F'nsitive j
Modsl Gain: | 10757825 | 10121793 | 1.0181004
Model Time Constant: | 155s | w00 | 450 ¢
Model Deadtime: | ESs | 135 ¢ | 17.0 ¢
Response Time Constant. | 733W s | 145 ¢ | 20.66E566 ¢

Statuz 0K

E=ecution Order Humber: 1

I Mever dizplay description in a routine ak | Cancel | Help

The internal models being used for each of the outputs is shown here.

28. Open the CC_Simulation trend and click Run to begin trending.
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29. The state of the CC control is Operator — Manual. Change SPOper to ‘40’ and CV1Oper
to ‘10, click OK and observe the trend.

Properties - CC_01 g|
General Cnnfigurationl EU Scaling] Limniits ] todel Parameters l Tag l Autotune]

8. | Check In.. |alue |ttddto | &Check Dut.. |~
|| [T SPOper 40.0 REAL 5P Dperator value, scaled in FY units, SP set to this value whe...
|| [ | SPHLimit 100.0 REAL SP high lirnit value, scaled in PY units.
|| [ SPLLimit 0.0 REAL SP low limit value, scaled in PY units.

LT CVTFaul 0/BOOL Control variable 1 bad health indicator. If CY1EL contrals an an...
LT CvEFaul 0/BOOL Control variable 2 bad health indicataor. If CY2EL contrals an an...
LT CW3Faul 0/BOOL Control variable 3 bad health indicataor. If CY3EL contrals an an...
LT DnitReg 0 BOoOL 41 initialization request. Thiz zignal will normally be contralled b...
LT DVelnitReqg 0 BOoOL CW2 initialization request. Thiz zignal will normally be contralled b...
LT DV3lnitReqg 0 BOoOL '3 initialization request. Thiz zignal will normally be contralled b...
T B ity alue 0.0 REAL CWVIEU initialization walue, scaled in CYTED units, When T ni..
LT DVEInity alue 0.0 REAL CW2EU initialization value, scaled in CY2ED units, When CV2lni...
LT BV3Inity alue 0.0 REAL CW3EU initialization walue, scaled in CY3EU units. When CV3lni...
LT C¥1Prog 0.0 REAL Cy1 Program-t anual walue, CW7 iz zet to this value when in Pro...
N 0.0 REAL L2 Program-t anual walue, CW2 iz zet to this value when in Pro...
| | CW3Prog 0.0 REAL '3 Program-t anual walue, CW3 iz zet to this value when in Pro...
LT C10per 0.0 Cyw1 Operator-tanual walue, T iz gt to thiz value when in Op...
LT CvE0per 0.0 REAL CWw2 Operator-tanual walue, T2 iz gt to thiz value when in Op...
T Cv30per 0.0 REAL Cy'3 Operator-tanual walue, 03 iz gt to thiz value when in Op...
LT B 0venidel alue 0.0 REAL CW1 Overide walue. T set to this walue when in Overide mod...
Save Inztruction Defaults |

Statuz: OF

Execution Order Mumber: 1

™ Mever dizplay description in a routing Ok Cancel | | Help |

Always click Apply after each change.

Note: The trend will show a response to the CV1Oper change since the CC control is in
manual. The SPOper change will not affect anything at this time since we are not in Auto
control.
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30. Put CV1Oper back to zero, let the PV settle back to zero and then make CV20per 10.
Repeat for CV3Oper. Observe the trends.

Diszolved_O=ygen Wednesday, February 13, 2008

—

4414 AM O 34614 34814 35014 35214 35414 Ak

[ma | [ | [ = | [ o0 | [ » | [ ] [ 1]

Note that the dissolved oxygen levels respond to each of the outputs being moved from 0 to
10. The response is slightly different for each of the CV actions.

Put CV3Oper value back to zero and click Apply
31. Now put CV1 into auto by entering a ‘1’ into OperCV1AutoReq and then clicking Apply.

IMPORTANT: the OperCV1AutoReq is a front edge request, meaning as soon as you
Apply it triggers back to 0

Properties - CC_01

General Cnnfiguralionl EU Scaling] Limils] haodel Parameters*l Tag I Aulotune]
8. | Check In.. |alue |ttddto | &Check Dut..
| | ™ OperdperReqg 0 BOoOL Operator Dperator Bequest, !
14 [ OperCvlAutoReq BOOL Operator-Auto mode request
| | OperCy24utoReq 0 BOoOL Operator-Auto mode request
| OperCy34utoReq 0 BOoOL Operator-Auto mode request
| OpeCY¥1ManualReq 0 BOoOL Operator-t anual mode reque
|| [T | OperCY2ManualReg 0 BOoOL Operator-t anual mode reque
|| [T | OperCyY3ManualReg 0 BOoOL Operator-t anual mode reque

Note: The ‘1’ is a one-shot entry and will return to a ‘0'.
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Note that AgitatorSpeed (CV1EU) has been adjusted to control the DissolvedOxygen to the
setpoint of 40. The Target value for CV1 is 5, but since the only control available is CV1
(CV2 and CV3 are still in manual), CV1 is adjusted as needed to reach the setpoint.

Properties - CC_01 @
General Configuration l EU Scaling] Limils] Model] Paramelersl Tag I Aulotune]
Timing
tode:
Overzample Ak 3
RTS Period: s
Control Variables
[ Use CV Track Values o o2 o3
OV Track Value: | 4 | 4 | %
Dveride Yalus: | 0oz | 0oz | 00
Target Walue: | 50 | 150 5 | 100 3
First Second Third
Drewiation Action Priority: |C\.f‘| j |[:\.f2 j Cw3 -
Drrive to T arget Pricrity: |C"J1 j |E."J2 j |E."J3 j

Target Responze Time Constant: 300 4

[ Program Control % alue Reset
[~ Manual Mode after Initialization

[ P Tracking

Statuz 0K

E=ecution Order Humber: 1

I Mever dizplay description in a routine ak | Cancel Help
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32. Put CV2 into auto too.

Properties - CC_01

General Eonfiguratinn] EU Scaling] Limitsl todel Parameters"] Tag ] .&utnlunel
4U..) &Check In. | alue |#8ddte | &Check Out..
| | [T DperProgReq 0/BOOL Operator Program Request. Set T
| | [T DOperDpeReq 0/BOOL Operator Operator Request. Set
| | [T OperC¥autoReq 0/BOOL Operator-Auto mode request far 0
14 [T OperCy¥2autoReq EOOL Operator-Auto mode request for C
| | [T DperCv3AutoReq 0/BOOL Operator-Auto mode request far 0

Note that AgitatorSpeed (CV1EU) has been reduced to its target value (5) and AirFlow
(CV2EU) adjusted to control the DissolvedOxygen to the setpoint of 40. The Target value for
CV2is 15, but since the only control available is CV1 and CV2 (CV3 are still in manual), and
CV1 is the first priority to stay at target value, CV2 is adjusted as needed to reach the
setpoint.

Control Wariables

™ Usze CV Track Values v oy oy

Cv Track Yalue: | b4 | 4 | %

Dverride Value: | 0o | 0o | 0.0 %

Target ¥ alue: | 5.0 = | 150 = | 100 5
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33. Put CV3 into Auto.

Properties - CC_01

Gerneral Cnnfigurationl EL Scaling] Limits] Model Parameters“l Tag l Autotune]
8. | Check In.. |alue |ttddto | &Check Dut..
|| [T | OperProgReq 0 BOoOL Operator Program Regquest. Set TRUE
|| [T | OpeDperfieqg 0 BOoOL Operator Dperator Bequest, Set TRUI
LT OperCy1AutoReq 0 BOoOL Operator-Auto mode request for 01,
| | [T OperCW2dutoReq 0 BOoOL Operator-Auto mode request for CWE,
|4 [ OperCW3sutoReq Operator-Auto mode request for W3,

ce_od
cc

Coordinated Control
527453276

—r

15 026552
="

20 050295

—FY CwHEL
5P Fmg CwZEL
CW3IEU

MP C_AgitatorSpesdi
MAP C_aAirF Lo

hP C_Pressure1
CI: WF C_Dissolve d Ty gen_SF1

SR

FrogQpear [«

[+
[
W Aute [5
CW2futo @

=

CW2huto =

Note that AgitatorSpeed (CV1EU) has been reduced to its target value (5), AirFlow (CV2EU)
has been reduced to its target value (15) and Pressure has been adjusted to control the
DissolvedOxygen to the setpoint of 40. The Target value for CV3 is 10, but since CV3 is the
lowest priority it is adjusted as needed to reach the setpoint.
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34. In the General Tab change the Drive to Target Priorities and observe the changes in
the three outputs.

Control ¥ariables

I Use CV Track Yaluesz o1 Oy v
Cv Track Yalue: | b4 | 4 | %
Dverride Value: | 0o | 0o | 0.0 %
Target Value: | 50 | 150 5 | 10.0 =
First Second Third
Deviation Action Priarity: |I:‘\,"1 j |I:\,"2
Drive to Target Priority: d |Dv"2
oo
co .|

Coordin ated Contral

14 02444
— P CWEL I WiF C_aAgitatorSpees di
16.001728
JSFFPmrg CW2EL I3 MAP C_AirFlaanr
10.083127
CWEEL hiF C_Pressured
40.0

SP

Cli MF C_Dissolwe dborgen_SF1

FrogOper
CuAuta
CvZaute

CvW1banual

|
Fl
al
a
Cw2auto |
al
CWZManual |
al

Cwiahianual

Notice that CV2 and CV3 (now having the highest priorities) are being brought at their target
values and CV1 is being adjusted to meet the setpoint.
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35. Leaving our priority setting as they were, change the Operator SP to 60.

Properties - CC_01

General Eonfiguratinn] EU Scaling] Limitsl fodel F'alameters"] Tag ] Autatune
8. &Check In... [ alue |ttddto | &Check Out..
| | [T Enableln 1/BOOL Enable Input. If Fal
| P 3399792 REAL Scaled process val
L[ PyYFaul 0/ eaoL P bad health indic
1| [T PYEUMax 100.0|REAL M aximum scaled w
[T PYEURin 0.0/ REAL Minirmurn scaled wa
| | ¥ 5PProg 0.0/ REAL SP Program walue,
19 [~ 5SPOper REAL SP Operator value,
cC_o1
oo m
Coordinated Control
34 74828
—rv oWIED [ WP ©_Ag itaterSpee di
15 .0HMG155
JSFFmrg CYWZEU T TP C_girF lounrl
00107555
CW3EU MP C_Pres=sured
SP B0 CI: MF C_Dissolve d kv gen SP1
i _ H
ProgQper 31
LW Auto 31
CW2Auta 3_1
CW3Auta 30
W itanual |
T2 hdanual :IE
CWikanual |

CV1 is adjusted to meet the setpoint. CV2 or CV3 did initially move from their target values,
but eventually went back to their target values.
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36. Changes the setpoint to 85 and priorities as shown. Observe the reaction of the control.

Control Variables

[ Use CV Track alues o4

(I

OV Track Value: |

% |

Owerride Yalue: |

0oz |
50y |

Second

V3

% | %

0oz | 00 %

15.0 2 | 10.0
Third

| oz

| fon

SP and PV

Target W alue: |
First
Deviation Action Priority: |E.‘\.f1
Dirive ta T arget Priority: |C‘v’3
Co_oq
cc [l
Coordinated Control
S.A0372T6
— P CwAED T
6997313
5P FProg CWZED 1
10.002574
CWZEL
25.0
SF

WP C_AgitatorSpes di
WP C_AirF ot
P C_Pressure1

FrogOper
£ Aurto
L2 Aurtn

CWhanual

[ 1
Fl
al
a

CW3Aute |1
al

CW2hlanual |

Fl

CW2hanual

End of lab 2
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CONGRATULATIONS!

YOU HAVE COMPLETED THE ADVANCED PROCESS CONTROL
HANDS-ON LAB!

You can find this workbook on
www.rockwellautomation.com/events/au





