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Abstract

The use of automated distributed control systems has become a widely discussed topic as
industry attempts to maximise efficiency. An increase in automation technology has resulted
in demand for “industry ready” graduate engineers with knowledge and experience with such
technologies. Murdoch University (Murdoch) provides students with exposure to industry
standard automation systems such as Honeywell’s Experion Process Knowledge System (PKS),
a Distributed Control System (DCS) designed for the control and optimisation of industrial

plants.

Presently, Murdoch uses Experion to monitor and control its pilot plant, exposing
instrumentation and control students to the configuration and control of an industrial plant.
Additionally, Murdoch holds a second Experion simulation license providing the ability to
program and simulate process and control strategies. This project scope was to explore
several key areas of the Experion simulation system followed by the development of a series of
learning materials to facilitate the teaching of the Experion system to students for a new unit

to be introduced at Murdoch University in 2017.

The methodology adopted to achieve the project outcome involved developing a
comprehensive understanding of Experion and its associated applications, before building a
series of example simulation programs for the purpose of implementing and testing a variety
of Experion’s control strategies. Additionally, real-time control of the Experion simulation
programs, using third party process control software, was achieved. The successful
interoperability of MATLAB, Simulink, and LabVIEW with Experion provides an avenue for

implementing advanced control strategies both in simulation and on Murdoch’s pilot plant.

At the conclusion of the project, an extensive list of learning materials was produced, providing
comprehensive procedures to enact tasks within the Experion system. This includes initial
setup and configuration, development of simulated programs and associated Human Machine



Interface (HMI) displays, the implementation of control strategies, and third party process
control software interoperability. These learning materials provide students with an enhanced
learning experience, giving them the skills and exposure required to thrive in the automation

engineering industry as a Murdoch University graduate.



Acknowledgements

Associate Professor Graeme Cole

Lecturer, Murdoch University

Mr Will Stirling

Technical Officer, Murdoch University

Mr David Pol
Engineering Student, Murdoch University
Instrumentation and Control Engineering

Industrial Computer System Engineering

Mr Michael Crooke
Engineering Student, Murdoch University
Electrical Power Engineering

Industrial Computer System Engineering






Table of Contents

AULROI'S DECIATATION ..eneieeeiie ettt et e et e et esbe e e sab e e sabeesnaeesareeenne iii
FAY o1 1 Tl OO PSP UP PP PRPTOPTON iii
ACKNOWIEAGEMENTS ....eeiiiiiiiei ittt e e e et e e e et e e e s ebte e e e ebteeeeeabteeeeenbeaeeeenseeeaeannes v
LISt Of FIGUIES ettt et sb e st st ettt e b e s b e saeesateebeenbeesbeesaeenas Xi
LIST OF TaBIES ..t ettt e s e s be e e st e st e e s b e sabeesbeeesbeeeneeas XV
(R o) 3 Lo [T | 4 Te Yo TP Xvii
L] o] (S 7Y o o 1T o [ ol TP Xix
List Of ADDIreVIatioNS. ...ccueiiieiieeee ettt XXi
1 INEFOAUCTION Lttt ettt st st s e be e 23
1.1 Overview of the Honeywell Experion Process Knowledge System..................... 23
1.2 PrOJECT SCOPE oiiiiiiiiieeeee ettt e e e s s st e e e e e s s s ssabeaaeees 24
1.2.1 Phase 1 — Experion Configuration, Simulation and Control...........cccceeeecineeenns 25
1.2.11 System Architecture and Navigation.........ccceevvciieiieciiee e 25
1.2.1.2 Configuring and Programming within EXperion ........cccccevvevveeeeciveeescineeenn. 25
1.2.1.3 SiMulation and TeSEING ....cccuviiiiiciiie e 25
1.2.2 Phase 2 — OPC Connectivity and Data EXChange........ccccccveeeeeciieeieciieee e 26
1.2.3 Phase 3 — Documentation of Learning Materials..........ccccceeeeiiiiiicciieeeccieeeees 27

2 TEChNICAl REVIEWS ...ttt st sttt s 28
2.1 Honeywell Experion Process Knowledge System........cccocvveevvcieeiiicieeeinciiieeennns 28
2.1.1 EXperion System TOPOIOZY ...cccuveeeeeiiiee ettt ettt ettt et e e e ebre e e e eaees 28
2.1.2 Honeywell C300 Simulated Controller and Control Execution Environment ..... 29
2.2 Experion Tools and Applications.........ccecciiieiicieei i 30
2.2.1 Configuration STUIO .....cccccuiiieieciiie ettt e e e e e eaaaeeeeas 30
2.2.11 Enterprise Model Builder (EMB) .......ccoociieiiiiiie et 31
2212 CONErOl BUIIAET ..ottt 31
2213 QUICK BUIIAET ...ttt e s 33
2.2.14 SYSEEM DiSPIAYS ..vvviieeiiiieeceee ettt e et e e reeeeas 33
2.2.15 HMIWeb Display BUIlAEr ..........uuiiieeeieciieeeee et e e e e 35
2.2.16 SEALION e 35

Vil



2.3
231
2.3.2
2.3.3

234

3.1

3.2

4.1
4.2
4.2.1
4.2.1.1
4.2.1.2
4.2.2
4221
4.2.2.2
4.2.3
4.23.1
4.2.3.2
4.2.33
4.3
431
43.1.1
43.1.2

43.13
43.1.4
4.4
44.1
4411
4.4.2

44.2.1

viii

OPC Data CommUNICAtiION.....ccoiuiiieiiiiieeeeee e 36
Kepware OPC QUICK ClIENT ...cc.vvieeccieee ettt e e 36
IMIATLAB . ...ttt ettt st st ettt b e s bt sae e et et e e b e e sbeesaee st e saneebeennes 37
SIMUIINK et e e s e 37
LABVIEW L.ttt sttt ettt et st st st 37
Project CONSTIAINTS . ....uviiiiiiiiiiiiieee ettt e e e e e e siereeeeee s 38
Technical Issue With EXPerion SEIver.......cccccveieccciee et 38
OPC Data AcCess ReSTIICLIONS. .. ..ueieiiiiiieieiieee e 38
Delivery against Project Scope — Phase L.......ccoceeieiiieeeciiiee e 39
System Architecture and Navigation ......cccccceviviieiiiiiieee e 39
Configuration and Programming.......c..ceecciveeeeiiiiieeeciiee et e e esiree e svae e e e saaeee e 39
Enterprise Model Configuration ........ccoecvieiicciiii i 39
System Model (Server Configuration) .......cccceecveeeiieecieeccee e 41
Asset Model and Configuration.........ccccueeeeciieiecciiiee e 41
Controller and Control Module Configuration..........cccceeeeciieeeeiiieee e, 42
Simulated C300 CoNtroller ......occueiiiiiiiiieeiieeiee et 43
Continuous and Sequential Control Module Development........cccccecuvveennn. 44
Process Monitoring TEChNIQUES........uiii i 45
Microsoft Excel Data EXChaNnge ........ccoooouveeiiciiie i 45
Human Machine Interface.......cccoeeriiniiiiieiiee e 46
SEALION vttt 47
SiMUIAtion @Nd TESHING....ccieiiiieieciee e e ree e e 47
T A O ] o LY GV =T o o SRR 48
First Order System Example — Control Module Development.................... 48

First Order System Example — Microsoft Excel Data Exchange

DLV ] (o o1 o =T o} SRR 52
First Order System Example — Human Machine Interface...........ccueeun...e. 56
First Order System Example — Simulation, Testing and Validation.............. 56
Experion Control Strategy Implementation.........cccccviieeeeeiiiccciieeee e, 62
Conventional Feedback Proportional Integral Derivative Control...................... 63
Conventional PID Control Testing and Validation.........cccccceevveciiienennennn. 65
Cascaded Feedback Proportional Integral Derivative Control..........cccccceeennnnes 68
Cascaded PID Control Testing and Validation ........cccccveeviiiieeiiicieeecciieeen, 71



4.4.3
443.1
4.5

5.1.1
5.1.2
5.1.3
5131
5.1.3.2
514
5.2

6.1
6.2
6.3

7.1
7.2
7.3
7.4

7.5

10

Model-Based Predictive CONTIOl ......ccoooviiiiiieee ettt 75

Model-Based Predictive Control Testing and Validation ...........cccceeeuneeee. 77
Phase 1 Concluding REMATIKS .......coccuuiiiiiiiiee ettt et e e ebae e e 79
Delivery against Project Scope — Phase 2........ccveiveiiieiiciiiee et 81
Experion OPC Configuration.........coccuiiiiiciiii ettt 82
Data Exchange with OPC Quick CHent........coivvciiiiiiiiiee e 82
Data Exchange With MATLAB .......cocciiii ettt e e e e e 84

IMATLAB ...ttt st st ettt e sbe e st st st e bt e smeesaeeeneees 85

SIMUIINK L e 89
Data Exchange With LAbVIEW .......occviiiiiiiiiiiieec ettt e e 96
Phase 2 Concluding REMAIKS ......cceeruieiieiiiiiieeeeeieesee et 104
Delivery against Project Scope — Phase 3.......cccveveeciiiiecciiee e 105
Experion PKS Learning Material..........coocciieeeciiiii e 105
Experion Learning Material TEStING ....ccevcviieiiiiiieeeciiee et 108
Phase 3 Concluding REMAIKS ......ccceruieiieriiiieeieeeeiee et 109
Proposed FULtUIE WOrK........coiecuiiiiiiiiie sttt e svae e e s saaee e 111
Sequential Control MOdUIES .........oeeeeiiiieecciee e e e 111
OPC Data POiNt DiSCrepanCi©S........uuueeeeeiirnriiiiieeeeeeesisiieieeeeesssssisseeeeesssssssnnenee 111
Advanced Control Scheme Continuation ..........ccecueecieeveeneenienecrceeeeeee 112
Pilot Plant MoOdelliNg........c.ueeiieiiee ettt e e e 112
Process Control Software for Physical Pilot Plant Control.........cccceevveeeeinneenn. 114
Summary and Concluding REMArkKS .........coccvuveieiiiieieciee e 115
REFEIENCES. ...ttt st sttt et e s e e s 116
AN o] 0 1= o | ol Y-SR 119






List of

Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:

Figure 9:

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:
Figure 19:

Figure 20:

Figure 21:

Figure 22:
Figure 23:
Figure 24:
Figure 25:
Figure 26:
Figure 27:
Figure 28:
Figure 29:

Figures
BasiC DCS ArChiteCTUIE .....eeiiieiee ettt et 23
EXperion System TOPOIOZY ....ceeeuriieieiiie ettt ere e e saae e e e e e e e eaaaeeeeas 29
Configuration StUdIO HOME......coi i 31
Control Module Example — Discretised First Order System .......ccccccevevvciereviceeeeennneen, 32
Sequential Control Module Example - Maintenance Program .........cccccecvvveeeecveeeennns 33
(oY o] Y L=l 2o T o 1U ] JA PSR 34
Process Monitoring TreNd......coccuiii it e e saaee e 34
Example HMI Display - First Order System with Feedback Control ..........cccceeeunnneen. 35
Station Human Machine Interface — Murdoch University Pilot Plant..........ccccceeeenane 36
Configuration Studio — Task [iSt.......ccccciiiiiiiie i 40
ASSET MOttt st sttt e sb e be e s 42
Configuration Studio - Control Builder Tasks .........cccceeeeeiiireeeeeeeeccciieeeeee e 43
Controller COMPOSITION ....ciciiiei it e sbee e s s bee e e s sabee e e sareeas 43
Control Module ASSINMENT .....c.uiiiieciee et e et e e e e ebe e e e e 44
Mathematical Expression Control Module ..........cceeecvieeiiiiiiecciiiec e, 45
Microsoft Excel Data Exchange - First Order System Example ......cccccovveeevcieeeennnnn. 46
Control Module Configuration ...........ccueeiieiiie e e 49
First Order System Function Block Arrangement........cccceeciieeiiiiieecccieee e, 50
First Order System Control Module Complete Configuration...........ccccceeeeciveeennneen. 50

First Order System Control Module Dynamic Monitoring (snapshot approx. 35

L G =] o) FO RS UURRIN 52
First Order System Control Module Dynamic Monitoring (snapshot approx.

Y Y = o {=Y o) U UUTRSPRRt 52
MEDE Chart of the First Order System EXample .......ccooveeeviiiiiiiiiieieciee e, 54
MEDE Chart of the First Order System Example (Dynamic Response) ..........c.......... 55
Complete First Order System Example HMI........cccoooiviiiiiiiiie e, 56
Least Squares Regression First Order RESPONSE .....ccccuveeeeeciieeeeiiieeeecieeeeeiree e 59
Simulink Model - First Order System Testing......cccvveeeeeiiecciieeee et 60
First Order System Response COMPAriSON ........ceeeeeeeeeecciiiieeeeeeeeeicrrrereeeeeeessnnsseeeeeens 60
Sample Time Comparison Test (100mMs and 50MS) .....cccceeevveeeieeerireeeiieenireeecreeesnen 61
o T=T g o o T 10 N = o Yol 63

Xi


https://studentmurdochedu-my.sharepoint.com/personal/32230141_student_murdoch_edu_au/Documents/Thesis/Thesis%20Document/Thesis%20Document%20FINAL.docx#_Toc470257247
https://studentmurdochedu-my.sharepoint.com/personal/32230141_student_murdoch_edu_au/Documents/Thesis/Thesis%20Document/Thesis%20Document%20FINAL.docx#_Toc470257248
https://studentmurdochedu-my.sharepoint.com/personal/32230141_student_murdoch_edu_au/Documents/Thesis/Thesis%20Document/Thesis%20Document%20FINAL.docx#_Toc470257254
https://studentmurdochedu-my.sharepoint.com/personal/32230141_student_murdoch_edu_au/Documents/Thesis/Thesis%20Document/Thesis%20Document%20FINAL.docx#_Toc470257255
https://studentmurdochedu-my.sharepoint.com/personal/32230141_student_murdoch_edu_au/Documents/Thesis/Thesis%20Document/Thesis%20Document%20FINAL.docx#_Toc470257270

Figure 30:
Figure 31:
Figure 32:
Figure 33:
Figure 34:
Figure 35:
Figure 36:
Figure 37:
Figure 38:
Figure 39:
Figure 40:
Figure 41:
Figure 42:
Figure 43:
Figure 44.
Figure 45:
Figure 46:
Figure 47:
Figure 48:
Figure 49:
Figure 50:
Figure 51:
Figure 52:
Figure 53:
Figure 54:
Figure 55:
Figure 56:
Figure 57:
Figure 58:
Figure 59:
Figure 60:

Figure 61:

Xii

First Order System with PID Control Module...........cocccuviiiiieeiiiciieeeee e, 63

First Order System with PID Example MEDE Chart (Dynamic Response) ................. 65
First Order System with PID Example HMI........cccoviiiiiiieicieeeectee e 65
Simulink Model - First Order System with PID Control.......c.ccceevvcieeeincieeenicieeeenne 66
First Order System with PID Response COMPAriSON .........cccceeeeecieeeeeiveeeessveeeesnnnnen 67
Simulink Model - Cascade Control STrategy ......ccoccveeeeecieeeiecieee e 68
Experion Control Module - Cascade Control Strategy .......cccccevvcveeeeriveeeeniieee e, 69
Experion Control Module - Cascade Disturbance .........cccoecvveeeeiieeecccieee e, 70
Cascade CoNntroller ProPerties .......eiicccieeeiciieeecciiee et e et eetae e e e e e 70
Cascade Control Strategy HMI .......coooiiiiiiiiiie ettt 71
Cascade Control Response COMPAriSON.........eeeecuieeeeeiiieeeeciieeeeetre e e eeteee e e ereeeeeareeas 73
Cascade Control Process Variable Response COomparison ........cccceeeeeveeeeenveeeeennneen. 74
Cascade Control Controller Action COMPAriSON .......ccccveeiecieeeeeiiiee e crieee e 74
PID-PL FUNCLION BIOCK. .. .eiiuiiiiieieeieeteeseereee ettt 76
Profit Loop Assistant Model by Direct Entry ......cccceeeeieeeiiiieiicciec e, 77
Model-Based Control Testing - Settling Time Comparison ........ccccceeveveeeencieeeeenneen. 78
Model-Based Control Testing - Settling Time Comparison Refined...........c.............. 79
EXPErion OPC SErver STAtUS ....coovcueiiiiieieie ettt ettt e e srrre e e e e e s s asreeaeee s 82
OPC Quick Client FOS TeSt ValUES ......ccocuiiiiiiiiiieieeeriee ettt 83
OPC EXperion FOS TeSt ValUES .......ceiiiiieiiceee ettt et et 83

OPC Quick Client FOS Step Input Dynamic Monitoring.........ccceeecvveeeeeciveeescivee e, 84
MATLAB / Experion OPC First Order System - Data Exchange Block Diagram.......... 86
MATLAB TeStING — PV VaAlUE ..ottt ettt e 87
MATLAB Testing First Order System (Step input 20-30) ......cceeevveeecreeecireeriee e 89
Simulink OPC Communication BIOCKS ........ccccceviiriiriiriineeeereesee e 90
Simulink / Experion OPC First Order System - Data Exchange Block Diagram.......... 91
Simulink OPC Model - First Order System Monitoring and Control...........cccccveeennn. 91
Simulink OPC Testing - First Order System Response att =50S .......ccccccvveeerciveeeennns 92
Simulink OPC Testing - First Order System Response at t =100s .........ccccceeeeeeennnnnes 92
Simulink OPC Testing First Order System (Step input 20-30) .....cccoveeevcieeeiecineeenns 93

Simulink / Experion OPC First Order System with PID Data Exchange Block
DI T=d -1 o o F TR 94

Simulink OPC Model — First Order System with PID Control.........ccccceevciveeincineeenns 94


https://studentmurdochedu-my.sharepoint.com/personal/32230141_student_murdoch_edu_au/Documents/Thesis/Thesis%20Document/Thesis%20Document%20FINAL.docx#_Toc470257284

Figure 62:
Figure 63:
Figure 64:
Figure 65:
Figure 66:
Figure 67:
Figure 68:
Figure 69:
Figure 70:
Figure 71:

Figure 72:

Figure 73:
Figure 74:
Figure 75:
Figure 76:
Figure 77:
Figure 78:
Figure 79:
Figure 80:
Figure 81:
Figure 82:
Figure 83:
Figure 84:
Figure 85:
Figure 86:
Figure 87:
Figure 88:
Figure 89:
Figure 90:
Figure 91:
Figure 92:

Figure 93:

Simulink OPC Testing - Standalone Simulink Model ...........cccvveeeiiiiiciiieeeeeeees 95
Simulink OPC Testing - First Order System With PID ........ccccocviieiiiiiie e 95
LabVIEW OPC Shared Variable ENGINe .......c..ceeeiiiiireiiieee ettt 97
Shared Variable Node Configuration .........ccccueeiiviiiiiinciiis e 97
Shared Variable Node - Read and Write Values..........cocceeveeieeieeniiniieniieseeneeneee 98
LabVIEW / Experion OPC First Order System - Data Exchange Block Diagram.......... 98
LabVIEW OPC First Order System Block Diagram .......cccceevcveeeiniieeeiniiieeesieee e 99
LabVIEW OPC First Order System Front Panel ........ccccoeeeeeiiiiiiiiiei e, 99
LabVIEW OPC First Order System RESPONSE .......eeeeevveeeeeciieeeecieeeeeeiree e eevee e e 100
LabVIEW OPC Testing First Order System (Step input 20-30).......ccccceevveeveveeecreennns 100
LabVIEW / Experion OPC First Order System with PID - Data Exchange Block
[DIE:T={ - 1 o o HOO OO PPPPTP PP 101
LabVIEW PID Block Implementation .........cccceeveiieeiiiiiin s 101
LabVIEW OPC First Order System with PID Block Diagram.........cccccccvveeeeivveeeennneen. 102
LabVIEW OPC Testing First Order System with PID..........ccccceeveiieiiiciiee e, 103
First Order System Monitoring and Control with MEDE...........ccccceevieiivicieeeennen. 122
First Order System Least Squares Regression Analysis Screenshot ............c........... 123
System 1 - First Order System with PID - Test L.....ccccevciieeeeiiiieeeiieee e 124
System 1 - First Order System with PID - Test 2......c.cevvvviiieiiiiiee e 124
System 1 - First Order System with PID - TeSt 3......c.cccooeiiiieeeiiee e 125
System 1 - First Order System with PID - TeSt 4.......coevvciieiiiiiiieeecieee e 125
System 2 - First Order System with PID - Test L.....ccccevciiieiiiiieeeeciree e 126
System 2 - First Order System With PID - TeSt 2........coeeciieeeeiiiiee e 126
System 2 - First Order System with PID - Test 3......cccevviiiiiiiiieeecree e 127
System 2 - First Order System with PID - TeSt 4.......oovvvviieieiiiieieecieee e 127
Cascade Control Response Comparison Test 1 (Disturbance +8 at Time =5s)........ 128
Cascade Control Response Comparison Test 2 (Disturbance -8 at Time =5s) ........ 128
Cascade Control Response Comparison Test 3 (Disturbance +5 at Time =5s)........ 129
Cascade Control Response Comparison Test 4 (Disturbance -5 at Time =5s) ........ 129
Open Loop Step Test (Step input 25-35 at time = 10S) ....ceeevveeecreeeiieeiiee e 130
Model-Based Predictive Controller Test (Setpoint Change 50-70 at time = 10s) ... 130
Model-Based Control - Performance Ratio Comparison.........cccccceeeecueeeeecreeeeennneen. 131
MATLAB OPC Step Test (Step input 20-30) ......eeeeiieeereeeeieeciee e eereeereeerveeeeree s 136



Figure 94: MATLAB OPC Testing - First Order System Test (Step input 20-40 at time =

Figure 96: Simulink OPC Controller Testing (Setpoint 60-40 at time = 20s) ........cccccecvveeeennnenn.

Figure 97: Simulink OPC Controller Testing (Setpoint 40-30 at time = 20S) ......ccccceeevveeeennnenn.

Figure 98: Simulink OPC Controller Testing (Setpoint 30-40 at time = 20S) ......ccccveeveveerieenns

Figure 99: LabVIEW OPC Controller Testing (Setpoint 60-40 at time = 20s)........cccccecvvveeennnenn.

Figure 100:
Figure 101:
Figure 102:
Figure 103:
Figure 104:

Figure 105:

XV

LabVIEW OPC Controller Testing (Setpoint 40-30 at time = 20S)......ccccceeeevveeeenns
LabVIEW OPC Controller Testing (Setpoint 30-40 at time = 20S).......cccccveerveennnen.
Michael Crooke Example Mathematical Control Module.........cccceeecvveeiecieeennns
Michael Crooke Example Mathematical HMI .........occoeiiiiiiiiiiiiiiii e
Michael Crooke Example Boolean Control Module .........cccceeivciieiiiciieeinciieeenne

Michael Crooke Example Boolean HMI..........ccccuiiiiiiiiiiicciiee e



List of Tables

Table 1: Numeric Function Block Listing (First Order System Example) ......cccccevveeviiiveeeeiinnneenn. 49
Table 2: First Order System Control Module Execution Order .........cccceeecveeeeiiiieeeecciveeeecieeens 51
Table 3: First Order System Control Module Function Block Testing Parameters..........c........ 51
Table 4: First Order System MEDE Historical Data........cccccuveviiiiieiieciieeecceee e 53
Table 5: MEDE Process Parameters for the First Order System Example........ccccveveiveeeecnneennn. 54
Table 6: Arbitrary PID Controller Parameters ... iecieeeieciieececieee e sreee e e e ssveee e ssnaee e 64
Table 7: First Order System PID Testing — Controller Tuning Parameters ........ccccceeecvvveeeivveenn. 66
Table 8: Cascade Controller Testing - Controller Tuning Parameters.......ccccceeecvvveeecviveeeeccnneeenn. 72
Table 9: Simulink OPC PID Testing — Controller Tuning Parameters.......cccveevvvveeesiveeeesiineeeenns 94
Table 10: LabVIEW OPC PID Testing - Controller Tuning Parameters.......ccccceeeeveeeeecveeeeennen. 103
Table 11: Learning Material DevelopmeNnt Ar€as .........cccccuveeeeeiieeeeeiieeeeecieeeeesreeeeesreeeseenseeas 106

Table 12: MATLAB OPC First Order System Step Test Raw Tabulated Results (Experion vs
[ I = 0 ] > ) RSP 136

Table 13: Simulink OPC First Order System Step Test Raw Tabulated Results (Experion vs
SIMUINK OPC) ettt ettt e et e e e etae e e eetee e e e nbeeeeeareeas 140

Table 14: LabVIEW OPC First Order System Step Test Raw Tabulated Results (Experion vs
LADBVIEW OPC) ..uviiieeireee ettt ettt e ettt e et e e e eetaaeeeeetasaee e aaaeseenasseeesnnneeeenn 145

XV






List of Equations

Equation 1: Continuous First Order SYStEM ......cccuiiieeciieee et e e aaee e e aeeeas 48
Equation 2: Euler Approximation of First Order System.........ccoovicciiiieeeeei e, 48
Equation 3: First Order System Step Response Model ..........ccoocvviviecieiiccciiee e, 57
Equation 4: First Order System for Least Squares Regression ........cccccueeeeecveeeeeciieeeecieeeeeennnen. 58
Equation 5: First Order System Least Square Regression Model........cccccceeevecviiieeeeeeeccccinneeeennn. 58
Equation 6: Conventional PID AIgOrithm ........ooociiiiiee e 64
Equation 7: Experion PID Algorithm (EQA) .....ccccuiiieeiiiiee ettt e vee e e 64
Equation 8: Experion System 1 - PID Controller TEStiNgG .....cueveevivieiieiiieeeerieeeesieeeeeieee e 66
Equation 9: SIMUliNK Pl EQUALION ...ccccuiieiicciieee ettt e et e e et e e 66
Equation 10: System 2 - PID Controller TESTING .....cccccvieeeeiiieee ettt evee e e e 68
Equation 11: Cascade Primary Process (ProCeSS1)....ccueicuuieiueeecieeeiieeiieeenireesreeeieeesiseesveeeeanes 69
Equation 12: Cascade Disturbance System (Disturbance TF1)......ccccoecviieeeiiiieeeciiee e, 69
Equation 13: Model- Based Controller (PID-PL) Process Model .........cccoueevveeercreeeiieecieeeee e 76
EQUAtioN 14: OPC TeST SYSTEM 1ttt e e e e s s s ere e e e e e e s s sbsreaeeeeas 82
Equation 15: LabVIEW Integral Action Algorithm (Discrete) .....cccceeeecieeeecciee e, 102
Equation 16: Simulink Integral Action Algorithm (CoNtiNUOUS) ......cc.ccvvveeeciieerieeiiie e 102

XVii






Table of Appendices

10.1

10.2
10.3
104

10.5

10.6
10.7
10.8
10.9
10.10
10.11
10.12
10.13
10.14
10.15
10.16

10.17

10.18

10.19

Appendix A: Phase 1 Constraint — Solution to Technical Issues with
o 1=l g o INT =] V=] T T TP TP PSP 119

Appendix B: Phase 2 Constraint — Solution to OPC Data Access Restrictions... 120

Appendix C: Euler Approximation for First Order System ..........ccccvveevciveeennns 121
Appendix D: First Order System Monitoring and Control via Microsoft

Excel Data EXchange (MEDE) .....oocvieeiieeceecee et et 122
Appendix E: First Order System Least Squares Regression Analysis

SCIEENSNOTL ..ttt e 123
Appendix F: First Order System with PID Control Testing .......ccceccveeevrcieeennne 124
Appendix G: Cascade Control Strategy Disturbance Introduction Tests .......... 128
Appendix H: Model-Based Predictive Controller Testing..........cccccoveeeeciveenenns 130
Appendix |: MATLAB OPC Data Exchange Functions.........cccoccveeeivcieeeencienecnns 132
Appendix J: MATLAB Script — First Order System Step Test ........cccceeevciieeenns 134
Appendix K: MATLAB First Order System Testing .......cccvveevvcieeiiriieeeeccieee e 136
Appendix L: Simulink First Order System OPC Testing.......ccccceevevcveeenrcieeennnns 140
Appendix M: Simulink OPC Control TEStING ......cceecieeeeecieee et eevieee s 143
Appendix N: LabVIEW First Order System OPC Testing ......cccceevevcveeeercrveeennnns 145
Appendix O: LabVIEW First Order System with PID (OPC) Testing .................. 148
Appendix P: Previous Learning Material AUthOrS ........cccveeeeciieeicciiee e 150

Appendix Q: Tutorial HES-1006 Example: First Order System with PID
CONLIOL. 1ottt ettt st e st sab e e sba e e sabeesbbeesateesabaeenareens 151

Appendix R: Tutorial HES-5007 OPC Data Exchange using LabVIEW ................ 165

Appendix S: Documentation Testing - Michael Crooke Control Modules
AN HM Lttt b ettt 178

XiX






List of Abbreviations

Abbreviation Explanation

AUTO
CAS

CEE

c™M

DCS
EMB
HMI

1/0

ICSE
LabVIEW
MATLAB
MEDE
Murdoch
MV

OLE

oP

OPC

PID

PKS

PV

SCM

SP

SVE

Automatic

Cascade

Control Execution Environment
Control Module

Distributed Control System
Enterprise Model Builder
Human Machine Interface
Input / Output

Industrial Computer Systems Engineering
Laboratory Virtual Instrument Engineering Workbench
Matrix Laboratory

Microsoft Excel Data Exchange
Murdoch University
Manipulated Variable

Object Link Embedded
Operating Point

OLE for Process Control
Proportional Integral Derivative
Process Knowledge Suite
Process Variable

Sequential Control Module
Setpoint

Shared Variable Engine

XXi






1 Introduction

1.1 Overview of the Honeywell Experion Process Knowledge System

Honeywell’s Experion Process Knowledge System (PKS) is a Distributed Control System (DCS)

integrating an advanced process automation platform, with a number of software applications

used for the configuring, monitoring and control of an industrial process (Honeywell 2016c). A

DCS characterises a system controlled by one or more controllers distributed throughout a

process, connected in a network for the purpose of acquiring, communicating and monitoring

data (Schaschke 2014). See Figure 1 for a simplified DCS representation.

Workstations and Servers

\ :

h

A

Instruments and Sensors

Process Controller

0006

Instruments and Sensors

Process Controller

Instruments and Sensors

197

Instrumeants and Sansors

Figure 1: Basic DCS Architecture
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Murdoch acquired the Experion platform and its associated C300 controller with the upgrade
of Murdoch’s Bayer process pilot plant in 2011 (Meiri 2015). Exposure to Experion’s system
architecture and programming methods provides students with an insight into standard

engineering practise for process automation and control in an industrial setting.

The primary aim of this project was the production of a series of specific deliverables to
facilitate the teaching of Honeywell Experion PKS for a new unit to be introduced in semester 1

2017 at Murdoch University.

A previous thesis indicated that the Experion software was updated in 2014 to Experion
release RS-430.1 (Meiri 2015). This release made such significant changes to the operation of
the Experion system that learning materials, previously developed by Gumireddy (Gumireddy
2013) and Nain (Nain 2013) would require revision. In addition, the scope of this thesis was to
update and expand the learning materials to ensure the documentation became
comprehensive in detail. Utilisation of the resultant learning materials will assist students
develop their technical knowledge of the system, whilst guiding them through the
configuration and programming of control strategies. This will improve their understanding of
the configuration, programming and data exchange capabilities of Honeywell’s Experion

environment.

The scope of the project was broken into three distinct phases:

1. Phase 1 — Experion configuration, simulation and control;
2. Phase 2 — Object Link Embedded (OLE) for Process Control (OPC) data exchange;

3. Phase 3 — Documentation of learning materials.
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1.2.1 Phase 1 - Experion Configuration, Simulation and Control

Phase 1 of the project was to understand the Experion system in its entirety. This included
three key areas; system architecture and navigation of the environment (and its associated
applications), the configuration and programming of these applications, and the simulation

and testing of developed programs.

1.2.1.1 System Architecture and Navigation

A comprehensive understanding of the Experion system architecture was critical in ensuring
the production of clear and consistent learning materials. Early stages of the project were to
concentrate on gaining knowledge of the Honeywell Experion PKS system architecture, whilst
navigating the Experion environment and its associated applications (Station, Control Builder,

HMIWeb Display Builder and Enterprise Model Builder).

1.2.1.2 Configuring and Programming within Experion
With an understanding of Experion’s architecture, focus was then to be shifted to the
configuration and programming of the system. This included the initial setup of servers and

asset hierarchy, programming of controllers and development of control modules.

1.2.1.3 Simulation and Testing
Emphasis was placed on the development of complete simulation examples. A number of
examples were to be created to document the development and configuration of control

strategies within the Experion environment. The examples to be developed were:

e Basic mathematical and logic equations;

e First order system;

e Conventional Feedback Proportional Integral Derivative (PID) control;
e (Cascade PID control; and

e Model-based predictive control.
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To validate the developed programs and control strategies, a number of tests and simulations
were to be conducted for analysis. As the programs developed were primarily process
simulations and control strategies, the operation of the controllers were to be verified by
replicating the strategy with a third party control simulation application (Simulink) for

comparison.

The Industrial Computer Systems Engineering (ICSE) major of Murdoch’s Bachelor of
Engineering provides a focus on the exchange of process data over a variety of software
platforms and applications. Included in these different communication methods is
OPC. Honeywell integrates OPC capability within the Experion environment to provide users
with the advantages of OPC communication (Honeywell 2016b). With correct
implementation and configuration of Experion OPC, other software applications with OPC
communication ability (such as OPC Quick Client, MATLAB, Simulink and LabVIEW) are able to

exchange process data freely.

Experion OPC communication with third party applications, to this point, had not been
achieved and validated at Murdoch. The desired outcome of Phase 2 was to establish effective
communication between Experion and various OPC compliant applications. It was intended to

achieve this goal by applying a systematic approach:

1. Research and implement the configuration requirements for OPC within Experion;
2. Achieve OPC communication using OPC Quick Client;
3. Achieve dynamic communication with programs such as LabVIEW and MATLAB;

4. Test and validate communication via simulations;
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1.2.3 Phase 3 - Documentation of Learning Materials

Upon the successful validation of each of the objectives outlined in Phase 1 and 2, the revision
of existing and production of new learning materials was to be performed. Documentation

was then to be tested by a student external to the project, to provide feedback and identify

any areas of improvement.
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2 Technical Reviews

2.1 Honeywell Experion Process Knowledge System
Honeywell’s Experion PKS is an open control and safety system designed to expand the role of
a DCS by combining the functionality of a DCS with complete plant-wide infrastructure, to

facilitate data acquisition and control, to optimise processes (Honeywell 2014a).

Presently, Murdoch uses the Experion system for monitoring and control of the simulated
Bayer process pilot plant, located in Energy and Engineering Building. The Experion platform
was commissioned in the pilot plant after it was transferred from the Rockingham campus to

the South Street campus in 2009 (Meiri 2015).

With the purchase and implementation of the Honeywell Experion system on the pilot plant, a
second simulation Experion license was purchased. This project was to expand the knowledge

and documentation of the simulation Experion platform.

2.1.1 Experion System Topology

Using Murdoch University’s pilot plant facility as an example, the topology of the Experion
system is indicated in Figure 2. The operation of the system involves the user sending
commands through the client workstation applications to the Experion server and
subsequently to the process controller, resulting in appropriate changes to the instruments in
the pilot plant. As this project is concerned with the simulation Experion license, the physical

controller and plant’s processes were simulated within the Experion environment.
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Figure 2: Experion System Topology

2.1.2 Honeywell C300 Simulated Controller and Control Execution Environment

As identified in the overview of Experion PKS, the Experion system is a DCS, integrating one or
more controllers for the acquisition of data for process control. Used on Murdoch’s pilot
plant, Honeywell’s C300 is one such controller, communicating with I/O modules to perform
programmed control algorithms on the system (Honeywell 2016a). The second control license
acquired by Murdoch (Experion2) provides the ability to simulate the C300 controller on the

Experion server.
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Honeywell Experion PKS integrates an advanced process automation platform with a number
of software applications used for configuring, monitoring and control of an industrial process
(Honeywell 2016c). A review of each of these applications will be presented in the following

sections.

Configuration Studio is the central location for the configuration of the Experion system. Each
of the individual tools and applications required to configure, monitor and control the Experion
system are launched from Configuration Studio (Honeywell 2014e). Within Configuration
Studio is a list of tasks for the configuration of the system (Figure 3), and upon selection of a

task, the appropriate application will be launched. These applications include:

Enterprise Model Builder (EMB);
e Control Builder;

e Quick Builder;

e System Displays; and

e HMIWeb Display Builder.
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Figure 3: Configuration Studio Home

2.2.1.1 Enterprise Model Builder (EMB)
The Enterprise Model Builder is the graphical application used for configuring the Enterprise
Model. The Enterprise Model reflects the configuration of the physical system of a user’s

enterprise including assets, materials and people (Honeywell 2014c).

Important to mention is Honeywell’s use of item names. All items within the Enterprise Model
are created with a unique “tag name”, used by Experion as a means of structuring and

identifying items (Honeywell 2014c) for use with Experion’s applications.

2.2.1.2 Control Builder
Control Builder is Experion’s graphical tool for the building of control strategies (Honeywell
2014b). This includes the creation of simulated C300 controllers, as well as the programming

of sequential and continuous control modules.
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Continuous Control Module (CM)

Continuous Control Modules (CM) within the Experion system are programs designed to
continuously execute programmed control operations (Honeywell 2014a). The CM is a
container for the insertion and programming of various function blocks. Experion hosts an
expansive range of function blocks ranging from Boolean logic and numeric blocks through to
advanced model-based controller blocks. Figure 4 displays a discretised first order system,
programmed within the control module located on the Experion2 server. This example is

discussed in further detail later in this report.
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a
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TAU [ g
|20

MATHADD

ADDA_1

Figure 4: Control Module Example — Discretised First Order System

Sequential Control Module (SCM)

Operations such as start-up, shutdown and maintenance activities are often required to be
executed sequentially. Sequential Control Modules (SCM) interact with one or more
continuous control modules to achieve a sequential mode of operation. Predefined conditions
invoke the SCM to activate its sequence of operations, transitioning between each step only
once all conditions have been met. Figure 5 displays a small section of an example

maintenance program developed for the Murdoch pilot plant.
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Figure 5: Sequential Control Module Example - Maintenance Program

2.2.1.3 Quick Builder

Quick builder is Experion’s graphical tool for the creation and configuration of equipment, such

as stations, controllers and printers (Honeywell 2014e).

2.2.1.4 System Displays

The Experion environment includes a comprehensive set of system displays that can be called

from Configuration Studio for the configuration of the system, the management of alarms and

events and the monitoring of process data (Honeywell 2014e).

System Configuration

Displays such as popup dialog boxes (Figure 6) indicate the current configuration of a user’s

system. These displays are designed to assist engineers and developers for the configuration

of the system parameters.
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HMIWeb Display Builder is Honeywell’s graphical drawing application used for the creation of
customised Human Machine Interface (HMI) displays, to be viewed with Station (Honeywell
2014d). Figure 8 displays the HMI developed to assist in the visualisation, monitoring and

control of a first order system with feedback control (tank with level controller).
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Station is Experion’s human interface for the viewing of developed displays (Honeywell 2014a).
Using Station, it is possible to monitor and control the linked system. As an example, Figure 9

presents the HMI display for monitoring and controlling Murdoch University’s pilot plant.
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Figure 9: Station Human Machine Interface — Murdoch University Pilot Plant

2.3 OPC Data Communication

OPCis astandard interface for data communication that exchanges information from a data

source, such as a server, to any client application without the need for specific communication

protocols (Honeywell 2016b).

As discussed in the project scope, OPC communication had not been operational since the
update in software. The desired outcome of project was successful communication between
Experion and OPC compliant software applications, including OPC Quick Client, MATLAB,

Simulink and LabVIEW.

2.3.1 Kepware OPC Quick Client
Kepware OPC Quick Client is an application designed to confirm the configuration of both local
and remote OPC servers (Kepware, Inc. 2015). Using OPC Quick Client, users can read from,

and write to, an OPC server to ensure communication has been established correctly.
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Matrix Laboratory (MATLAB) is an interactive, high-level text based program for technical
computing developed by MathWorks Inc. (Dukkipati 2008). MATLAB integrates complex
numerical and mathematical computation with data visualisation to provide a powerful

programming platform.

MATLAB offers an open architecture, allowing installation of a variety of toolboxes to assist in
areas such as control system design, signal processing and data communication. MATLAB’s
OPC Toolbox assists in providing access to live and historical OPC data (MathWorks 2016a).
This toolbox was used to develop successful real-time OPC communication between Experion

and MATLAB.

Contained within the MATLAB umbrella is MathWorks’ block diagram environment for
simulation and control, Simulink. Simulink offers a range of function block libraries and solvers
for the effective modelling, simulation and control of dynamic systems (MathWorks 2016b).
Simulink was used extensively for testing processes and control strategies developed within

the Experion environment.

Laboratory Virtual Instrument Engineering Workbench (LabVIEW) is an integrated
development environment, utilising a graphical programming language for the creation of
measurement and control systems developed by National Instruments (National Instruments
2016c). Similar to MATLAB, LabVIEW offers an open architecture, enabling interoperability
with other software platforms and hardware devices. This interoperability of software

platforms includes data exchange via OPC communication.
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3 Project Constraints

Two main project constraints encountered during the completion of the project.

3.1 Technical Issue with Experion Server

During Phase 1, difficulties with configuring the Experion simulation server (Experion2) were
encountered such that Experion simulations were not operational. To ensure project progress
could continue, early testing, configuration and programming of the Experion system was

conducted on the Pilot Plant server known as “Ppserverl”.

Technical staff member Mr Will Stirling attempted various configuration changes, and after
several weeks the Experion simulation server (Experion2) was made operational. Control
modules and control strategies developed on Ppserverl were then able to be imported to

Experion2.

3.2 OPC Data Access Restrictions

At the commencement of Phase 2, difficulties were encountered with the exchange of data
between Experion and third party software applications, whereby data access was restricted.
Project progress was delayed while the data access restriction was resolved by Mr Sterling, by

the re-configuration of security access.

Additional details on the resolution of each of these issues can be found in Appendix A and

Appendix B.
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4 Delivery against Project Scope - Phase 1

Phase 1 involved three key areas of focus:

1. System architecture and navigation;

2. Configuration and programming; and

3. Simulation and testing.
By systematically progressing through each area, it was possible to successfully configure the
Experion system, develop simulated programs and perform validation tests on control

strategies implemented.

4.1 System Architecture and Navigation

With no prior experience with Honeywell’s Experion, it was necessary to develop a
comprehensive understanding of the Experion system architecture to produce clear and
consistent learning materials. This involved gaining a solid understanding of the role each
application played within the overall system, which was achieved during initial stages of the

project.

4.2 Configuration and Programming
The configuration and programming of the Experion system was divided into several sub
sections, addressing each of the tasks involved to successfully configure the Experion system

for control strategy implementation. These involve:

1. Enterprise Model configuration;
2. Controller and control module configuration; and

3. Process monitoring techniques.

4.2.1 Enterprise Model Configuration
Prior to the programming and testing of simulated control modules, a thorough understanding

of the Experion Enterprise Model was required. Honeywell defines the Enterprise Model as a
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means of organising the system around the crucial items in the user’s enterprise, such as
assets, material, activities and people (Honeywell 2014c). As an example, considering
Murdoch as the enterprise, the University’s pilot plant is the system to be managed with

Experion, with the assets being the physical hardware and control network.

Configuration of the Enterprise Model was achieved by use of Experion’s Enterprise Model
Builder. This application is launched from Configuration Studio by selecting the task to be

performed, as displayed in Figure 10.
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Figure 10: Configuration Studio — Task list

With the knowledge of the Enterprise Model in hand, it was possible to confidently configure
the Experion system for the future programming of control modules. This involved the

configuration of the system model (Experion server) and asset hierarchy.
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The system model signifies the boundaries of the system, defined by the servers created
within the system (Honeywell 2014e). Servers are considered as assets within the Enterprise
Model and are created within Configuration Studio, forming the storage location for system
data. Both the Experion server and the simulation server were configured correctly after the
technical issue described in Section 3.1 was resolved. Therefore, no configuration was

required.

Crucial to the operation of control modules and associated control strategies, the
development of the asset model forms the heart of the Enterprise Model. The asset model is
used to define the scope of responsibility, organise data points and references, navigate the

Experion system, as well as manage alarms (Honeywell 2014a).

Honeywell defines an asset as a database entity that represents a particular physical item
within that enterprise, such as plant equipment, facilities or buildings (Honeywell 2014e). This
means various areas of the plant would be linked to their respective asset. For example, a
control module created for monitoring the speed of a pump in a given plant may have a
different linked asset than that of a control module designed to control the input of steam to a

heated tank.

Additionally, Experion implements a hierarchical (child/parent) asset-based structure, allowing
for effective implementation of scope of responsibility (i.e. the restriction of access to parts of
the system). Rather than assigning access to individual client workstations or operators, it is

possible to assign assets to a particular access group e.g. engineers, managers and operators.
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Figure 11: Asset Model

Figure 11 illustrates Experion’s hierarchical asset model implemented on the Experion2 server,
with parent assets indicated by the orange markings. For the configuration and testing

throughout this project the asset SIM_ASSET_ITEM was used.

4.2.2 Controller and Control Module Configuration

With knowledge of the Enterprise Model, it was possible to research the requirements for
control strategy building. A control strategy can be defined as a structured approach to
defining a specific process using detailed information (Honeywell 2014b). The creation of
these control strategies is achieved within Experion’s Control Builder application, launched

from the Configuration Studio by selecting the appropriate task (Figure 12).
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Figure 12: Configuration Studio - Control Builder Tasks

4.2.2.1 Simulated C300 Controller
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The simulated C300 controller is comprised of four function blocks including:

e One platform block (the controller);
e One execution block (CEE300_2095), where all the control modules for execution are
stored; and

e Two I/0 link blocks used for the identification of the physical I/0 of the system.

Configuration of the controller involved providing a unique tag name (OurC300) and defining a
parent asset (SIM_ASSET_ITEM), before loading to the simulation environment. This controller
was used for the duration of the project for the implementation of control strategies

contained within the control modules.

4.2.2.2 Continuous and Sequential Control Module Development

With the simulated controller created and configured, it was possible to begin programming

control modules.
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Figure 15 displays the function block configuration for the Z CM_MULT control module. In this
example, three numerical function blocks and one multiplication block are used to program a
mathematical expression into the control module. Whilst the control module is executing,
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values are able to be written to INPUT_1 and INPUT 2 tags, with the result of the

multiplication written to the RESULT_MULT tag.

UTILITY:NUMERIC UTILITY:NUMERIC

INPUT_1 INPUT_2

MATHMUL UTILITY:NUMERIC

3y RESULT_MULT

P
4 5

With the configuration and implementation of control modules on the controller, steps were
performed to actively monitor the developed programs. Using Experion’s tag names, it was
possible to dynamically monitor the values of the function blocks configured within the control
modules. For example, the numerical inputs and outputs of the mathematical control module
Z CM_MULT, displayed in Figure 15, could be monitored and controlled either directly through

control builder or through an external application such as:

e Microsoft Excel Data Exchange (MEDE); or

e A customised HMI displayed using Station.

Identified as one of Honeywell’s preferred forms of data exchange, MEDE allows for the
capture of real-time data point values and historical information from the Experion server, for
display within an Excel spreadsheet (Honeywell 2014e). Additionally, MEDE provides the
ability to send values to data points on the Experion server. Figure 16 displays the resulting
process variable response (PV), from a step in input, or manipulated variable (MV), to a first

order system control module.
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Figure 16: Microsoft Excel Data Exchange - First Order System Example

4.2.3.2 Human Machine Interface

The Experion package also contains the HMIWeb Display Builder, Honeywell’s graphical

drawing application for the development of HMI displays (Honeywell 2014d). For the effective

monitoring and control of the control module programs developed in Experion, a range of HMI

displays were created for viewing in Station.

1.

4.
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Z_MULT — Mathematical Expression;

Z_LOGIC — Logic Expression;

Z_FOS — First Order System;

Z_FOSPID — First Order System with PID Control;

Z_CAS — Cascade Control;

Z FOSPID-PL — Model-Based Predictive Control.



In order to view any of the developed HMI displays, Station’s connection properties were
required to be configured. Settings were configured to recognise the location where the
created HMI’s were stored. Once configured, it was possible to open the displays developed

for dynamically monitoring the appropriate process data.

The production of learning materials for the setup and configuration of the Experion system
was based upon a series of detailed example programs successfully created and tested during
this project. These examples provide a technical review of relevant components of the

program as well as three comprehensive procedures in each:

1. Development of the control module (program);
2. Monitoring and control of the control module program using MEDE;

3. Development of HMI for monitoring and control of control module using Station.

Six complete example programs have been developed with supporting documentation as

specified above. These examples are:

1. First Order System;

2. Mathematical Multiplication Operation;

3. Boolean Logic Expression;

4. First Order System with Conventional Feedback PID Control,;
5. Cascade Control;

6. Model-Based Predictive Control.

As the control strategies are examined at a later stage of this report, and due to the extensive

nature of these tutorial examples, only the First Order System program and supporting
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documentation will be examined. This examination will include the development of the

control module, data exchange Microsoft Excel spreadsheet and HMI display.

4.3.1 First Order System

Control modules are executed discretely at a user specified rate. This means that for a first
order system to be implemented within the Experion environment, it must be discrete. For
the purpose of this example program, a standard form continuous first order system (Equation
1) was discretised using the Euler method to develop an Euler approximation of a first order
system (Equation 2). Equation 2 belowillustrates the equation entered into the control
module to simulate the first order process. The breakdown of the Euler Approximation is

included in Appendix C.

Equation 1: Continuous First Order System

Transfer Function:
f +1

Equation 2: Euler Approximation of First Order System

KAtu(k)+tyk—1)
T+ At

Euler Approximation: y(k) =

4.3.1.1 First Order System Example - Control Module Development
A control module (Z_CM_FOS) was created and configured, defining a parent asset and
execution time, as displayed in Figure 17. It is important to note the execution period of the
control module matches the sample time of the numeric value of ‘delta t’ (At) used in the
Equation 2. For this example, an execution time of 100ms was selected, with At equal to 0.1

for the equation.

48



SYSTEMCONTROLMODULE Block, 2 CM 705 —Forametersipraeet] —____________WE)

Proiected Parameters I Block Pins I Configuration Parameters I Monitoring Parameters I Block Preferences I Template Defining I

Main Aibitration I Server History I Server Displays | Control Confirmation | |dentification I Dependencies

Tag Name fz_cv_Fos

ltem Name # [2_CM_FOS_ITEM Estend TPS Point # E |
Parent Asset: # IZZZ_SIMDN D

Diescription # |Example First Ordler System Urit Text |

Engr Units # || Wersion I

Keyward # I Logic Black Initialization Option IPULSEEXF“HED j

Execution

(Execution Period IM j

Execution Order in CEE I‘I 0

Execution Phase I"I

CEE Restart Option |ALwaYSCOLD =

r~ Alarming —SCM Relationship

¥ Enable &laming Option SCH Option INDNE j

[~ Joumnal Only Option SCH Name I
Mode Attibute Reference I D

- Fieldbus 5 pecific r~ Reload Initislization

Execution Order in LIMEK I'I a Fieload Init Delay [exec. cycles) |2

Stale Count |3 Cur Rel Init Delay [exec. cycles] 0

FF Execution Period I‘IS j Initialization Pending QaFF

[~ Show Parameter Mames QK I Cancel Help

Figure 17: Control Module Configuration

Five numeric function blocks were selected from the function block library and inserted into

the control module with their respective equation parameter identified in Table 1.

Table 1: Numeric Function Block Listing (First Order System Example)

Numeric Block Equation Parameter Description

1 K Process gain

2 At Sample time

3 u(k) Input (manipulated variable)
4 T Time constant

5 y(k) Output (process variable)

Following the numeric blocks, each of the mathematic operators were inserted into the

control module to form the basis of the discrete equation (Equation 2), displayed in Figure 18.
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Figure 18: First Order System Function Block Arrangement

Once all blocks were entered and correctly configured, they were wired together to form the

complete Euler approximation (Equation 2) as displayed in Figure 19.
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Figure 19: First Order System Control Module Complete Configuration

As Experion’s programming nature has no defined flow of operation, the execution order of
the function blocks contained within the control module must be defined. The correct
definition of the execution order is critical to the correct operation of the module. Therefore,
extensive examination and testing of the module was performed to ensure correct operation
prior to final testing and validation. Execution order is specified by multiples of 10 as indicated

in Table 2, the order for the first order system.
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Execution Order Function Block Function Block Type

10 DELTA_T Numeric

20 K Numeric

30 u Numeric

40 TAU Numeric

50 ADDA_1 Mathematical Operator
60 MULA Mathematical Operator
70 MULA 1 Mathematical Operator
80 ADDA Mathematical Operator
90 DIVA Mathematical Operator
100 PV Numeric Indicator

110 NUMERICARRAY Numeric Array Indicator

The numeric function block values were then populated with the values specified in Table 3

before loading the control module to the controller for testing.

Function Block Numeric Value

K 2

TAU 20(s)

U Step from 0 to 20
DELTA T 0.1 (100ms)

Upon activating the control module, it was possible to dynamically view the numeric output of
the PV block based on a change in the input (U) to the system. To illustrate dynamic
monitoring of the system within Experion’s Control Builder, two separate snapshots of the
system were taken at different time intervals, one at 35 seconds (Figure 20) and one at 134

seconds (Figure 21) after stepping the input.
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Figure 20: First Order System Control Module Dynamic Monitoring (snapshot approx. 35 after step)
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Figure 21: First Order System Control Module Dynamic Monitoring (snapshot approx. 134 after step)

Referring to Figure 20 and Figure 21, the numeric value of the output PV block has changed
from value 33.10 (at 35 seconds) to 39.95 (at 134 seconds) indicating dynamic monitoring

abilities.

Although Control Builder’s block diagram displays system response dynamically, it was
determined that for an enhanced learning experience, a graphical representation of the data

would be required.

4.3.1.2 First Order System Example - Microsoft Excel Data Exchange Development
As indicated earlier, Honeywell specifies MEDE as a possible means for data exchange in the

Experion documentation. Additionally, students undertaking a major in Instrumentation and
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Control Engineering at Murdoch implement control strategies on the University’s pilot plant

using MEDE and would therefore be familiar with the application.

MEDE allows for both the sending and capturing of real-time point values and historical data

from the Experion server, in an Excel spreadsheet, through the use of the following formulas:

1. GetHistValArray_offset;
2. GetPointValArray;

3. PutPointVal_Number.
4. GetHistVal_Date;

5. GetHistVal_Offset;

6. GetPointVal;

For the purpose of this example program, only three of the formulas (1, 2, 3) were used.

With each iteration of the MEDE add-in within the spreadsheet, a table is progressively
populated by retrieving server values from the function blocks contained within the control
module. This is achieved by the use of the function ‘GetHistValArray_offset’ and storing the

data within appropriate columns as illustrated by Table 4.

HISTORICAL VALUES FROM SERVER

TIME PV.PV (PV) U.PV (MV)

N

w

I

50
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This data was displayed on a rolling chart to provide a graphical represenation of the process
data (Figure 22). Altering the MEDE add-in’s recalculation interval allows the chart to update

dynamically displaying the process input (MV) and output (PV) at varying rates.

Microsoft Excel Data Exchange
First Order System
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Figure 22: MEDE Chart of the First Order System Example

Once historical values were successfully being retrieved from the server, a table was created
for values to be sent to the server, including the process parameters (gain and time constant)
and the input to the system, as displayed in Table 5. Each of these parameters were sent to

the server by making use of the formula ‘PutPointVal_Number’.

Table 5: MEDE Process Parameters for the First Order System Example

PROCESS PARAMETERS
PROCESS GAIN

TAU

MV 40
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With the implementation of each of the previously mentioned formulas it was possible to
dynamically change the process parameters and input (MV) to the system, as well as monitor

the corresponding output (PV) as displayed in Figure 23.
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Figure 23: MEDE Chart of the First Order System Example (Dynamic Response)

A screenshot of the complete spreadsheet is available in the tutorial document located in

Appendix D.

Although the Excel chart displays dynamic data on a rolling chart, it does not allow for
displaying data over a period greater than 50 seconds. This is a potential problem for
simulated systems with a time constant greater than 10 seconds, as the process would take
over 50 seconds to reach a steady state after the introduction of a step to the input. In
addition, the spreadsheet offers no graphical representation of the physical system being

simulated as would typically be required by operators in an industrial setting.

To combat this, HMI display for the process was developed using Honeywell’'s HMIWeb Display

Builder.
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As identified in the technical review, the Experion Platform includes the HMIWeb Display
Builder for the development of customised HMI displays. To complete the example program, a
HMI was developed to assist in the monitoring and control of the first order system. After the
basic graphic had been developed (tank shape), a trend chart and appropriate numeric
indicators and controls (alphanumeric objects) were added to enable monitoring and control

of each of the process parameters, as displayed in Figure 24.
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By linking the alphanumeric objects (indicated by “9999.9” in Figure 24) to the tag names,
these objects allow for both the reading and writing of data to and from the HMI display. With
these included in the display, it was possible to dynamically change the input to the system

and also make changes to the process parameters, such as the process gain and time constant.

Upon completing the first order system example, it was recognised that the control module
program should be verified to ensure that the discretised Euler approximation model
(Equation 2) was producing a first order system response. It was recognised that the response
of the system would never be identical to that of continuous first order system, as the
algorithm entered into the Experion control module is only an Euler approximation of an actual

continuous transfer function system.
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Two tests were conducted to validate the Experion system’s control module configuration
including:
e Least squares regression analysis;

e Process response comparison to a known first order system developed in Simulink.

Least Squares Regression Analysis

A linear least squares regression analysis provides a means of determining a best fit line to a
set of data values (Miller n.p.). This means it was possible to determine the gain and time
constant process parameters of the first order system based on the step response data values

acquired from Experion.

The least squares regression was applied in Microsoft Excel and operates by making use of
Microsoft Excel’s Solver add-in, a tool which searches and provides for the best solution to a
given optimisation problem (Microsoft 2016). To determine the process model using this
technique, response data is collected from the introduction of a step in input to the system.
The ideal first order response algorithm (Equation 3) is then entered for all values of time (t) to
acquire an ideal process model, where A is the step input, K is process gain and t is the process

time constant.

y(®) = AK(1 - ¢7)

The error between the Experion response data and the ideal process model was then
calculated for all iterations of time. Following this, the sum of all squared error was calculated
within a single cell. By using Excel’s Solver, it was possible to minimise the value of the
squared error by making alterations to the values of K and 1t to match the model to the actual

data provided by Experion. The final process parameters selected by the Solver indicate the
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system generating the response produced by Experion. A screenshot of the linear least

squares regression analysis performed is presented in Appendix E.

The least squares regression analysis was conducted by first entering the process parameters
for the transfer function presented in Equation 4, into the model (Equation 3) for each
iteration of time from 0 to 35 seconds. A step input of numeric value from 0 to 20 at time 2
was then introduced, before applying the Solver, to reduce the error between the model and
Experion data. Upon applying the Solver, the process parameters indicated within Equation 5
were acquired. The respective responses of each of these equations are presented in Figure

25.

1.5
s+1

Experion Transfer Function: 3

1.501066

y . F o —— 00
odel Transfer Function 3.354871s + 1
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Figure 25: Least Squares Regression First Order Response

It was identified that the discrepancies in parameters and process response could be a result
of the Euler approximation used. As the process is not strictly a continuous process, but rather
an approximation based on a given sample time, a completely identical process response could
not be expected. Prior to examining the Euler approximation effects, a secondary comparison
test was conducted using Simulink to ensure the discrepancies were not a result of the

regression test conducted.

Simulink Data Comparison

Following the least squares regression test, it was decided to compare the acquired Experion
response data to a known first order system response generated with the Simulink application.

Figure 26 illustrates the Simulink model developed for testing.
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Figure 26: Simulink Model - First Order System Testing

By running a simulation with identical process parameters, and introducing a step input

identical to that of the Experion test, it was possible to capture the numerical response values

for comparison to the response acquired from Experion. The results of this test can be seen

graphically in Figure 27.
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Figure 27: First Order System Response Comparison

As shown in Figure 27, trajectories are near identical with minor numerical difference between

Experion and Simulink process response. As indicated earlier, these differences were thought

to be a result of the Euler approximation of the first order system. To test this theory, the

sample time of the Euler approximation entered into Experion was reduced from 100ms to

60



50ms (the fastest control module execution time available within Experion). Identical step

tests were conducted with the results presented in Figure 28 below.

First Oder System - Sampling Time Comparison
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Figure 28: Sample Time Comparison Test (100ms and 50ms)

From the data presented in Figure 28, the conclusion was drawn that the discrepancies were
most likely a result of the Euler approximation. It can be seen that by reducing the sample
time, the response of the Experion system is almost identical to the ideal continuous model

tested with Simulink.

Although reducing the sample time to 50ms produced improved results, it was decided that
reducing the control module execution time, and subsequent sample time to 50ms, resulted in
unnecessary additional controller computations (by as factor of 2) on the Experion server. As
the responses of the system were near identical with the sample time set to 100ms it was
decided to continue using the sample time value of 100ms for all future tests and simulations

performed.
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With the successful testing of the first order system, several control strategies available within

Experion were then implemented and tested on the developed system.

Following the successful implementation and testing of a first order system, the
implementation and testing of various control strategies within the Experion environment was
performed. Experion offers a range of controllers contained within the function block library
to facilitate standard feedback control, advanced control configurations model-based

predictive control arrangements.

Prior to commencement of this project, it was recognised that previous students (refer to
Appendix P) had configured control strategies; however, no tests had been conducted to
validate the control strategies and the respective results. Furthermore, the examples
developed no longer operated correctly since the Experion software upgrade. The decision
was made to revisit the implementation of a range of control strategies to test and validate the

operation of each, before producing appropriate learning material.

When executing the newly developed control strategies, several tests were performed to
ensure the control strategy was operating as expected, validating results against known
process control simulations performed in Simulink. As this project is primarily concerned with
the correct implementation of the control strategy within the Experion environment, rather
than achieving a desired controller outcome, once the tests validated the configuration of the

control strategy, no further tests were conducted.

Three controller strategies were implemented during this phase of the project:

e Conventional feedback Proportional Integral Derivative (PID) control;
e (Cascade control;

e Honeywell’s patented model-based predictive ‘Profit Loop” Control (Honeywell 2016d).
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4.4.1 Conventional Feedback Proportional Integral Derivative Control

The implementation of a feedback control strategy within the

<15
e

Experion environment was achieved through the use of - —
PIDA
., . i . . .
Experion’s PID block (Figure 29). Configuration was achieved ¥ {ORMMODE NONE
NORMMODEATTR NONE
by wiring the current process variable (PV) and the desired CTHEaN FaA
numeric setpoint (SP) into the two PID input terminals. The
output of the controller, referred to as the operating point Ol
(OP), is then wired to the input to the process. Figure 29: Experion PID Block

For the purpose of testing the configuration, an additional first order system control module
was created (Z CM_FOSPID). The PID block was then inserted into this control module with

appropriate wiring connections specified above and displayed in Figure 30.

2 CM FOSPIDLPIDAOP

UTILITYNUMERC LTI ITYNUMERICARRAY

pv NUMERICARRAYA (21"
E NNUMERIC & [PV
=

Figure 30: First Order System with PID Control Module

The PID block is configured by entering the module properties and setting the controller mode
to AUTO, selecting the PID equation to be used by the controller, and entering the controller
parameters. The PID block incorporates a range of different PID algorithms; however, as it is

similar to a PID algorithm previously studied within the instrumentation and control major at
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Murdoch (Equation 6), EQA (Equation 7) was selected for use for the duration of the project. In
Equation 7, L™1is inverse Laplace, (PVP, — SPP,)is the calculation of error (g), K is the
controller gain and T1 (t;) and T2 (tp) are the controller integral and derivative terms

respectively.
1
c(s) =K, (1 + —+ TDS) e(s)
T;S

1
CV:K*L—l[(1+ —

S
+ —=5 )« (PVP, — SPP
T1, @ 1+ aTZS) * (PVEs 5]

For testing the configuration and operation of the controller within the control module,
arbitrary controller values were entered into the PID block, forming a standard Pl controller

with the controller parameter values indicated in Table 6.

Controller Parameter Numeric Value
Controller Gain (K) 1.6

Integral Time (T1) 0.0333min
Derivative Time (T2) 0

Similar to the first order system example, a Microsoft Excel spreadsheet and HMI display were
developed to provide the ability to monitor and control the process, as displayed in Figure 31

and Figure 32.
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To ensure the configuration of the feedback controller was correct, Experion response data
was compared with the data attained from a Simulink model simulation with identical process
and controller parameters (Figure 33 and Equation 8). It is important to recall that this project
was not concerned with the tuning of controllers to achieve a desired outcome, but focussed
on the testing and implementation of control strategies to confirm correct configuration and

operation.
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Figure 33: Simulink Model - First Order System with PID Control

Equation 8: Experion System 1 - PID Controller Testing

When configuring the PID controller within Simulink, alterations to the integral time were
required to ensure consistency between controller outputs. Integral time for the Experion PID
block is configured in minutes, while the integral time in Simulink is configured in seconds.
Additionally, as displayed in Simulink’s controller algorithm (Equation 9), the integral term

within the algorithm (z;) must be reciprocated to reflect that of the Experion PID algorithm

specified earlier (Equation 7).

Equation 9: Simulink Pl Equation

G1(s) =

1.5
3s+1

C(s) = Kc (1 + %)

The final controller parameter values entered for comparison and testing are presented in

Table 7: First Order System PID Testing — Controller Tuning Parameters

Table 7.

Experion PID
Controller Gain 1.6
Integral Time 0.0333333
Derivative Time 0
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Tests similar to that of the first order system example were conducted, with the acquisition of
Experion and Simulink process response data. Testing was conducted by introducing identical
setpoint changes of value 40 to 60 at time 5 on both the Experion simulation and the Simulink

model, with the comparison data presented in Figure 34.

First Order System with PID Control
SP Tracking Test 1
Setpoint change 40 - 60 at t = 5s
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Figure 34: First Order System with PID Response Comparison

It can be seen in Figure 34 that both the Experion process response (PV) and controller action
(MV) follow a near identical trajectory to that of the Simulink simulation; however, differences
in both controller action and process response are present. As with the first order model
example, these discrepancies can be explained by the Euler approximation system not being a

true representation of a continuous first order system

As this phase was concerned with implementing correctly operating controller strategies, the
test was successful with the tracking of setpoint, following a near identical trajectory to an

ideal controller implemented on a simulated continuous system.
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Additional tests were conducted on the same system (System 1 - Equation 8) with varying
setpoint changes to ensure consistent results. Additionally, a second system (System 2 -
Equation 10) with different process parameters was tested to ensure consistent results among
processes. All tests performed produced results consistent to those presented in Figure 34

and are available in Appendix F.

Equation 10: System 2 - PID Controller Testing

2

G2(8) = 10571

4.4.2 Cascaded Feedback Proportional Integral Derivative Control
Often implemented with the intent of rejecting significant disturbances on the input of a
system, cascade control is configured within the Experion environment by replicating the

following block diagram (Figure 35).

Disturbance

Inner Loop
. 1
Disturbance TF1| —
s+
2
) PID(s) »(-_ PID(s) 4>D—>é> >y — rJ[:]|
sp Gel G2 nv 10s+1 PV
SP1 Controller 1 Controller 2 Process 2 Process1 Scope3
PV

Figure 35: Simulink Model - Cascade Control Strategy

For the implementation of the cascade control strategy, the output of controller 1 becomes
the setpoint of the inner loop controller 2. The role of controller 2 is to ensure that the main
process (process 1) receives the input as originally intended by controller 1, should there be a

disturbance on the process input (Ogunnaike and Harmon Ray 1994).
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To replicate the above block diagram (Figure 35) two new control modules were created, one
control module (Z_CM_CAS1) containing the necessary function blocks to make up the primary
first order process (Equation 11) and controller strategy (Figure 36), and the other containing

the blocks for the disturbance system (Equation 12) as displayed in Figure 37.

Equation 11: Cascade Primary Process (Process1)

G1() = o571

Equation 12: Cascade Disturbance System (Disturbance TF1)
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Figure 36: Experion Control Module - Cascade Control Strategy
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Figure 37: Experion Control Module - Cascade Disturbance

To implement the secondary controller (PIDA_1) for the inner control loop of the cascade
configuration (Figure 36), the properties of the block must be adjusted to accept a setpoint fed
from the output of the primary controller (PIDA). This property is easily changed within the

main tab of the block parameters as indicated in Figure 38.

REGCTL:PID Block, PIDA_1 - Parameters [Monitoring]

ET Algolithml SetPointI Dutputl Alarmsl SCH | Identification Dependenciesl Template Defining I Insertionl

Narme: FID& 1 Execution Order in Ch : IF"EI—
Description: I— ~ Mode
Engineering Units: I— Maormal Mode : Im
Normal kMode Attribute : I HONE - I

r~ Process Variable
PWELL Range Hi: 10a Mode : CAS h
FWEL Range Low : IU Mode Attribute : IDPEHATDH j'
b anual P4 Option : ISHEDHULD 'l ¥ Permit Operator Mode Changes
I— r Permit External Mode Switching
F/Rak Reference EI [Enar Access £ allows enabling)
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[Oper Access £ |f Pemit checked)
[V Enable Secondary Initizization Option ™ Load and start Made in Manual
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[~ Shaw Parameter Marnes QK. I Cancel Help

Figure 38: Cascade Controller Properties
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Upon the correct configuration of the controllers, the disturbance system control module was
configured. As indicated by the Simulink block diagram (Figure 35), the disturbance value is
added to the input of the primary process. For the simulation of a realistic process, the
disturbance value (D2) from the primary control module (Z_CM_CAS1) was passed through the

first order system (Z_CM_CASD) to provide a dynamic nature to the disturbance.

With this configuration, numerical changes to the function block D2 affect the input to the
disturbance system (Z_CM_CASD), whose effects are reduced by the inner loop controller

PIDA_1 before causing significant disturbances to the input of the primary process.

For effective monitoring and control of the system, and to assist future students to understand
the control strategy configuration, a secondary HMI was developed to provide a graphical
display of a system under cascade control. This HMI provides the ability to make alterations to
process parameters, change the desired setpoint as well as introduce a disturbance to the

system. See Figure 39.
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As with the implementation of the conventional feedback PID control strategy, it was
necessary to test and validate the configuration of the cascade control strategy. Testing

involved introducing a disturbance to the Simulink model identified in Figure 35 earlier, and
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comparing the system response to identical tests performed on the Experion system, to ensure

the controllers were acting as intended.

For testing, tuning parameters were arbitrarily selected as displayed in Table 8. For simplicity
in design, the primary controller was designed as a Proportional Integral (Pl) controller only,

while the inner loop controller was tuned as a gain only controller (P).

Controller | Controller Controller
Gain Integral Time Derivative Time
Experion Primary Controller 2.743 0.066667 0
Simulink Primary Controller 2.743 0.25 0
Experion Inner Loop Controller | 1 0 0
Simulink Inner Loop Controller | 1 0 0

Similar to the conventional feedback PID control strategy, it was expected that the output of
both controllers, and the process variables of the Experion test, would follow a similar

trajectory to those in the Simulink model, thus confirming correct configuration.

The initial test involved introducing a step up in disturbance value (+8) at time 5 to analyse the
trajectory of each controller’s output (MV) and process variable (PV), the results of which are

displayed in Figure 40.
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Cascade Disturbance Rejection (Test 1)
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Figure 40: Cascade Control Response Comparison

By focussing solely on the process variable plots displayed in Figure 41, the error margin

between Experion and Simulink is approximately 1%. Similarly, when focussing on the actions

of controllers 1 and 2 (Figure 42), the differences were also minor.

73



Cascade Disturbance Rejection (Test 1)
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Based on the data presented in Figure 40, Figure 41 and Figure 42, it can be seen that each of
the trajectories of the Experion system follow a near identical path to that of the Simulink

model, indicating correct configuration and operation.

A total of four disturbance rejection tests were conducted on the cascade system to ensure
that the results attained were consistent with those presented above. Each of these tests

produced similar response and can be viewed in Appendix G.

In the early stages of the project, upon the successful implementation of a cascade control
arrangement, it was intended to implement and validate the operation of both feedforward
and augmented feedforward feedback control arrangements. However, upon executing the
feedback PID and cascade control arrangements, it was identified that the implementation of a
feedforward controller could be achieved by simply replacing the conventional PID function
block. This block would be replaced with the feedforward PID block (PID-FF), with disturbance
on the system wired directly into a second input to the PIDFF block. It was therefore decided
to forego the implementation of these control strategies and spend additional time on the

research and implementation of Experion’s model-based predictive controller.

Model-based predictive control describes a class of control schemes that make use of a known
process model to explicitly predict future system response, and make appropriate control
actions to drive the predicted output to a desired target value (Seborg, Edgar and Mellichamp

2004).

Experion’s model-based predictive controller block PID-PL, combines the functionality of a
conventional PID block with a model-based predictive controller and optimiser algorithm,
known as the Profit Loop PKS (Honeywell 2013). The predictive functionality of the controller
provides an ideal means for the control of complex systems, including those with significant

delays, inverse response, and processes with reduced sampling intervals (Honeywell 2013).
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The PID-PL is implemented in the same manner
as the PID block requiring two inputs; setpoint
and current process variable (PV) value as

displayed in Figure 43.

The process model can be defined within the
function block in several ways, modelled by step

testing, by PID tuning parameters, by loop type

or, if known, entered directly (Honeywell 2013). As the process model used for testing was
known (Equation 13), direct entry of the process parameters was performed using Honeywell’s
Profit Loop Assistant (accessible via the advanced tab of the PID_PLA 1 function block

properties). Figure 44 shows the steps performed to enter the model into the Profit Loop

Assistant, to be loaded to the controller.

G(s) =

76

10s + 1

0w

dE

0’| NORMMODE

NORMMODEATTR
CTLEQN
CTRLMODE

REGCTL-FID-PL

PID_PLA_1

NONE

NONE
PROFITLOOP
SETPOINT




ﬁPrDﬁt Loop Assistant - 2_CM_FOSPIDPL.PID_PLA [Project]

Lol I L N
Back | Forvvard | About | Help | Exit
Model by Direct Entry
Details
Gain Units: IPEYCBN hd Time Units: Sec hd ik Tasls
t to do next
" ~ UMmary screen
‘ 0 Al " G " ‘ s ‘ 2 | _EIS Controller Status
& fodel Download
[0 Jsrae [0 Jerae [0 Jsvee 00 Jse 1] Madel Creation
Loop Type
FID Constants
Mormalized Maodel: Step Testing
2 1 = [0 5
e
1551 Fine Tune
Model Download
Open-Loop Model Response for a Unit Step Change Em‘;ad
20 Restore Grade
Learn About
Aszsistant Status
General Information
15 This Display
c
[=]
(o'
@
o 1.0
o
=
=
05
00
| i Time
EXPERIONZ MNGR

Figure 44: Profit Loop Assistant Model by Direct Entry

Once the model was loaded to the controller, it was possible to tune the controller to perform
tests. Tuning the controller was achieved by defining a numerical performance ratio value
between 0 and 10. Honeywell indicates that a performance ratio of 1 corresponds to the
controller achieving the desired setpoint in a time approximately equal to that of the open
loop response time (Honeywell 2013). Increasing the performance ratio to a value greater
than 1 provides slower control with increased robustness to modelling errors. Conversely,
reducing the performance ratio to a value less than 1 results in more aggressive control,

driving the process variable to setpoint faster than that of the open loop response.

4.4.3.1 Model-Based Predictive Control Testing and Validation
As Honeywell’s profit loop algorithm is patented (Honeywell 2016d), the algorithm is
unknown, meaning the replication of previous tests conducted using Simulink was not

possible. To confirm correct configuration and implementation of the model-based predictive
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controller, a comparison of the settling time of the open loop and controlled loop was
conducted. As indicated earlier, selecting a performance ratio equal to 1, the time taken to
achieve setpoint should be approximately equal to that of open loop response time for the
same system. Two tests were performed to confirm this characteristic; an open loop step
input change followed by a setpoint change in the controlled system, both at time 10. The
results of both tests are presented in Figure 45. Original test plots can be viewed in Appendix

H.

Settling Time Comparison
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Figure 45: Model-Based Control Testing - Settling Time Comparison

Referring to Figure 45, although each of the responses follows a different trajectory, they both
appear to settle to their respective final values at approximately the same time. By refining
the plot to highlight the time each of the responses take to settle to their final values (Figure
46), it is evident the model-based controller settles at 95 seconds while the open loop settles

at 94 seconds.
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Settling Time Comparion (Zoomed)
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Figure 46: Model-Based Control Testing - Settling Time Comparison Refined

Based on the near identical settling times of the controlled and open loop process simulations,
the test was deemed successful, confirming the implementation of the PID-PL function block

within Experion was correct.

As an additional exercise, to confirm the operation of the performance ratio, five identical
setpoint change tests were conducted with varying performance ratios. The tests performed
confirmed that changes in the performance ratio had the correct effect on process response as
identified earlier, providing further justification that the controller was implemented correctly.

The comparison plot can also be viewed in Appendix H.

4.5 Phase 1 Concluding Remarks

Throughout the duration of the first phase of the project, several key achievements were
made. Modifications were made to the configuration settings of the Experion system, allowing
for the successful implementation of programs and control strategies. Several programs were

developed to assist in understanding the programming nature of Experion and its complexities,
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before successful implementation and testing of three control strategies. The intensive nature
of the research performed during this phase allowed for the creation of an extensive list of
learning materials including comprehensive details on the configuration, simulation and
control of processes contained within the Experion environment. These learning materials are

discussed in greater detail in Phase 3 of this report.
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5 Delivery against Project Scope - Phase 2

Following successful completion of the objectives for Phase 1, research and testing for the

second phase of the project, OPC data exchange, was commenced.

Prior to attempting to successfully communicate with third party software applications,
research into past findings was conducted. In previous years, students had experienced
difficulty gaining reliable communication between the Experion server and third party client
applications. By applying a systematic approach to the research, testing and validation, it was
possible to successfully communicate in real time with four different client software

applications:

e Kepware OPC Quick Client (OPC Quick Client) ;
e MathWorks MATLAB (MATLAB);
e  MathWorks Simulink (Simulink);

¢ National Instruments LabVIEW (LabVIEW).

The approach adopted was to initially research the requirements for configuring the Experion
server as an OPC server visible to client applications. Once the Experion server had been set
up, the OPC Quick Client program was used to confirm correct configuration and data access.
MATLAB’s OPC Toolbox was then used for creating a client server for reading and writing data
to the Experion server. Tests were conducted on the data acquired from MATLAB via OPC, to
confirm correct operation before attempting real-time control algorithms using Simulink and

LabVIEW. The methods and results of these tests are presented in the following sections.

All tests presented in the following sections made use of the control module developed
containing the first order system (Z_CM_FQS), with the process parameters set to create the

system identified by Equation 14.
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Equation 14: OPC Test System

G2(8) = 10571

5.1.1 Experion OPC Configuration

Before communication with client OPC programs was attempted, the Experion server was
configured as the OPC server. This was achieved by opening Experion’s Configuration Studio
and entering the System Interface configuration settings. Within the configuration settings, it

was possible to define the properties of the OPC Experion server and perform a status check

on the server as indicated by Figure 47.

OPC Advanced Connection Alias: Experion2_OPC

Status Configuration Tuning Attribute Mapping Asset Mapping
Data network link Notification network link
Link: Experion2 Link Experion2
Status: 0 oK Status 0 ok
Data Notifications [~ Enabled
OPC serer state: () Running OPC server state: () Running
Connection status: [ )'¢ Connection status: 0 oK
Last reconnect 1001312016 4:04:10 PM Last reconnect: 101312016 4:03:51 PM
Last disconnect: 12:00:00 AM Last disconnect: 10M13/2016 3:58:15 PM
Last error (Hex) 0x0 Last error (Hex): 0x0

Figure 47: Experion OPC Server Status

To confirm the correct configuration of the Experion OPC server, OPC Quick Client was then

opened to create a successful connection to the server.

5.1.2 Data Exchange with OPC Quick Client
To test the operation of the Experion OPC server, a data access server connection was created
within the OPC Quick Client software. This connection allowed for a subgroup to be created,

where items (Experion data values) could be monitored and controlled.

For testing purposes, a group (Z_CM_FOS) was created for the input and output variables of
the first order system control module within Experion to be monitored and controlled. As

indicated in Figure 48, the numeric values of the items PV and U of the control module were
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read from the Experion Server via OPC communication. These are the same values able to be

monitored in Experion’s Control Builder Environment as presented in Figure 49 (numerical

values 60 and 30).

[ag OPC Quick Client - QuickClient O | B S

File Edit View Tools Help
0w bl | e e b b
E:@ ExperionZ\HWHsc.OPCServer Itern ID Data Type | Value | Timestamp | Quality | Update Count

----- /23 Z CM_FOS @z_cm_fos.pv.pv Double 60 14:58:41.400  Good 1

@z_cm_fos.upv Double 30 14:58:41.400 Good 1
Date Time Event

o 4/10/2016 2:58:41 PM Connected to server 'HWHsc. OPCServer',
04_a'10_a'2016 2:58:41 PM Added group 'Z_CM_FOS' to 'HWHsc.OPCServer',
04;’10;’2016 2:58:41 PM Added 2 items to group 'Z_CM_FOS",
Ready Item Count: 2

Figure 48: OPC Quick Client FOS Test Values
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Figure 49: OPC Experion FOS Test Values
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Using OPC Quick Client, it was also possible to write a new input value (U) to the control
module function block and view the output of the system dynamically as the software
updated. As the value PV updates with the change in input, the update count and time stamp
refresh periodically, displaying the new value acquired from the Experion server. As an
example, the process input (U) was changed from value 30 to 20, with the new final output
(PV) reading value 40, with an updated timestamp and update count, confirming correct

operation (see Figure 50).

[a€] OPC Quick Client - Untitled * =NACE X
File Edit View Tools Help
DM e e & b
E|:1j Experion2\HWHsc.OPCServer Itern ID Data Type | Value | Timestamp | Quality | Update Count
| m @z_cm_fos.pv.pv Double 40 11:45:29.900 Good 56
@z_cm_fos.u.pv Double 20 11:44:56.900 Good 3
Date Time Event -
€ 4/10/2016 11:30:38 AM Connected to server 'HWHsc.OPCServer', =
€9 4/10/2015 11:31:54 AM Added group 'Z_CM_FOSPID1' to 'HWHsc.OPCServer',
€ 4/10/2016 11:32:34 AM Failed to add item 'PV.PV' to group 'Z_CM_FOSPID1' (HR -» ...
€ 4/10/2016 11:33:11 AM Failed to set active state "1’ for item 'pida.sp’ on group 'Z_CM...
€ 4/10/2015 11:33:15 AM Removed 1 items from group 'Z_CM_FOSPIDT",
€ 4/10/2015 11:36:28 AM Added 1 items to group 'Z_CM_FOSPID1',
€ 4/10/2016 11:39:24 AM Added 1 items to group 'Z_CM_FOSPID1', -
Ready Item Count: 2

Figure 50: OPC Quick Client FOS Step Input Dynamic Monitoring

As OPC Quick Client was only intended to be used to ensure correct configuration of the OPC
server, no additional tests were conducted with this application and focus was shifted to

establish communication with MATLAB and LabVIEW.

5.1.3 Data Exchange with MATLAB
Following successful implementation of the Experion OPC, progression to higher level
programs was then pursued. Initially, connection between MATLAB and Experion to replicate

results attained using OPC Quick Client was achieved. Following the successful configuration
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of the MATLAB client OPC server, MATLAB’s block diagram for simulation and control,

Simulink, was then configured for real-time data access and process control.

MATLAB’s OPC Toolbox provides the tools and functions required for live access to OPC server
data (MathWorks 2016a). The use of this toolbox allowed for the configuration of the OPC
data access client, enabling the reading and writing of data to and from the Host OPC Experion

server.

MATLAB’s OPC Toolbox includes a range of in-built functions for the monitoring and
manipulation of data through text based commands entered in MATLAB’s command window,

or developed as part of a MATLAB program script.

To replicate the achievements made using OPC Quick Client, it was required to initially create
an OPC data access client and establish connection to the Experion server. The creation and
connection to the OPC data access server was achieved by making use of MATLAB’s inbuilt
functions ‘opcda’ and ‘connect’ respectively. Once the connection had been made, a group
was created to contain the items which were to be read from or written to the Experion

server. The group was named ‘Z_CM_FOS’ and created using MATLAB’s ‘addgroup’ function.

Individual items could now be entered into the group, identified by their tag names using
MATLAB’s ‘additem’ function. With the correct connection and creation of groups and items,
it was possible to read and write values using MATLABS ‘read’ and ‘write’ functions, as
indicated by the block diagram in Figure 51. Further explanation and code syntax of each of

the previously mentioned MATLAB functions can be found in Appendix I.
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Figure 51: MATLAB / Experion OPC First Order System - Data Exchange Block Diagram

MATLAB Testing

By entering the previously discussed functions into MATLAB’s command window as illustrated
below, it was possible to read the process variable PV contained within the control module
Z_CM_FOS on the Experion server. The item U was also added to the group for future tests to

be conducted, including writing values to the Experion server.

The following MATLAB code was entered within the command window to achieve

communication.

MATLAB code for configuring OPC data access

da = opcda ('Experion2', "HWHsc.OPCServer'")
connect (da

grp = addgroup(da,'Z CM FOS'")

PV = additem(grp, 'Z CM FOS.PV.PV', 'double')
U = additem(grp, 'Z CM FOS.U.PV', 'double');
PVread = read(PV)

By then entering the ‘PVread’ variable in the command window, the following output was

presented, providing the numeric output value of the first order system PV.
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Read current value PV

PVread =
ItemID: 'Z CM FOS.PV.PV'
Value: 60.0000
Quality: 'Good: Non-specific'
TimeStamp: [2016 10 23 15 23 41.6000]
Error: "'

Comparing the value of ‘PVread’ via OPC to the value read directly from the Experion server

(Figure 52), it can be seen that the numbers are identical, indicating MATLAB is operating

correctly.
|
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Figure 52: MATLAB Testing — PV Value

After successfully reading values from the server, a second test was performed to ensure
writing values to Experion was possible. A numerical value of 20 was written to the variable U

on the Experion server using MATLAB's ‘write’ function as illustrated below.

Write value 20 to item U

write (U, 20);

By entering the ‘PVread’ variable into the command window on two separate occasions

(approximately 5 seconds and 80 seconds after changing the input), this step down in process

87



input had the effect of dynamically altering the process output on Experion, yielding the

following results, noting the time stamps and associated numerical values.

Read value U at t ~ 5s after step change

Uread = read(U);
Uread =
ItemID: 'Z CM FOS.PV.PV'
Value: 52.9860
Quality: 'Good: Non-specific'
TimeStamp: [2016 10 23 15 45 10.2000]
Error: "'

Read Value U at t ~ 80s after step change

Uread
Uread

read (U) ;

ItemID: 'Z CM FOS.PV.PV'
Value: 40.0000
Quality: 'Good: Non-specific'
TimeStamp: [2016 10 23 15 46 31.8000]
Error: "'

As an additional test, to further ensure MATLAB was acquiring the correct data from the
Experion server, a test was conducted whereby a step in the input U to the simulated Experion
system was introduced, with the resulting output PV being acquired and logged periodically
using MATLAB. The values acquired from MATLAB would then be compared with values

acquired directly from Experion, with the expectation that both plots would be identical.

The data for the test was acquired by making use of the previously mentioned functions within
a MATLAB script, to write a new input to the Experion server’s first order system control
module Z_CM_FOS, while periodically sampling and storing the output value for plotting. The

final MATLAB script can be found in Appendix J.

Upon running the simulation and stepping the input from value 20 to 30, the resultant output
from MATLAB was identical to the Experion data, as presented in Figure 53. The raw data and

associated plot acquired from MATLAB can be found in Appendix K.
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Figure 53: MATLAB Testing First Order System (Step input 20-30)

Two additional tests were conducted with varying step input changes, each producing the
same result. These comparison plots can also be found in Appendix K. As the data acquired
with MATLAB was identical to data acquired from Experion for all tests, no further tests were
conducted using MATLAB and focus was shifted to gaining real-time communication using

Simulink.

5.1.3.2 Simulink

As part of this project, it was intended to make use of Simulink’s OPC data communication
abilities for the testing and simulation of real-time process control strategies. Initially,
communication for reading and writing server values, as previously achieved using MATLAB
and OPC Quick Client, was established. Upon successful communication and data exchange,
Simulink’s in-built controller blocks were used to control the simulated Experion first order

process (Z_CM_FQOS) in real time.
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Data exchange with the Experion server was achieved in a similar manner to the previous
software applications; with the creation and connection to the server prior to reading and
writing server values. Initial connection was achieved by inserting an OPC configuration block
(as displayed in Figure 54) into a blank Simulink model and configuring settings for connection
to the OPC server created within Experion. Within the same Simulink model, it was then

possible to insert Simulink’s ‘OPC Read’ and ‘OPC Write’ blocks for real-time data exchange.

vp
OPC Cpnf|g OPC Read ab OPC Write
Real-Time (Disabled) (Disabled)
OPC Configuration T >
OPC Read OPC Write

Within both the ‘OPC Read’ and ‘OPC Write’ block configuration settings, OPC server items

were configured by navigating to the appropriate item (e.g. PV.PV) on the OPC server.

Simulink Testing
Similar to MATLAB and OPC Quick Client, tests were conducted by writing to the input (U) and
reading from the output (PV) of the Experion simulated first order system control module

(Z_CM_F0S), as indicated by the block diagram displayed in Figure 55
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Figure 55: Simulink / Experion OPC First Order System - Data Exchange Block Diagram

As the simulation runs in real-time, a numerical display and scope were included in the model,

allowing for the dynamic monitoring of the process response (see Figure 56).
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Ready View 2 warnings 150% auto(VariableStepDiscrete)

Figure 56: Simulink OPC Model - First Order System Monitoring and Control

Setting the step input to step from value 20 to 30 at time 10 produced the following output on
the scope at the time intervals 50s and 100s, identifying the dynamic monitoring abilities.

Refer to Figure 57 and Figure 58.
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Based on the data presented in Figure 57 and Figure 58, it can be seen that the reading and

writing of data to and from the Experion server via OPC operated correctly. However, as with

the MATLAB OPC data acquired, it was desired to validate the Simulink data values against the

data extracted directly from the Experion server. This was achieved by plotting the two sets of

data on the same axis, with the expectation of identical results.

Both systems produced the same response with the results presented in Figure 59. As the

data point values recorded were identical, no additional step tests were performed. The raw

tabulated data values can be viewed in Appendix L
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Figure 59: Simulink OPC Testing First Order System (Step input 20-30)

With the successful testing of basic read and write functions using Simulink, it was decided to

control the Experion simulated first order system using Simulink’s controller function blocks, as

indicated by the block diagram in Figure 60.
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Figure 60: Simulink / Experion OPC First Order System with PID Data Exchange Block Diagram

The implementation of this control strategy configuration within the Simulink model is

presented in Figure 61.
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Figure 61: Simulink OPC Model - First Order System with PID Control

For each of the real-time control simulation tests conducted, the controller parameters
identified in Table 9 were configured in the Simulink PID block. As with previous tests,

controller tuning parameters were selected arbitrarily.

Table 9: Simulink OPC PID Testing — Controller Tuning Parameters

Simulink PID
Controller Gain 1
Integral Time 0.1
Derivative Time 0

Testing the controller was conducted by introducing a series of setpoint changes and logging

the response of the system. To verify that the controller was operating as intended, identical
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setpoint changes were made in a separate standalone Simulink model developed, containing

the same process and controller parameters as the OPC Simulink model, as illustrated in Figure

62.
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Figure 62: Simulink OPC Testing - Standalone Simulink Model
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The first test conducted involved stepping the setpoint value from 40 to 60 at time 20. The

response of the controller and respective system output for both simulations are displayed in

Figure 63.
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Figure 63: Simulink OPC Testing - First Order System with PID

Based on the data presented, it is clear that the controller is operating correctly, producing

near identical responses to the ideal simulation performed in Simulink. As with previous tests,
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slight discrepancies in response were recorded, however as previously mentioned, these are
believed to be a result of the Euler approximation used for the Experion first order simulation

system.

Three additional tests were conducted and confirmed consistent results, with these
comparison plots presented in Appendix M. With the successful testing of the implementation
of a Simulink controlled Experion system, no further tests were conducted. Focus was then

shifted to achieving the same results using LabVIEW.

For the purpose of this project, LabVIEW’s OPC connectivity property was utilised for the
testing and simulation of real-time control of an Experion simulated process. To achieve a
successful outcome, a systematic approach was adopted. This approach involved initially
reading and displaying values from the Experion server, followed by successfully writing
numerical values to the server using LabVIEW. Upon validation of the data, LabVIEW’s control
toolbox functions were utilised to control Experion’s simulated first order process

(Z_CM_FOS).

OPC communication with Experion was achieved by use of LabVIEW’s Datalogging and
Supervisory Control (DSC) Module. LabVIEW’s DSC Module allows for the development of
monitoring and control systems, with the tools necessary for historical archive creation,
trending, management of alarms and events as well as networking capabilities via OPC
(National Instruments 2016). Communication with an OPC server is achieved by the creation
of a linked 1/O server via OPC. This server connection allows for the creation of a Shared
Variable Engine (SVE), permitting the continuous exchange of Experion data items (known as
bound variables in LabVIEW) via OPC. Figure 64 displays the created SVE and OPC server
connection, with the Experion first order system items listed for use within the LabVIEW

program (K.PV, PV.PV, tau.PV and U.PV).
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Figure 64: LabVIEW OPC Shared Variable Engine

Once the SVE was created with the appropriate bound variables, these variables could be

monitored and controlled using shared variable nodes within a LabVIEW simulation model,

known as a Virtual Instrument or ‘VI’ (National Instruments 2016b) (see Figure 65).
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Figure 65: Shared Variable Node Configuration

Once configured, the shared variable node is then able to be read from, or written to, as

illustrated by the screenshot taken from a developed LabVIEW program (Figure 66).
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LabVIEW Testing

As with the testing of the OPC communication using Simulink, tests were initially conducted by
reading from, and writing to, the previously identified shared variables (Figure 64 and Figure
66), and logging the response. Again, these tests were conducted by making use of the first

order system Experion control module Z_CM_FOS for consistency. See Figure 67.
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Figure 67: LabVIEW / Experion OPC First Order System - Data Exchange Block Diagram

A new LabVIEW VI was created with the appropriate controls and indicators programmed for

the monitoring and control of the first order system in real-time, replicating the block diagram
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configuration in Figure 67. The LabVIEW block diagram and front panel of the VI are presented

in Figure 68 and Figure 69.
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By running the LabVIEW VI simulation, it was possible to alter the input to the system (U), and
dynamically monitor the output (PV) via the waveform chart. Figure 70 displays the response

of the first order system, with the introduction of step in input from value 20 to 30.
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By logging the response of the LabVIEW system, it was possible to verify the data integrity, by

comparing the LabVIEW acquired data to the data acquired directly from the Experion server.

See Figure 71.
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As anticipated, both responses recorded identical data values. Based on these findings, no
additional step tests were recorded. The raw tabulated data values can be viewed in Appendix

N.

With the successful testing of basic read and write functions using LabVIEW, implementation
of a controller on the Experion simulated first order system, using LabVIEW, commenced. See

Figure 72.
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Figure 72: LabVIEW / Experion OPC First Order System with PID - Data Exchange Block Diagram
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For the purpose of testing, LabVIEW’s feedback control PID block was configured in the VI

block diagram as indicated in Figure 73.
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Figure 73: LabVIEW PID Block Implementation
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Entering the configuration specified in Figure 73 into a time loop, allowed for the real-time

simulation of the LabVIEW controlled Experion first order process.

complete block diagram is presented in Figure 74.
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Figure 74: LabVIEW OPC First Order System with PID Block Diagram

For consistency, PID tuning parameters selected were the same as those used with the

Simulink OPC controller. The algorithm for the calculation of the integral action differs slightly

from Simulink, requiring the reciprocal of the integral term (z;) for implementation in LabVIEW

(Equation 15 and Equation 16). A simple calculation was needed to ensure the same integral

value was entered in LabVIEW’s PID block. The controller tuning parameters are presented in

Table 10.

Equation 15: LabVIEW Integral Action Algorithm (Discrete)

Ui(k) = U;(k—1) + %(8(1() + ;:(k - 1)) AT

L

Equation 16: Simulink Integral Action Algorithm (Continuous)

KcTi
S

C(s) =
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Table 10: LabVIEW OPC PID Testing - Controller Tuning Parameters

LabVIEW PID
Controller Gain 1
Integral Time 0.1666666
Derivative Time 0

With the newly configured controller parameters, it was possible to run the programmed VI to

perform real-time simulations to validate OPC controller operation against data acquired from

Simulink. Comparable with previous Simulink OPC tests, several setpoint change tests were

conducted to ensure consistent results. The first test involved stepping the process setpoint

from value 40 to 60, at time 20. As shown in Figure 75, the response of the OPC LabVIEW

controller again closely resembles that of the ideal Simulink controller, indicating correct

implementation in LabVIEW.
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Figure 75: LabVIEW OPC Testing First Order System with PID

Several other tests were conducted which also yielded comparable results (refer to Appendix

0). With successful testing of the implementation of a LabVIEW controlled Experion first order

system, no further tests were conducted.
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The successful real-time control of the simulated system in Experion using MATLAB, Simulink
and LabVIEW via OPC, provides an avenue for future research into the monitoring and control
of Experion simulations via OPC compliant software. Based on the results presented, there is
now a foundation upon which future students may extend the use of LabVIEW and Simulink, in
addition to Microsoft Excel, for the implementation of control schemes on Murdoch

University’s pilot plant within the Instrumentation and Control major.
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6 Delivery against Project Scope - Phase 3

As identified in the project scope, the primary objective of the project was the development of

comprehensive learning materials for the configuration and operation of the Experion System.

6.1 Experion PKS Learning Material

After completion of Phase 1 and 2 of this project, previously developed learning materials
were reviewed (refer to Appendix P for a list of prior authors). The existing tutorial materials
lacked sufficient explanation, detail and were out-dated as a consequence of the Experion
version upgrade. All existing materials were updated and re-written, with the addition of

extensive detailed content.

New tutorials were also created to extend the learning opportunities as a consequence of the
findings of Phases 1 and 2 of this project. Specifically new learning materials developed

include:

e Mathematical Expression;

e Logic Expression;

e First Order System;

e First Order System with PID Control;

e (Cascade Control Strategy;

e Model-Based Predictive Control Strategy;
e OPC- OPC Quick Client;

e OPC-MATLAB;

e OPC-Simulink; and

e OPC-LabVIEW.

As an example of the structure, content and format of the new learning materials, a small

sample of 2 tutorials (HES-1006 — First Order System with PID and HES-5007 — OPC LabVIEW) is
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included in Appendix Q and Appendix R, respectively. The full set of learning materials is
available on Murdoch’s School of Engineering online directory (EngShared) at the following

location: \\mylab\files\engshared\Experion_Dev\Experion_Project

Table 11 provides a summary of all learning materials produced.

Document § .
Title Brief Summary
Number

Initial Set up and Configuration
- Provides procedure for the successful log in to

HES-0001 System Login .
the Experion Server

System Model

- Creation and configuration of the system model
HES-0002 (Server)

] . (servers)
Configuration
ST Asset Model - Creation and configuration of the asset model
Configuration - Describes the use of assets and tag names

Historical Archive . . . . . .
HES-0004 i . - Configuration settings of historical archive

Configuration

Sampling and Trend | - Configuration setting for setting sampling rates
HES-0005 p & . & . & & Ping

Configuration and trend settings

Controllers and Control Modules

- Creation and configuration of a simulated C300
process controller
T Simulated C300 - Assigning of parent asset to controller
Controller Creation - How to load the controller to the server for
simulation
- How to toggle controller status.
- Creation and configuration of continuous
control modules
Control Module o
HES-1002 . - Assigning of parent asset to CM
Creation )
- Loading CM to controller

- How to perform status check on module.

Sequential Control Modules

. - Overview of blocks used within SCM
Sequential Control

HES-3001 . - Creation and configuration of SCM
Module Creation o
- Assigning of parent asset to SCM



Human Machine Interface

- Development of display for basic shapes
- Creation of tank shape
HES-2001 Basic Shapes - Creation of an indicator
- Creation of push button
- Linking data points to shapes
HES-2002 Shape Sequences - Creation of shape sequences
HES-2003 Dynamic Shapes - Creation and configuration of dynamic shapes

- Configuration of trends

HES-2004 Trends o )
- Linking data points to trends
Faceplat d - Confi ti f df lat
e plates an .on.|gura ion o. popups and faceplates
Popups - Linking data points to faceplates and popups

. - Configuration settings for Station
HES-4001 Overview .
- How to access developed displays
Microsoft Excel Data Exchange (MEDE)

HES-6001 Configuration - Configuring MEDE add-in to Microsoft Excel

) ] - Procedure for reading values from Experion
Read and Write With
HES-6002 server

MEDE - )
- Procedure for writing values to Experion server

Complete Simulated Examples

- Development of control module
Mathematical - Reading/writing values with MEDE
HES-1003 . .
Expression - Development of HMI display
- Testing and simulation tips
- Development of control module
) ) - Reading/writing values with MEDE
HES-1004 Logic Expression .
- Development of HMI display
- Testing and simulation tips
- Development of control module
. - Reading/writing values with MEDE
HES-1005 First Order System .
- Development of HMI display
- Testing and simulation tips
- Development of control module
First Order System - Reading/writing values with MEDE
HES-1006 . .
with PID Control - Development of HMI display
- Testing and simulation tips
- Simplified development of control module
HES-1007 Cascade Control - Displayed HMI

- Testing and simulation tips
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HES-1008

Model-Based Control

OPC Communication

- Simplified development of control module
- Displayed HMI
- Testing and simulation tips

HES-5001

HES-5002

HES-5003

HES-5005

HES-5006

HES-5007

After documentation of learning materials was completed, it was considered essential to test
the clarity and ease of understanding of the documents produced. As the project involved

extensive time researching and working with Experion, it was not believed to be valid for the

OPC Introduction

OPC Experion Server
Configuration

OPC Quick Client

OPC MATLAB Client

OPC Simulink Client

OPC LabVIEW Client

- Introduction to OPC communication

- Configuration of Experion server for OPC
communication

- Use of OPC Quick Client for testing Experion
OPC server configuration

- Read/write values using OPC Quick Client

- OPC Configuration functions identified

- Read/write values dynamically using MATLAB
- MATLAB example script included

- OPC configuration settings identified

- Read/write values dynamically using Simulink
- Tips for implementing control strategies
(including example)

- OPC configuration settings identified

- Read / write values dynamically using LabVIEW
- Tips for implementing control strategies
(including example)

author to evaluate the quality and useability of the learning materials.

As the documentation is intended for use by students with no prior experience with Honeywell
Experion PKS, the learning materials were tested by a fellow student who had no prior
Experion experience (Mr Michael Crooke).

materials and attempt to recreate two complete example programs (Boolean Logic and

Mathematical Function).
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Mr Crooke successfully created his own simulated C300 controller and associated asset,
followed by the successful re-creation of each of the identified examples. Screenshots of the

control modules and HMI’s, produced by Mr Crooke, can be found in Appendix S.

Additionally, Mr Crooke provided a reflection on the learning experience as well as the

learning materials produced, and indicated the following:

“Firstly, | would like to state | had no prior knowledge or experience with the Experion software
before attempting these tutorials. While progressing my way through the beginner tutorials a
vast range of information was presented. This information not only presented detailed steps on
how to do all that was required, but also what this meant on a wider scale. Resulting in the fact
not only was | making myself control modules but also learning about how they tied in within

the software and how they worked.

As for the procedural steps; they were extremely detailed and concise. | would like to make a
special mention about all images within the documents help dramatically, where no time was
wasted searching for a particular icon/setting as it was clearly stated. Additionally, the
organisation of all tutorial documents helped greatly with transitioning from one to another
once completed, and lastly, when performing the later/more involved tutorials references to
the previously completed documents were extremely useful. This helped tremendously as no
wasted time was required searching around to find the forgotten or unknown details. Overall |
must say these tutorials are presented and written in an extremely helpful and practical

manner. ”

The learning materials produced at the completion of phase 1 and 2 of the project provide a
tool for the development of technical knowledge of distributed control systems. Based on the

successful testing of these materials, students will be able to configure the Experion system
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quickly and efficiently, before developing their own control simulations for testing. At the
conclusion of learning material development, an intuitive folder structure was developed to
assist students in progressing through tutorials in an appropriate manner. Additionally, each
of the tutorials identifies hyperlinked additional resources for further information, as well as
indicating a set of suggested pre-requisite documents for completion prior to the completion

of the present document.
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7 Proposed Future Work

Throughout this project, several areas requiring additional research were recognised. These

areas of proposed future research are discussed below.

It was originally intended to produce several complete example programs and associated
learning materials for the configuration of SCMs. However, due to the problems experienced
with the Experion server in early weeks, the time allocated in the project schedule to SCM
research had to be removed from the project scope. For this reason, only the basic
configuration of SCMs and their respective function blocks were researched and documented,

leaving room for further SCM program development.

It is suggested, for the next stage of research into SCMs, to apply a similar methodology to that

adopted in this report (Research, Develop, Simulate, Test and Validate).

Additional testing of OPC controlled systems is recommended. As indicated in the preceding
sections of this report, data discrepancies between ideal controllers implemented in Simulink,
and controllers implemented using third party control software was present. This was
assumed to be a result of the Euler approximation of the first order system tested, however

further research and testing is required to confirm the cause of the discrepancies.

Another potential cause of these discrepancies that should be investigated is the possibility of
inconsistent synchronisation of the third party applications and the Experion server. As an
example, the execution of the LabVIEW or Simulink real-time simulations may not be precisely
every one second. Further testing is required to ensure sampling synchronisation is not the

cause of the data irregularities.
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Within this report, only a sample of the possible control strategies were implemented and
validated. It is recommended to continue exploring advanced controller strategies such as
feedforward control and augmented feedforward feedback control. It is suggested to adopt
the same approach as presented in this report, including extensive testing and validation prior

to documentation of the strategy.

Furthermore, it is recommended to expand upon the research and testing performed on
Honeywell’s model-based predictive controller (Profit Loop). One potential area of research
involves testing the performance of the controller for a variety of complex systems, such as

systems with inverse response and those with significant time delays.

Additionally, further research into the identification of the process model using the Profit Loop
Assistant is required. For the purpose of this project, only direct entry was examined, it is
suggested to research and test identifying the process model by way of PID tuning parameters

and step testing.

The successful implementation of control strategies on the simulated Experion system
provides a path for future students to simulate newly developed control algorithms. For the
purpose of this report, only simple linear first order systems were developed for simulation
purposes. If the University pilot plant were to be fully modelled into Experion, students could
perform simulations of their control algorithms prior to implementation on the physical plant.
The successful implementation of a complete simulated pilot plant would provide a number of

benefits to the University, some of which include:

e Providing students with an additional resource for testing and implementation

of control strategies;
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e Further experience using an industry standard control system application;

e A potential reduction in the replacement/refurbishment of pilot plant

instruments and hardware.

It is recognised that the modelling of the complete pilot plant is an extensive exercise, and as
Experion is intended for use as a DCS, rather than a complex process simulator, Experion may
not be the optimal program for use. However, Murdoch University has access to two process
simulation software programs which have the potential to be configured to the Experion

system for control applications; Aspen HYSYS and Honeywell’s UniSim.

Aspen HYSYS is a simulation application used for the design, optimisation and simulation of
industrial processes (Aspen Technology, Inc. 2016). Aspen Operator Training Simulator (OTS)
Framework offers a single integrated platform for the simulation of developed processes. A
key feature of the OTS Framework is the identification of OPC communication as a primary
means for data transfer by OTS applications (Aspen Technology, Inc. 2008). Further research is
required to confirm the possibility of OPC communication between Honeywell Experion and

Aspen HYSYS.

An alternative option for pilot plant modelling is the use of Honeywell’s UniSim software.
UniSim is Honeywell’s modelling software for the creation and simulation of steady-state and
dynamic process models (Honeywell 2016e). As UniSim is part of Honeywell’s process control
umbrella, it is expected that the application interoperability may be achieved more efficiently

than with the use of a third party application (i.e. Aspen HYSYS).
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By creating the system model in either of these programs, Experion can be used as the
controller for the simulated process, or as the OPC server for the implementation of control

strategies using third party software applications, such as Simulink and LabVIEW.

The successful implementation of basic control strategies via OPC presented in this report
provides a possible avenue for further research. With additional research and testing, it is
believed the approach adopted for controlling the simulated processes via OPC could be
implemented for controlling Murdoch physical pilot plant. Both Simulink and LabVIEW are
believed to be worthwhile alternatives to Microsoft Excel for the implementation of real-time

control strategies in the pilot plant.

To achieve control of the pilot plant with these applications, first an OPC server must be
configured on the pilot plant server, allowing for the exchange of data points required for the
effective monitoring and control of the plant. Then, depending on the application selected for
control, the configuration steps identified in this report, or appropriate learning materials, can

be followed to achieve control.
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8 Summary and Concluding Remarks

At the conclusion of this project, three key achievements were identified including the
successful implementation, simulation and validation of several programs and control
strategies, real-time communication with third party process control applications and the

creation of an extensive set of learning materials.

A total of six simulation programs were developed and tested, including three control strategy
implementations; feedback PID, cascade and model-based predictive control. The validation
of these control arrangements provides an avenue for future students to re-create these
strategies in an attempt to gain technical knowledge and experience with the implementation

of simulated control schemes in a real world industrial plant.

The successful configuration and testing of real-time data exchange with a variety of different
third party applications, provides the foundation for future research into the capabilities of the
interoperability between Honeywell Experion and process control software applications to be

performed.

Finally, an extensive set of learning materials to facilitate the teaching of the new unit to be
introduced at Murdoch University in 2017 has been produced. These materials will assist staff
and students in gaining a comprehensive understanding of the role a distributed control
system in an industrial setting, providing the information necessary to configure, simulate and

validate control strategies developed within the Honeywell Experion package.
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10 Appendices

10.1 Appendix A: Phase 1 Constraint - Solution to Technical Issues with

Experion Server

Identified Cause:

Bad password for the manager account (MNGR) embedded within the Experion CDA-SP
Service. This meant the service was not running on the simulation server (PROFIT-SVR). This

was a result of a password misconfiguration during the installation of the simulation server.

The problem that proceeded was that it was not known that the controller simulations on the
Experion server required a separate simulation server (a change from the configuration in
previous release RS311). Without a separate accessible simulation server, simulations are not

able to be performed.

Solution Implemented:

1. Created and configured a separate simulation server (PROFIT-SVR)

2. Re-configured Experion with correct password.

Contact:

Mr Will Stirling

Technical Officer, Murdoch University
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10.2 Appendix B: Phase 2 Constraint - Solution to OPC Data Access

Restrictions

Identified Cause:

The Experion OPC service uses Distributed Component Object Model (DCOM) to control access
to the service. Therefore, the accessed needed to be open to all users (using the Everyone
security group). This was not the default setting as installed during the Experion installation
process as it can pose a greater security risk. The greater security risk is not a significant issue
at Murdoch University as there would be minimal impact. However, there is a different

evaluation for a real world plant system.

Solution Implemented:

Allow access to all users (Everyone).

Actual implementation on the Experion PKS OPC Server DCOM Properties is:

Everyone is granted:

- Allow launch and activation permission both local and remote.

- Allow access permission both local and remote.

Local Engineers group on Experion2 is granted:

- Configuration permission as Full Control and Read (left as set by the Honeywell

Experion Installer

Contact:

Mr Will Stirling

Technical Officer, Murdoch University
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10.3 Appendix C: Euler Approximation for First Order System

Starting with the equation:

Equation1: Transfer Function:
s+1

Which in differential equation form and applying an input ‘U’ yields:

d
Equation 2: Td_)t/ +y = Ku(t)

Applying Euler Approximations:

y(k) —y(k—1)
At

Equation 3: T< ) + y(k) = Ku(k)

Rearranging for y(k):

KAtu(k) +ty(k—1)
T+ At

Equation 4: y(k) =

121



1a

First Order System Monitoring and Control vi

10.4 Appendix D

Microsoft Excel Data Exchange (MEDE)
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Figure 76: First Order System Monitoring and Control with MEDE
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First Order System Least Squares Regression Analysi

10.5 Appendix E

Screenshot
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10.6 Appendix F: First Order System with PID Control Testing

System 1
First Order System with PID Control
SP Tracking Test 1 (Setpoint change 40 - 60 at t = 5s)
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Simulink MV ——— Simulink PV Response
Figure 78: System 1 - First Order System with PID - Test 1
First Order System with PID Control
SP Tracking Test 2 (Setpoint 60 - 40 at time = 5s)
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Figure 79: System 1 - First Order System with PID - Test 2
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First Order System with PID Control
SP Tracking Test 3 (Setpoint 25 - 30 at time = 5s)

35
30 e
’ /
’l
S 2
©
> /\
£
5 20 / —
15
10
0.00 5.00 10.00 15.00 20.00 25.00
Time (s)
Experion PV Response Experion MV = ===-- Setpoint
Simulink MV = Simulink PV
Figure 80: System 1 - First Order System with PID - Test 3
First Order System with PID Control
SP Tracking Test 4 (Setpoint 30 - 25 at time = 5s)
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Figure 81: System 1 - First Order System with PID - Test 4
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System 2

First Order System with PID Control
SP Tracking Test 1 (Setpoint 40-60 at time = 10s)
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Figure 82: System 2 - First Order System with PID - Test 1
First Order System with PID Control
SP Tracking Test 2 (Setpoint 60-40 at time = 10s)
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Figure 83: System 2 - First Order System with PID - Test 2
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First Order System with PID Control
SP Tracking Test 3 (Setpoint 25-30 at time = 10s)
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Figure 84: System 2 - First Order System with PID - Test 3
First Order System with PID Control
SP Tracking Test 4 (Setpoint 30-25 at time = 10s)
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Figure 85: System 2 - First Order System with PID - Test 4
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10.7 Appendix G: Cascade Control Strategy Disturbance Introduction

Tests

Test 1: Setpoint = 75, Disturbance -8 at time = 5

Cascade Disturbance Rejection
Setpoint = 75
(Disturbance (+8) Introduced at t = 5s)
100
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----- Setpoint = Simulink GC2
Simulink PV Simulink MV

Figure 86: Cascade Control Response Comparison Test 1 (Disturbance +8 at Time =5s)

Test 2: Setpoint = 75, Disturbance -8 at time = 5
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(Disturbance (-8) Introduced at t = 5s)
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Figure 87: Cascade Control Response Comparison Test 2 (Disturbance -8 at Time =5s)
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Test 3: Setpoint = 75, Disturbance +5 at time = 5
Cascade Disturbance Rejection
Setpoint =75
(Disturbance (+5) Introduced at t = 5s
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Figure 88: Cascade Control Response Comparison Test 3 (Disturbance +5 at Time =5s)

Test 4: Setpoint = 75, Disturbance -5 at time = 5
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Figure 89: Cascade Control Response Comparison Test 4 (Disturbance -5 at Time =5s)
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10.8 Appendix H: Model-Based Predictive Controller Testing

Open Loop Step Test: Step input 25-35 at time = 10s

Open Loop Test
Step Input 25-35 at t = 10s
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Figure 90: Open Loop Step Test (Step input 25-35 at time = 10s)

Model-Based Predictive Control (PID-PL): Setpoint Change 50-70 at time =

10s [Performance Ratio = 1]

First Order System with PID-PL Control
Setpoint Change 50 - 70 att=10
Performance Ratio=1

80

70 i =
550 L _—
> 40
£ 30 —_
= I

20

10

0

0.00 20.00 40.00 60.00 80.00 100.00
Time (s)
Experion PV Response Experion MV = ====- Setpoint

Figure 91: Model-Based Predictive Controller Test (Setpoint Change 50-70 at time = 10s)
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Model-Based Predictive Control (PID-PL): Performance Ratio Comparison

Unit Value
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Figure 92: Model-Based Control - Performance Ratio Comparison
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10.9 Appendix I: MATLAB OPC Data Exchange Functions
opcda

The opcda function is designed to create a data access client server (object). For creating the

MATLAB object, MATLAB expects the following code syntax (MathWorks 2016f):

Obj = opcda('Host', 'ServerID’)

For the creation of a connection to the Experion server the following syntax was used:

da = opcda ('Experion2', "HWHsc.OPCServer'")

connect

The connect function connects the created data access object to the OPC server (MathWorks

2016e). For connecting to the Experion server the following syntax was used:

connect (da)
Once connected to the Experion server, it was then possible create a group for adding items

(point parameters) for monitoring and control

addgroup

The addgroup function is designed to create a group for adding items for monitoring and
control. Typically, different groups are added to support different sample rates and
configuration settings (MathWorks 2016c). The following syntax was used for the creation of a

group to monitor and control the point contained within the control module Z CM_FOS:

grp = addgroup(da,'Z CM FOS')

additem

As the name suggests, the additem function add the items (point parameters) to the created
group (MathWorks 2016d) . Using intuitive names, the following items from the control
module Z CM_FOS were added:

PV = additem(grp, 'Z CM FOS.PV.PV', 'double');

U = additem(grp, 'Z CM FOS.U.PV', 'double');

tau = additem(grp, 'Z CM FOS.tau.PV',6 'double');
K = additem(grp, 'Z CM FOS.K.PV', 'double');

Each of these items are now able to be read and written to using the read and write functions
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The read function provides the ability to read data synchronously from created groups or
items (MathWorks 2016g). The example blow shows the output of the read function for the

item PV:

PVread
PVread =
ItemID: 'Z_CM_FOS.PV.PV'
Value: 40.0000
Quality: 'Good: Non-specific'
TimeStamp: [2016 10 23 15 23 41.6000]
Error: '!

Additionally, the read function can be used to read an entire group storing the values in an

read (PV) ;

structured array.

The write function provides the ability to write values to groups or items (MathWorks 2016h).
The example below writes the value 20 to the variable U. This variable U is for the item

Z_CM_FOS.U.PV.

write (U, 20);
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10.10 Appendix J: MATLAB Script - First Order System Step Test

oe

% OPC MATLAB Script

Simon Godfrey 6/10/2016

6/10/2016

This script allows the user to monitor and control the variables
contained
% within the Experion2 control module Z CM FOS.

o0 o

o°

% Users are able to alter the Process Gain (K) and Time Constant (Tau)
as well as

% introduce a step in the input (U) to the system.

% The response of the system will be plotted on Figure 1 at the
completion

% of the algorithm.

% Note: As this program operates with real-time data acquisiton from
he

% Experion Server (@ 1 sample per second)

o+

%% Clear Workspace
clear
clc

%% Client and Server Configuration
da = opcda ('Experion2', '"HWHsc.OPCServer'); %Create Client Server for
connecting to Experion

o

connect (da); % Connect to above server (da = Data Access)

%% Create client group
grp = addgroup(da,'Z CM FOS');

%% Add items for read/write to group (From Z CM FOS)

PV = additem(grp, 'Z CM FOS.PV.PV', 'double'); S$Add item PV.PV from
Z_CM_FOS

U = additem(grp, 'Z CM FOS.U.PV', 'double'); %Add item U.PV from

Z CM FOS

tau = additem(grp, 'Z CM FOS.tau.PV',6 'double'); %Add item tau.PV from
Z CM FOS

K = additem(grp, 'Z CM FOS.K.PV', 'double'); %Add item K.PV from
Z_CM_FOS

%% Write Value(s) to Experion server

u write = 20; %Value to be written to U - STEP INPUT

tau write = 10; %Value to be written to tau - PROCESS TIME CONSTANT
K write = 2; %Value to be written to K - PROCESS GAIN

o\°

% Simulation time
Note: consider process time constant when entering simulation time
sim time = 100; %Set the time of simulation

o\

%% Values Written to Server

write(U,u write); 3Write Value u write to U.PV

write (tau,tau write); 3Write Value tau write to tau.PV
write(K,K write); 3%Write Value K write to K.PV

% Read Group
vl = read(grp); %Reads all values contained within group created above
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%% Read Value(s) from Experion server

Uread = struct2cell (read(U)); % convert structure of U to cell
dispU = Uread(2); S%extract second index from Cell

dispU = dispU{l}; S%extract numeric value for displaying

PVread struct2cell (read (PV));
dispPV = PVread(2);
dispPV = dispPV{l};

tauread = struct2cell (read(tau));
disptau = tauread(2);
disptau = disptau{l};

kread = struct2cell (read(K));
dispK = kread(2);
dispK = dispK{l};

fprintf ('Gain = $3.1f Tau = %$3d Input (U) = $3d Current PV = %3.1f
\n' ,dispK ,disptau, dispU, dispPV)

o
]

Il oo

For loop to grab OPC server values and store in array
i=0;
for i = 1:1:(sim _time + 1);
pause (l); %1 second pause - acquire data from OPC Experion Server
every 1 second (Fastest rate by Experion)

PVread = read (PV);
Uread = read(U);

PVread = struct2cell (PVread); S%convert structure of U to cell
Uread = struct2cell (Uread);

PVvalue = PVread(2); %extract second index from Cell
Uvalue = Uread(2);

PVvalue = PVvalue{l}; %Grabs Numeric wvalue
Uvalue = Uvalue{l};

PVvaluearray (i) = PVvalue; $Store numeric values into array
Uvaluearray (i) = Uvalue;
end

%% Plotting of steps for testing
t=0:1:sim time; %Time value for x axis plotting
figure (1)
plot (t, PVvaluearray, '-ro', t, Uvaluearray, '-bo') %SPlot PV and U
arrays
title('Z CM FOS : First Order System OPC Values');
legend ('Process Variable PV.PV', 'Input Variable U.PV'");
ylabel ('Value');
xlabel ('Time(s) ") ;
ylim ([0 1007);

%% Transpose Arrays for Excel Plots (Comparison to Experion Data)
PV _transpose = transpose (PVvaluearray)
U Transpose = transpose (Uvaluearray);
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10.11 Appendix K: MATLAB First Order System Testing

Example 1: Input Step 20-30 - Raw MATLAB Data Acquired

Gain = 2.0 Tau = 10 Input (U) = 30 Current PV = 40.0
Z CM FOS : First Order System OPC Values
100 T T . . T T T
| —S— Process Variable PV.PV | |
20 —&— Input Variable U.PV

Value

80

70T

209

1071

30

40 50 60

Time(s)

70 80 90

100

Figure 93: MATLAB OPC Step Test (Step input 20-30)

Table 12: MATLAB OPC First Order System Step Test Raw Tabulated Results (Experion vs MATLAB OPC)

Experion PV MATLAB (OPC)

Date Time Time Response Step Input PV

10/18/2016 HiHHH T 0.00 40 20 40
10/18/2016 HHHHHH 1.00 40 20 40
10/18/2016 HiHHHHHH 2.00 40 20 40
10/18/2016 HHHHHH 3.00 40 20 40
10/18/2016 HHHHHH 4.00 40 20 40
10/18/2016 HiHHHHHH 5.00 40 20 40
10/18/2016 HHHHHH 6.00 40 20 40
10/18/2016 HHHHHHH 7.00 40 20 40
10/18/2016 HHHSHBIH 8.00 40 20 40
10/18/2016 HiHHH T 9.00 40 20 40
10/18/2016 HiHHH T 10.00 40 20 40
10/18/2016 HHHSHBIH 11.00 40 20 40
10/18/2016 HiHHH T 12.00 40 20 40
10/18/2016 HHHHHH 13.00 40 20 40
10/18/2016 HiHHH 14.00 40 20 40
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10/18/2016 HiHHHBHH 15.00 40 20 40
10/18/2016 HitH#HHHH 16.00 40 20 40
10/18/2016 HiHHBHH] 17.00 40 20 40
10/18/2016 HiHHBH ] 18.00 40 20 40
10/18/2016 HitHHHHHH 19.00 40 20 40
10/18/2016 HiHHBHH] 20.00 41.94 40 41.94137257
10/18/2016 HitH 21.00 45.55 40 45.54602108
10/18/2016 HiHHBHH] 22.00 48.81 40 48.80926234
10/18/2016 HitH#HHHH 23.00 51.76 40 51.76343209
10/18/2016 HitHH#HHHH 24.00 54.44 40 54.43780343
10/18/2016 HiHHBHH] 25.00 56.86 40 56.85887691
10/18/2016 HitH#HHHH 26.00 59.05 40 59.05064315
10/18/2016 HiHHBHH 27.00 61.03 40 61.03482053
10/18/2016 HitHH#HHHH 28.00 62.83 40 62.83107044
10/18/2016 HiHHBHH 29.00 64.46 40 64.45719204
10/18/2016 HiHHBHH 30.00 65.93 40 65.92929871
10/18/2016 HitHH#HHHH 31.00 67.26 40 67.26197768
10/18/2016 HiHHBHH 32.00 68.47 40 68.46843457
10/18/2016 HitH#HHHH 33.00 69.56 40 69.56062425
10/18/2016 HiHHBHH 34.00 70.55 40 70.54936932
10/18/2016 HitH#HHHH 35.00 71.44 40 71.44446733
10/18/2016 HitH#HHHH 36.00 72.25 40 72.25478788
10/18/2016 HiHHBHH 37.00 72.99 40 72.98836051
10/18/2016 HitH#HHHH 38.00 73.65 40 73.65245424
10/18/2016 HiHHBHH 39.00 74.25 40 74.25364963
10/18/2016 HitHH#HHHH 40.00 74.8 40 74.79790397
10/18/2016 HiHHBHH 41.00 75.29 40 75.29061033
10/18/2016 HiHHBHH 42.00 75.74 40 75.73665096
10/18/2016 HitHH#HHHH 43.00 76.14 40 76.14044573
10/18/2016 HiHHBHH 44.00 76.51 40 76.50599587
10/18/2016 HitH 45.00 76.84 40 76.83692364
10/18/2016 HiHHBHH 46.00 77.14 40 77.13650824
10/18/2016 HitH 47.00 77.41 40 77.40771826
10/18/2016 HitH 48.00 77.65 40 77.65324116
10/18/2016 HiHHBHH 49.00 77.88 40 77.87550984
10/18/2016 HitH 50.00 78.08 40 78.07672677
10/18/2016 HiHHBHH 51.00 78.26 40 78.25888583
10/18/2016 HitH 52.00 78.42 40 78.42379206
10/18/2016 HHHBH ] 53.00 78.57 40 78.57307951
10/18/2016 HHHBH ] 54.00 78.71 40 78.7082275
10/18/2016 HitHHHHHH 55.00 78.83 40 78.83057521
10/18/2016 HHHBH ] 56.00 78.94 40 78.94133499
10/18/2016 HitHHHHHH 57.00 79.04 40 79.04160438
10/18/2016 HiHHBH ] 58.00 79.13 40 79.13237694
10/18/2016 HitHHHHHH 59.00 79.21 40 79.21455217
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10/18/2016 HiHHHBHH 60.00 79.29 40 79.28894432
10/18/2016 HitH#HHHH 61.00 79.36 40 79.35629057
10/18/2016 HiHHBHH] 62.00 79.42 40 79.41725825
10/18/2016 HiHHBH ] 63.00 79.47 40 79.4724515
10/18/2016 HitHHHHHH 64.00 79.52 40 79.52241722
10/18/2016 HiHHBHH] 65.00 79.57 40 79.56765054
10/18/2016 HitH 66.00 79.61 40 79.60859968
10/18/2016 HiHHBHH] 67.00 79.65 40 79.64567039
10/18/2016 HitH#HHHH 68.00 79.68 40 79.67923003
10/18/2016 HitHH#HHHH 69.00 79.71 40 79.70961113
10/18/2016 HiHHBHH] 70.00 79.74 40 79.73711474
10/18/2016 HitH#HHHH 71.00 79.76 40 79.76201341
10/18/2016 HiHHBHH 72.00 79.78 40 79.78455384
10/18/2016 HitHH#HHHH 73.00 79.8 40 79.8049594
10/18/2016 HiHHBHH 74.00 79.82 40 79.82343229
10/18/2016 HiHHBHH 75.00 79.84 40 79.84015556
10/18/2016 HitHH#HHHH 76.00 79.86 40 79.85529491
10/18/2016 HiHHBHH 77.00 79.87 40 79.86900037
10/18/2016 HitH#HHHH 78.00 79.88 40 79.88140774
10/18/2016 HiHHBHH 79.00 79.89 40 79.89263998
10/18/2016 HitH#HHHH 80.00 79.9 40 79.90280837
10/18/2016 HitH#HHHH 81.00 79.91 40 79.91201369
10/18/2016 HiHHBHH 82.00 79.92 40 79.9278913
10/18/2016 HitH#HHHH 83.00 79.93 40 79.93472094
10/18/2016 HiHHBHH 84.00 79.93 40 79.94090372
10/18/2016 HitHH#HHHH 85.00 79.94 40 79.94650091
10/18/2016 HiHHBHH 86.00 79.95 40 79.95156797
10/18/2016 HiHHBHH 87.00 79.95 40 79.95615511
10/18/2016 HitHH#HHHH 88.00 79.96 40 79.9603078
10/18/2016 HiHHBHH 89.00 79.96 40 79.96406717
10/18/2016 HitH 90.00 79.96 40 79.96747047
10/18/2016 HiHHBHH 91.00 79.97 40 79.97055144
10/18/2016 HitH 92.00 79.97 40 79.97334061
10/18/2016 HitH 93.00 79.97 40 79.9758656
10/18/2016 HiHHBHH 94.00 79.98 40 79.97815144
10/18/2016 HitH 95.00 79.98 40 79.98022079
10/18/2016 HiHHBHH 96.00 79.98 40 79.98209413
10/18/2016 HitH 97.00 79.98 40 79.98379005
10/18/2016 HHHBH ] 98.00 79.98 40 79.98532535
10/18/2016 HHHBH ] 99.00 79.99 40 79.98671523
10/18/2016 HitHHHHHH 100.00 79.99 40 79.98797347
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Example 2: Input Step 20-40

First Order System (SYS2)
Experion Values and MATLAB OPC Values
Step Input 20-40 at t = 20
90
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Experion PV Response Step Input - = = MATLAB (OPC) PV

Figure 94: MATLAB OPC Testing - First Order System Test (Step input 20-40 at time = 20s)

Example 3: Input Step 30-20

First Order System (SYS2)
Experion Values and MATLAB OPC Values
Step Input 30-20 at t = 20
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Figure 95: MATLAB OPC Testing - First Order System Test (Step input 30-20 at time = 20s)
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10.12 Appendix L: Simulink First Order System OPC Testing

Example 1: Input Step 20-30 - Raw Simulink Data Acquired

Table 13: Simulink OPC First Order System Step Test Raw Tabulated Results (Experion vs Simulink OPC)

Experion PV
Date Time Time Response Step Input Simulink (OPC) PV

10/27/2016 5:13:05 PM 0 40.00 20 40.00
10/27/2016 5:13:06 PM 1 40.00 20 40.00
10/27/2016 5:13:07 PM 2 40.00 20 40.00
10/27/2016 5:13:08 PM 3 40.00 20 40.00
10/27/2016 5:13:09 PM 4 40.00 20 40.00
10/27/2016 5:13:10 PM 5 40.00 20 40.00
10/27/2016 5:13:11 PM 6 40.00 20 40.00
10/27/2016 5:13:12 PM 7 40.00 20 40.00
10/27/2016 5:13:13 PM 8 40.00 20 40.00
10/27/2016 5:13:14 PM 9 40.00 20 40.00
10/27/2016 5:13:15 PM 10 40.59 30 40.59
10/27/2016 5:13:16 PM 11 42.43 30 42.43
10/27/2016 5:13:17 PM 12 44.09 30 44.09
10/27/2016 5:13:18 PM 13 45.60 30 45.60
10/27/2016 5:13:19 PM 14 46.96 30 46.96
10/27/2016 5:13:20 PM 15 48.20 30 48.20
10/27/2016 5:13:21 PM 16 49.31 30 49.31
10/27/2016 5:13:22 PM 17 50.33 30 50.33
10/27/2016 5:13:23 PM 18 51.24 30 51.24
10/27/2016 5:13:24 PM 19 52.07 30 52.07
10/27/2016 5:13:25 PM 20 52.82 30 52.82
10/27/2016 5:13:26 PM 21 53.50 30 53.50
10/27/2016 5:13:27 PM 22 54.12 30 54.12
10/27/2016 5:13:28 PM 23 54.68 30 54.68
10/27/2016 5:13:29 PM 24 55.18 30 55.18
10/27/2016 5:13:30 PM 25 55.64 30 55.64
10/27/2016 5:13:31 PM 26 56.05 30 56.05
10/27/2016 5:13:32 PM 27 56.42 30 56.42
10/27/2016 5:13:33 PM 28 56.76 30 56.76
10/27/2016 5:13:34 PM 29 57.07 30 57.07
10/27/2016 5:13:35 PM 30 57.35 30 57.35
10/27/2016 5:13:36 PM 31 57.60 30 57.60
10/27/2016 5:13:37 PM 32 57.83 30 57.83
10/27/2016 5:13:38 PM 33 58.03 30 58.03
10/27/2016 5:13:39 PM 34 58.22 30 58.22
10/27/2016 5:13:40 PM 35 58.39 30 58.39
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10/27/2016 5:13:41 PM 36 58.54 30 58.54
10/27/2016 5:13:42 PM 37 58.68 30 58.68
10/27/2016 5:13:43 PM 38 58.80 30 58.80
10/27/2016 5:13:44 PM 39 58.92 30 58.92
10/27/2016 5:13:45 PM 40 59.02 30 59.02
10/27/2016 5:13:46 PM 41 59.11 30 59.11
10/27/2016 5:13:47 PM 42 59.20 30 59.20
10/27/2016 5:13:48 PM 43 59.27 30 59.27
10/27/2016 5:13:49 PM 44 59.34 30 59.34
10/27/2016 5:13:50 PM 45 59.40 30 59.40
10/27/2016 5:13:51 PM 46 59.46 30 59.46
10/27/2016 5:13:52 PM 47 59.51 30 59.51
10/27/2016 5:13:53 PM 48 59.56 30 59.56
10/27/2016 5:13:54 PM 49 59.60 30 59.60
10/27/2016 5:13:55 PM 50 59.64 30 59.64
10/27/2016 5:13:56 PM 51 59.67 30 59.67
10/27/2016 5:13:57 PM 52 59.70 30 59.70
10/27/2016 5:13:58 PM 53 59.73 30 59.73
10/27/2016 5:13:59 PM 54 59.76 30 59.76
10/27/2016 5:14:00 PM 55 59.78 30 59.78
10/27/2016 5:14:01 PM 56 59.80 30 59.80
10/27/2016 5:14:02 PM 57 59.82 30 59.82
10/27/2016 5:14:03 PM 58 59.84 30 59.84
10/27/2016 5:14:04 PM 59 59.85 30 59.85
10/27/2016 5:14:05 PM 60 59.87 30 59.87
10/27/2016 5:14:06 PM 61 59.88 30 59.88
10/27/2016 5:14:07 PM 62 59.89 30 59.89
10/27/2016 5:14:08 PM 63 59.90 30 59.90
10/27/2016 5:14:09 PM 64 59.91 30 59.91
10/27/2016 5:14:10 PM 65 59.92 30 59.92
10/27/2016 5:14:11 PM 66 59.93 30 59.93
10/27/2016 5:14:12 PM 67 59.93 30 59.93
10/27/2016 5:14:13 PM 68 59.94 30 59.94
10/27/2016 5:14:14 PM 69 59.95 30 59.95
10/27/2016 5:14:15 PM 70 59.95 30 59.95
10/27/2016 5:14:16 PM 71 59.96 30 59.96
10/27/2016 5:14:17 PM 72 59.96 30 59.96
10/27/2016 5:14:18 PM 73 59.96 30 59.96
10/27/2016 5:14:19 PM 74 59.97 30 59.97
10/27/2016 5:14:20 PM 75 59.97 30 59.97
10/27/2016 5:14:21 PM 76 59.97 30 59.97
10/27/2016 5:14:22 PM 77 59.98 30 59.98
10/27/2016 5:14:23 PM 78 59.98 30 59.98
10/27/2016 5:14:24 PM 79 59.98 30 59.98
10/27/2016 5:14:25 PM 80 59.98 30 59.98
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10/27/2016 5:14:26 PM 81 59.98 30 59.98
10/27/2016 5:14:27 PM 82 59.98 30 59.98
10/27/2016 5:14:28 PM 83 59.99 30 59.99
10/27/2016 5:14:29 PM 84 59.99 30 59.99
10/27/2016 5:14:30 PM 85 59.99 30 59.99
10/27/2016 5:14:31 PM 86 59.99 30 59.99
10/27/2016 5:14:32 PM 87 59.99 30 59.99
10/27/2016 5:14:33 PM 88 59.99 30 59.99
10/27/2016 5:14:34 PM 89 59.99 30 59.99
10/27/2016 5:14:35 PM 90 59.99 30 59.99
10/27/2016 5:14:36 PM 91 59.99 30 59.99
10/27/2016 5:14:37 PM 92 59.99 30 59.99
10/27/2016 5:14:38 PM 93 60.00 30 60.00
10/27/2016 5:14:39 PM 94 60.00 30 60.00
10/27/2016 5:14:40 PM 95 60.00 30 60.00
10/27/2016 5:14:41 PM 96 60.00 30 60.00
10/27/2016 5:14:42 PM 97 60.00 30 60.00
10/27/2016 5:14:43 PM 98 60.00 30 60.00
10/27/2016 5:14:44 PM 99 60.00 30 60.00
10/27/2016 5:14:45 PM 100 60.00 30 60.00
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10.13 Appendix M: Simulink OPC Control Testing

Test 2 - Setpoint change 60-40 at time = 20s

OPC Testing
Simulink PID Controller
SP Change 60-40 at t=20
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Figure 96: Simulink OPC Controller Testing (Setpoint 60-40 at time = 20s)

Test 3 - Setpoint change 40-30 at time = 20s

OPC Testing
Simulink PID Controller
SP Change 40-30 at t=20
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Figure 97: Simulink OPC Controller Testing (Setpoint 40-30 at time = 20s)

143



Test 3 - Setpoint change 30-40 at time = 20s

Unit Value
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Figure 98: Simulink OPC Controller Testing (Setpoint 30-40 at time = 20s)




10.14 Appendix N: LabVIEW First Order System OPC Testing

Example 1: Input Step 20-30 - Raw LabVIEW Data Acquired

Table 14: LabVIEW OPC First Order System Step Test Raw Tabulated Results (Experion vs LabVIEW OPC)

Experion
Simulink PV
Experion MV Simulink MV Response
10/18/2016 6:13:05 PM 40 20 20 40
10/18/2016 6:13:06 PM 40 20 20 40
10/18/2016 6:13:07 PM 40 20 20 40
10/18/2016 6:13:08 PM 40 20 20 40
10/18/2016 6:13:09 PM 40 20 20 40
10/18/2016 6:13:10 PM 40 20 20 40
10/18/2016 6:13:11 PM 40 20 20 40
10/18/2016 6:13:12 PM 40 20 20 40
10/18/2016 6:13:13 PM 40 20 20 40
10/18/2016 6:13:14 PM 40 20 20 40
10/18/2016 6:13:15 PM 40 20 20 40
10/18/2016 6:13:16 PM 40.2 30 30 40.2
10/18/2016 6:13:17 PM 42.07 30 30 42.07
10/18/2016 6:13:18 PM 43.77 30 30 43.77
10/18/2016 6:13:19 PM 45.31 30 30 45.31
10/18/2016 6:13:20 PM 46.7 30 30 46.7
10/18/2016 6:13:21 PM 47.96 30 30 47.96
10/18/2016 6:13:22 PM 49.1 30 30 49.1
10/18/2016 6:13:23 PM 50.13 30 30 50.13
10/18/2016 6:13:24 PM 51.07 30 30 51.07
10/18/2016 6:13:25 PM 51.91 30 30 51.91
10/18/2016 6:13:26 PM 52.68 30 30 52.68
10/18/2016 6:13:27 PM 53.37 30 30 53.37
10/18/2016 6:13:28 PM 54 30 30 54
10/18/2016 6:13:29 PM 54.57 30 30 54.57
10/18/2016 6:13:30 PM 55.08 30 30 55.08
10/18/2016 6:13:31 PM 55.55 30 30 55.55
10/18/2016 6:13:32 PM 55.97 30 30 55.97
10/18/2016 6:13:33 PM 56.35 30 30 56.35
10/18/2016 6:13:34 PM 56.7 30 30 56.7
10/18/2016 6:13:35 PM 57.01 30 30 57.01
10/18/2016 6:13:36 PM 57.29 30 30 57.29
10/18/2016 6:13:37 PM 57.55 30 30 57.55
10/18/2016 6:13:38 PM 57.78 30 30 57.78
10/18/2016 6:13:39 PM 57.99 30 30 57.99
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10/18/2016 6:13:40 PM 58.18 30 30 58.18
10/18/2016 6:13:41 PM 58.35 30 30 58.35
10/18/2016 6:13:42 PM 58.51 30 30 58.51
10/18/2016 6:13:43 PM 58.65 30 30 58.65
10/18/2016 6:13:44 PM 58.78 30 30 58.78
10/18/2016 6:13:45 PM 58.89 30 30 58.89
10/18/2016 6:13:46 PM 59 30 30 59
10/18/2016 6:13:47 PM 59.09 30 30 59.09
10/18/2016 6:13:48 PM 59.18 30 30 59.18
10/18/2016 6:13:49 PM 59.26 30 30 59.26
10/18/2016 6:13:50 PM 59.33 30 30 59.33
10/18/2016 6:13:51 PM 59.39 30 30 59.39
10/18/2016 6:13:52 PM 59.45 30 30 59.45
10/18/2016 6:13:53 PM 59.5 30 30 59.5
10/18/2016 6:13:54 PM 59.55 30 30 59.55
10/18/2016 6:13:55 PM 59.59 30 30 59.59
10/18/2016 6:13:56 PM 59.63 30 30 59.63
10/18/2016 6:13:57 PM 59.67 30 30 59.67
10/18/2016 6:13:58 PM 59.7 30 30 59.7
10/18/2016 6:13:59 PM 59.73 30 30 59.73
10/18/2016 6:14:00 PM 59.75 30 30 59.75
10/18/2016 6:14:01 PM 59.78 30 30 59.78
10/18/2016 6:14:02 PM 59.8 30 30 59.8
10/18/2016 6:14:03 PM 59.82 30 30 59.82
10/18/2016 6:14:04 PM 59.83 30 30 59.83
10/18/2016 6:14:05 PM 59.85 30 30 59.85
10/18/2016 6:14:06 PM 59.86 30 30 59.86
10/18/2016 6:14:07 PM 59.88 30 30 59.88
10/18/2016 6:14:08 PM 59.89 30 30 59.89
10/18/2016 6:14:09 PM 59.9 30 30 59.9
10/18/2016 6:14:10 PM 59.91 30 30 59.91
10/18/2016 6:14:11 PM 59.92 30 30 59.92
10/18/2016 6:14:12 PM 59.92 30 30 59.92
10/18/2016 6:14:13 PM 59.93 30 30 59.93
10/18/2016 6:14:14 PM 59.94 30 30 59.94
10/18/2016 6:14:15 PM 59.94 30 30 59.94
10/18/2016 6:14:16 PM 59.95 30 30 59.95
10/18/2016 6:14:17 PM 59.95 30 30 59.95
10/18/2016 6:14:18 PM 59.96 30 30 59.96
10/18/2016 6:14:19 PM 59.96 30 30 59.96
10/18/2016 6:14:20 PM 59.97 30 30 59.97
10/18/2016 6:14:21 PM 59.97 30 30 59.97
10/18/2016 6:14:22 PM 59.97 30 30 59.97
10/18/2016 6:14:23 PM 59.97 30 30 59.97
10/18/2016 6:14:24 PM 59.98 30 30 59.98
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10/18/2016 6:14:25 PM 59.98 30 30 59.98
10/18/2016 6:14:26 PM 59.98 30 30 59.98
10/18/2016 6:14:27 PM 59.98 30 30 59.98
10/18/2016 6:14:28 PM 59.98 30 30 59.98
10/18/2016 6:14:29 PM 59.99 30 30 59.99
10/18/2016 6:14:30 PM 59.99 30 30 59.99
10/18/2016 6:14:31 PM 59.99 30 30 59.99
10/18/2016 6:14:32 PM 59.99 30 30 59.99
10/18/2016 6:14:33 PM 59.99 30 30 59.99
10/18/2016 6:14:34 PM 59.99 30 30 59.99
10/18/2016 6:14:35 PM 59.99 30 30 59.99
10/18/2016 6:14:36 PM 59.99 30 30 59.99
10/18/2016 6:14:37 PM 59.99 30 30 59.99
10/18/2016 6:14:38 PM 59.99 30 30 59.99
10/18/2016 6:14:39 PM 59.99 30 30 59.99
10/18/2016 6:14:40 PM 60 30 30 60
10/18/2016 6:14:41 PM 60 30 30 60
10/18/2016 6:14:42 PM 60 30 30 60
10/18/2016 6:14:43 PM 60 30 30 60
10/18/2016 6:14:44 PM 60 30 30 60
10/18/2016 6:14:45 PM 60 30 30 60
10/18/2016 6:14:46 PM 60 30 30 60
10/18/2016 6:14:47 PM 60 30 30 60
10/18/2016 6:14:48 PM 60 30 30 60
10/18/2016 6:14:49 PM 60 30 30 60
10/18/2016 6:14:50 PM 60 30 30 60
10/18/2016 6:14:51 PM 60 30 30 60
10/18/2016 6:14:52 PM 60 30 30 60
10/18/2016 6:14:53 PM 60 30 30 60
10/18/2016 6:14:54 PM 60 30 30 60
10/18/2016 6:14:55 PM 60 30 30 60
10/18/2016 6:14:56 PM 60 30 30 60
10/18/2016 6:14:57 PM 60 30 30 60
10/18/2016 6:14:58 PM 60 30 30 60
10/18/2016 6:14:59 PM 60 30 30 60
10/18/2016 6:15:00 PM 60 30 30 60
10/18/2016 6:15:01 PM 60 30 30 60
10/18/2016 6:15:02 PM 60 30 30 60
10/18/2016 6:15:03 PM 60 30 30 60
10/18/2016 6:15:04 PM 60 30 30 60
10/18/2016 6:15:05 PM 60 30 30 60
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10.15 Appendix O: LabVIEW First Order System with PID (OPC) Testing

Test 2 - Setpoint change 60-40 at time = 20s

OPC Testing
LabVIEW PID Controller
SP Change 60-40 at t = 20
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Figure 99: LabVIEW OPC Controller Testing (Setpoint 60-40 at time = 20s)

Test 3 - Setpoint change 40-30 at time = 20s
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----- Setpoint Simulink PV Response

= Simulink MV

Figure 100: LabVIEW OPC Controller Testing (Setpoint 40-30 at time = 20s)
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Test 4 - Setpoint change 30-40 at time = 20s

OPC Testing
LabVIEW PID Controller
SP Change 30-40 at t = 20

= Simulink MV

120.00

50
40 § R ————
S I/
= 30 p========"
>
=) —
10
0
0.00 20.00 40.00 60.00 80.00 100.00
Time (s)
LabVIEW PV Response LabVIEW MV
----- Setpoint Simulink PV Response

Figure 101: LabVIEW OPC Controller Testing (Setpoint 30-40 at time = 20s)
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e Shane Walker (2013)
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¢ Michael Gant (2014)

e Michael D’Uva (2014)

e Sean Dean (2014)
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10.17 Appendix Q: Tutorial HES-1006 Example: First Order System
with PID Control.

V

A 4

Murdoch

UNIVERSITY

Experion2 First Order System with PID

Document Number: HES-1004

Project Name: Honeywell Experion Process Knowledge System for Teaching Purposes
Department: School of Engineering & Information Technology
Focus Area: Industrial Computer Systems Engineering

Product/Process: Honeywell Experion PKS RS430.1

Prepared By:

Document Owner(s) Project/Organization Role

Simon Godfrey Engineering Thesis 2016

Project Status Report Version Control

Version Date Author Change Description
September
1.0 2016 Simon Godfrey Document Created
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Introduction
The purpose of this tutorial is to demonstrate the procedure for implementing and configuring

a Proportional Integral Derivative (PID) controller on a First Order System (FOS), within the
Experion simulation environment. The tutorial will make use of the first order system and
associated excel spreadsheet and HMI from the previous tutorial HES-1006.

Upon completion of this tutorial you will be able to:

e Explain the operation of a PID controller;

e Create and configure a PID block to a first order system;

e Test and monitor a PID controller via Experion Monitoring Project Tree, Microsoft
Excel and Station HMI.

Proportional Integral Derivative (PID) Controller
A PID controller is an algorithm which calculates the error between a desired setpoint and the

current process output. The algorithm is designed to minimise this error by way of changes to
the process’ manipulated variable, to achieve the desired process setpoint.

Prerequisites
This tutorial assumes basic knowledge of a first order process and conventional feedback

control methods. This tutorial also assumes the completion of tutorials listed in the
prerequisites. Should you be unsure of any steps, return to appropriate tutorials.

e Security level of ENGR or higher;

e Server(s) have been created and configured to the Experion2 system;

e Completion of tutorials:

Tutorials included in HES-0000 (Initial Setup and Configuration);
HES-1001 (Creating a Simulated C300 Controller);

HES-1003 (Example Mathematical Function);

HES-1004 (Example Logic Function);

Tutorials included in HES-2000 (Human Machine Interface);
HES-1005 (Example Modelling and First Order System).

o O O O O

Additional Resources and Troubleshooting
1. Control Building Users Guide EDPOC-XX19 en 430

2. C300 Controller Users Guide EPDOC-XX11 en 430

3. SIM C300 Users Guide EPDOC-X133 en 430

4. Control Builder Components Reference EPDOC-XX15 en 430

5. Control Builder Components Theory EPDOC-XX16 en 430
Procedures

Procedure 1: Program CM and Monitor Dynamically with Experion
Procedure 2: Read/Write values with Microsoft Excel (MEDE)
Procedure 3: Read/Write Values with Experion HMI (Station)
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Procedure 1:

Program CM and Monitor Dynamically with

Experion
4 Step Action

1 Create and Assign a Control Module (CM) for FOS to your Simulated Controller
(See Tutorial HES-1002).
For this example, a copy of the first order system CM (Z_FOS - Tutorial HES-
1006) was made and renamed Z_FOSPID.
It is intended for this CM to contain both the FOS coding as well as the PID
controller. The PID can also be built in a separate CM with appropriate links
(Param Connectors) between CM function blocks.

2 Open the new CM with the first order system program.

T e NUMERICARRAYA
3 Navigate to and insert a PID Block into your CM

Function Block Library > REGCTL > PID

Library - Containment ____BBJ
[+l @ QIMPACT Al
[+]gH RAIL_IO

[+ g RAILIO_HAZ

-] 82 {REGCTL

AUTOMAN

ENHREGCALD

FANOUT J
OVRDSEL

PID

PID-FL

PIDER -

ool Lo

“ Library
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By default, the PID block contains:
- 2xInputs
o Setpoint (SP)
o Process Variable (PV)
- 1xOutput
o Operating Point (OP) [MV

=
= |m
-’.le

il RESCTLRE |
PIDA
sp
0| NORMMODE NOME
NORMMODEATTR NOME
CTLEQM EQa,
b V.

[+ =]
o

The operation of a PID involves the calculation of error in output (PV) and

makes adjustments to the process input (MV) to minimise this error. This
means:

- The output (PV) of the FOS will need to be fed into the input PV of the
PID block

- The output (OP) of the PID block will become the input to the Process
(MV or U)

- Asetpoint input to the PID block will need to be configured

RS (TR |(UnTeRsERE) | Replaced with
DELTA_T K Y output (OP)
of PID

HE

HE HE

Fed into PID PV

Al
Pz

Pt I
NUMERICARRAYA |-
NNUMERIC 4

TLTNIERC)
TAU £
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The output from the Numericarray PV block can simply be wired to the input
PV of the PID block.

Alternatively, making use of the Param Connector EI keeps the code tidy and
must be used if containing the PID block within a different CM.

Upon selecting your point parameter and clicking OK the Param Connector
accesses data from the specified point parameter.

[ Z CM FOSFID.MUMERICARRAY A P2 ]
A E
“' REGCTLFID )
PIDA
P
3El| HNCORMMODE HNOMNE
MNORMMODEATTR MNOMNE
CTLEQN EQA
\ J
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Now the output of the PID (OP) needs to be wired to the input of the FOS.
This can be simply wired together or connected by way of a Param Connector
(as indicated in Step 6).

UTILITY:NUMERIC UTILITY:NUMERIC
DELTA_T K

Z CM FOSPID.PIDA.OP ]

MATHMUL

MULA |

MATHADD

ADDA |

Note: In the example above, the output of the PID was fetched using a Param
Connector.

Once all wired together the Execution Order must be defined to ensure correct
operation of the CM. The following order was selected for the example
Z_CM_FOSPID:

10 | DELTA_T 70 | MULA

20 | K 80 | MULA_ 1

30 | U 90 | ADDA

40 | TAU 100 | DIVA

50 | ADDA_1 110 | PV

60 | PIDA 120 | NUMERICARRAY

Execution order must be selected to ensure all mathematical operations can be
completed.

Ensure the Numeric array block has initialised values (Outlined in Tutorial HES-
1005)

Enter the PID block Properties (Double-click PID block).
Under the Main tab, provide a unique name and description for the block.

REGLCTL:PID Block, PIDA - Parameters [Project]

Configuration Parameters I k anitaring Parar
b ain &lgorithm I SetPaint I Output

I amne: P10 A

Dezcription: # IFEIS FID block,

Engineering Units: # I

10

Within the Algorithm tab of the PID block Properties, set the controller to
Linear Gain and select a value.
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Set a value for the Integral and Derivative time if desired.

REGCTL:PID Block, PIDA - Parameters [Project] 21
Configuratinn Parameters I ronitoring Parameters | Block Preferences I Template Defining | Insertion I
Main Algarithm SetPoint I Output | Alarms I SCM I |dentification | Dependencies | Black Ping
i Linear Gain
Contral Equation Type: 04
ontral Equation Type: EQA - LN
Control Aciore ¢ DIRECT & REVERSE Owerall Gain: I1
[ Integral Time ~ Other Gain Options
T1 [mirutes]: Ig_g Linear Gain Factor:
T1 High Lirnit [minutes) |144D T GAP
T1 Low Lirnit [minutes]: ID— Gap High Lirmit: l—
r~ Derivative Time Gap Low Limit:
T2 [minutes]: ID Gap Gain Factor:
T2 High Limit [minutes] |1 440 £ NONLIN
T2 Low Limit [minutes]: ID Rl Loty (R l—
i~ Gain Limits Mon Linear Gain Factor:
High Gain Limit: |24D fallatl
Low Gain Limi: ID External Gain Factor:
™ Legacy gap
P-only [EqnE] Units Option EUs j
[ Show Parameter Names gk I Cancel | Help

Note: For further information on the PID block including the difference in
equations refer to the Control Builder Components Reference and Theory
documents. (See Additional Resources)

11

Enter the SetPoint tab of the PID block Properties and select a default setpoint

value.

Canfiguration Parameters
b air I Algorithrn

SP:

| M onitaring Parameters

SetPoint Output

—

Input Range
High Lirik:

Lo Lirmit:

o

Alarms

REGCTL:PID Block, PIDA - Parameters [Project]

Block Preferences I
| scM | Ident

[~ Enable Advizory 5P Processing

Advizom 5P W alue:

—

[~ Enable P¥ Tracking
[~ Enable P¥ Tracking in &uto/Init

From the same tab is it also possible to set input saturation limits.
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12 Enter the Output tab and set output limits of the PID.

REGCTL:PID Block, PIDA - Parameters [Project] [ 2]
Configuration Paramaters | Monitoring Paramaters | Block Preferences | Template Defining | Insettion |
Main | Sgoithm | SetPoin: Oulput | Mams | SCM | ldentiication | Dependencies | Block Pins
(- Dutput Limits Contral Variable
High Limit [%): CVEU Range Hi 0

Lo Limit [%). CVEL Range Low:

Extended High Limit (%)

Extended Low Limit (%)
Fiate of Change Limit [%): Output Bias:

Minimum Change (%) Dulput Bias Rale

1E T

Safe OP (%] B

1T

0P Talerance Limit (3]

Output Indication IDirecl vl

I~ Show Parameter Hames aK I Cancel Help

13 Save and Close the CM

14 Load the CM to the simulated Controller.

15 From the Project Monitoring tab, it is now possible to monitor the output of
the system based on changes to the Setpoint and process parameters.

££ DurC300 : 2_CM_FOSPID [Monitoring, Execution Status = ACTIVEJ[SIM]

[ E—
)

WD Ul 18I0 uonnoais

Z CM FOSPDPDACR

AT ZAT

( 7 CM FOSPIDPVAY

-
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Procedure 2: Read/Write values with Microsoft Excel (MEDE)

This tutorial assumes prior experience with Microsoft Excel Data Exchange. The program builds
upon the excel program developed for the monitoring of the FOS created in Tutorial HES-1006

v

Step

Action

1

Open Microsoft Excel and ensure the MSEDE Add-in has been installed.

Open the previously developed Excel program for the FOS (FOS with PID)

&9 |= FOS - Experion model (Z.CM_FOS)_Simon - Microsoft Excel (=] [t
Home  Inset  Pagelaout  Formulas Deta  Review  View  AspenDatasheet  AspenASW | Adddns c@o@ B
Microsoft Excel Data Exchange * 51 [] About
Menu Commands Custom Toolbars
M1 - b3 v
A E F G H 1 K L M N o P [* R S T ;
II FOS (DEVELOPED IN EXPERION) . I
2 | SIMON GODFREY
3 30/08/2016
4| SERVER: EXPERION2
5 CONTROLMODULE: Z_CM_FOS
5 PROCESS PARAMETERS
7 HISTORICAL VALUES [pROCESS GAIN | B|
s TIME PV INVERTED _|U INVERTED TIME PPV PV i T o3|
s 0 0| 20 1 0| 20| [av! | 20]
10 1 m 2 2 0] 20|
1 2 40| 20| 3 40| 20|
12 3 M 20 4 20| 20| FIRST ORDER SYSTEM 4
1 4 ) 20 s 0] I
7 5 m 20 5 0 20|
15 3 40| 20| 7 20| 20| so
1 7 ) 2 0 0 w0 |,
7 5 m 20 s a0 20|
) 0 m 2 10 0] 0| |
13 10 40| 20| n 40| 20|
20 1 40| 20| 12 40| 20| &
2 1 ) 20 1 0] 2| | s —
2 13 m 20 18 0 20| —w
B 14 40| 20| 15 20| 20| e
% 15 ) 2 16 0 0| | 5 U
] 15 m 20 17 a0 20|
26 17 40| 20| 18 40| 20| 0
27 18 40| 20| 13 40| 20| 10
) 18 ) 20 2 20 20|
) 2 ) 20 N 0] 20) o
) N m 0 2 =0 20| o s 1 s 20 s 2 o3 0 s s
£ 2 m 20 3 20 20|
0 E) ) 2 % 0 2|
3 2 m 20 > a0 20| PROCESS PARAMETERS SENT
u 3 m 2 % 0] 20| [CURRENT GAIN: 3]
35 26 40| 20| 27 40| 20| |CURRENT TAU: 0.899959976
3 7 ) 20 5 20 20| [cuRRENT PV m
7 2 ) 20 2 0] 20) [cURRENT MV: 20
38 29 40| 20| 30 40| 20| ud
W 4> | Sheetl Sheet? . Sheet3 3 4T ] 30}
Ready | |EDm sse (=) 0 ()

Add additional columns for SP to both of the tables:
- Historical Values from the server
- Inverted values for graph

Using the Wizard (or formula), acquire the fast history snapshots of the SP from
the new CM (Z_CM_FOSPID)

Alter the formulas of each of the historical columns to display:
- Setpoint (PIDA.SP)
- Manipulated Vairable (PIDA.OP)
- Process Variable (PV.PV)

{=GetHistValArray_Offset(1,"EXPERION2","Z_CM_FOSPID","PIDA.SP","H5SF",
1'50'IIVII'IIII)}

{=GetHistValArray_Offset(1,"experion2","Z_CM_FOSPID","PIDA.OP","H5SF",1
’50’IIVII’II Il)}

{=GetHistValArray_Offset(1,"experion2","Z2_CM_FOSPID","PV.PV","H5SF",1,5
0’"V"’" Il)
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Alter the formulas where new process parameters are being sent to the server.

PROCESS PARAMETERS SENT
CURRENT GAIN: 2
CURRENT TAU: 0.899999976
CURRENT PV: 25.01802882
CURRENT 5P: 30

Note: Difficulties were experienced trying to directly send setpoint values to the
PID block. This can be overcome by setting the PID block mode or CAS
(Cascade) and feeding a numeric to the PID’s SP input pin. It is then possible to
send numerical values via excel to the Numeric block.

Add the Setpoint data to the plot.

Upon setting the re-calculation interval of MSEDE to 1s, it is now possible to
dynamically change the process parameters and view a rolling graph of the
process response.

FIRST ORDER SYSTEM WITH PID

100

90

80
70 I~

. \
\ R
50 e

—

40

\

P

—
N

] 5 10 15 20 25 30 35 40 45 50

20

Note: The above controller was tuned with the following parameters:
Controller Gain: 2.4
Integral Time: 0.08

See the following page for a full screen view of the Excel Spreadsheet.
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X4 -
A £ F G ] 1 K L M N 0 P aQ R 5 T u v
FOS WITH PID
SIMON GODFREY
30/08/2016
SERVER: EXPERION2
CONTROL MODULE:  Z_CM_FOSPID
PROCESS PARAMETERS
INVERTED VALU 5 FOR GRAPH HISTORICAL VALUES FROM SERVER PROCESS GAIN 2
TIME PV INVERTED | MV INVERTED | SPINVERTED TIME PV PV, PIDA.OP PIDA.SP TAU 20
0 29.94016075 15.2682724] 30 1 296002884 24.89312742 50 P 50
1 29.95085548 15 23003561 50 2 49 5984879 2474479856, 50
2 3161678695, 70.69674683 50 3 49604557 24.57539749 50
3 3429701936, 69 80986023 50 2 29 6197624 2438464737 50 FIRST ORDER SYSTEM WITH PID
4 36.84782791 £8.27500153 50 5 296454163 24.17265129 50 .
5 3924422073 66.2170639] 50 6 49 6828384 23.93997002 50
5 41.46769333 £3.75108337) 50 7 297333603 23.68767929 50 20
7 4350554275, 60.9817543 50 8 497982674 23.41744595 50 0
8 453502388 58.00318146, 50 ) 298787842 23.13161087) 50
) 2699873734 54 89884567 50 10 299760361 2283322122 50 70
10 4845189285 51.7417984] 50 11 50.0910034] 2252614021 50 ‘ /
11 2971382141 28594944, 50 12 50.7244835 22 21508408 50 & ﬁ R
12 50.7913475 4551150131 50 13 50.377037] 2190568733 50 50 1 — -
13 5163348145 22 53555298 50 14 505489273 21 6045475 50 _ > M
12 52.43092345, 39.70264435 50 15 50.7400818| 2131025062, 50 “a s
15 53015625 37.04047354, 50 16 50.950015) 2105844307 50 0
15 53.46039581 34.56058389) 50 17 51.1777802] 2083174133 50 _
17 5377854538 32 30410385 50 18 51.4218864] 20.64980858 50 2 17
18 53.98358152 30.25245285 50 19 516802635 20.52428055 50 "
13 54.0889473 28 41806982, 50 20 51.9501685) 2045768761 50
20 54,10778809 26.80010414) 50 21 52.2281494] 20.49338722 50| 0
21 5405277252 25 39406967 50 2 52 5099715, 2061541367 50 o 5 115 0 25 30 33 @0 45 50
2 53.93594742) 24.19247818 50 23 52.7905807] 20.84832191 50
23 5376862717 2318542099 50 2 53.064045 21 20698547 50
2 53.56128693 22.36110687 50 25 53.3235321 217063427 50 PROCESS PARAMETERS SENT
25 533235321 217063427 50 % 53 5612869 22 36110687 50 CURRENT GAIN: 2
2% 53.06404495 21.20698547) 50 27 53.7686272] 23.18542099 50 CURRENT TAU: 20
27 52 79058075 2084832151 50 28 539359474 2419247818 50 CURRENT PV- 49 60028666,
28 52.50997162) 20.61541367) 50 29 54.0527725 25.39406967 50 CURRENT SP: 50
29 5222814941 2049338722 50 30 54,1077881 26.80010414 50
30 5195016861 20.46768761 50 31 54.0889473 28.41806982 50
31 5168026352 20.52428055 50 32 53.9835815 30.25245285 50
32 5142188628 20.64980888 50 33 53.7785454] 32.30410385 50
33 5117778015 2083174133 50 34 53.4603958| 34.56958389 50
3 50.95001602 21.05844307 50 35 53.015625 37.04047392 50
35 50.74008173) 2131925964 50 36 52.4309235 39.70264435 50
35 50.54892731 216045475 50 37 51.6934814) 4253555298 50
37 50.37703705 21.90568733 50 38 50.7913475 4551150131 50
33 50.22448349 22.21508408 50 39 497138214 48.502924] 50
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Procedure 3: Read/Write Values with Experion HMI (Station)

This tutorial assumes prior experience with HMIWeb Display Builder. The program builds upon
the HMI developed for the monitoring of the FOS created in Tutorial HES-1006

v Step Action
1 Open HMIWeb Display Builder and open the HMI developed from Tutorial HES-
1006 (Z_FOS)
2 Save the display with a new unique name for future changes (Z_FOSPID)
3 Alter the point parameters for each of the Process Parameters as well as the
Tank level Indicator ensuring the correct CM (Z_CM_FOSPID) is used:
- Gain (K.PV)
- Tau (TAU.PV)
- Tank Level Indicator (PV.PV)
- Tank Level Alphanumeric (PV.PV)
4 Using various shapes and techniques outlined in previous Tutorials, develop:

Flow Controller

- SP (Setpoint) Text box

- SP (Setpoint) Alphanumeric
Electrical Lines

Pump
- Alter the text box of the pump to OP (Operating Point)

— ¢

Tank Level
Indicator

OE

50.00
Process Parameters
GAIN 2.00

TAU  20.00 ch
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Setpoint Alphanumeric

Enter the Properties and set the Point Parameters under the Data tab.

& alpha003 Properties

General | Behaviors

a i Detals .-’-‘-.nimationl ShnltcutMenuI CDIDISI |4 I ’I

Type of databaze link: lPoint / Parameter

M

— Databasze link —
Paint:
[z_cm_FospPiD Rag-Y
Parameter:
[PIDASP |
Include in copy/paste:
IInherit from point type j

Parameter indesx:

ID IND indesxing

=

|pdate rate: IDefauIt "I

[~ Allow fast update

¥ Dataentry alowed

Security level: IDperatnr 'I

Note: Ensure you have ticked the Data entry allowed checkbox to allow the
setpoint to be altered from the HMI.

Pump Operating Point Alphanumeric
Enter the Properties and set the Point Parameters under the Data tab.

i alphaD0D2 Properties

"General | Behaviors  Data |Detail$| Animationl Shartcut Menul D:Iorsl |4 I 'I

Type of databaze link: lPoint / Parameter

M

~Databaze link

Paint:

[z_cm_FosPiD Rag-Y
Parameter:

[FIDA.OP |
|hciude in coppdpaste:

Ilnhelit fram paint tepe j

Parameter index:

IU INu:u indexing

=~

Update rate; IDefauIt 'I

[ Allow fast update

™ Data enty allowed

Senunitylevel IDperatnr 'I
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7 Trend

Alter the Plots included in the trend to include:
- Process Variable (PV.PV)
- Manipulated Variable - PID Operating Point (PIDA.OP)
- Setpoint (PIDA.SP)

B trend001 Propetties

"Gereral  Flots |F'eriod| Wiew I ShortcutMenuI Fants I Eolnrsl

| Fen | | Faint | FParameter | Low Scalel High Scalel -
Z_CM_FOSPID  pv.pv

Z_CM_FOSPID  PIDAOP
Z_CM_FOSPID  PIDASP

L= B ) [ R I S )
IHEEEEE
o o oo oo
[ e T o T o T o T o T o |

— Range information

™ Single scale mode Y auis min: IU
' awis ma: IEI

Note: Ensure that Setpoint (PIDA.SP) has been included in the Server History of
the CM.

8 Group any objects together and Save the display (Take note of the display page
name). Ensure the save location is accessible via Station. See Tutorial HES-
4001 for configuring the connection properties of Station with created HMI’s.

9 It is now possible to monitor and control the process via the display page in
Station.

30.18 Tank Level
op [0 ] l

G0000FM

Pen | |Pontm Parameter  Description by iy Currert =
LMFOFID g
TCMFOFID  PIDAOP  ExanpleFrst 000 1m0.00 D%
2MPOPID | PIDASE

60.01
Process Parameters

GAN 200
TAU 2000 ch
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10.18 Appendix R: Tutorial HES-5007 OPC Data Exchange using

LabVIEW

HF

4

Murdoch

UNIVERSITY

Experion2 OPC LabVIEW Configuration and Testing

Document Number: HES-5006

Project Name: Honeywell Experion Process Knowledge System for Teaching Purposes
Department: School of Engineering & Information Technology
Focus Area: Industrial Computer Systems Engineering

Product/Process: Honeywell Experion PKS RS430.1

Prepared By

Document Owner(s)

Project/Organization Role

Simon Godfrey

Engineering Thesis — Semester 2 - 2016

Project Status Report Version

Version Date Author

Change Description

1.0 October 2016 | Simon Godfrey

Document Created
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Introduction
The purpose of this tutorial is to demonstrate the procedure for using National Instruments’

LabVIEW software application to access Experion server data via OPC. Upon completion of this
tutorial, you will be able to:

o C(Create a server connection to Experion2;
e Monitor and control point parameters on the Experion server;
e Implement a simple feedback PID control strategy.

LabVIEW
Laboratory Virtual Instrument Engineering Workbench (LabVIEW) is an integrated

development environment utilising a graphical programming language for the creation of
measurement and control systems. LabVIEW offers an open architecture enabling the
interoperability with other software platforms and hardware devices. This interoperability of
software platforms includes data exchange between Experion and LabVIEW via OPC
communication.

For the effective monitoring and control of Experion server items, a real-time Shared Variable
Engine (SVE) was created. The SVE allows provides the ability the bind shared variables to I/O
servers, such as the OPC server.

Prerequisites
e Security level of ENGR or higher
e Server(s) have been created and configured to the Experion2 system.
e Completion of tutorials contained within:

HES-0000

HES-1000

HES-2000

HES-3000

HES-4000

O O O O

Additional Resources and Troubleshooting
1. OPCClient Interface Reference EPDOC-XX78 en 430

2. OPC Gateway for ACE Interface Reference EPDOC-XX79 en 430
3. LabVIEW online help documentation.
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Procedure

v Step

Action

1

Open LabVIEW

Start > All Programs > National Instruments > LabVIEW 32-bit
Note: You must use LabVIEW 32-bit (Not 64-bit).

Create a blank Project

¥ LabVEW

File Operate Tools Help

E2LabVIEW

. Create Project

. Open Existing

Recent Project Templates

| Al Recent Fiies - |

Blank Project

OPC Project Ivproj

oL

Open This First Ivproj

EAAA_THESIS\HES 6006 Adina_2012\Frograms'OFC Froject |
OPC UA Demo Ivproj

Simple Shared Variable and Evert: Monitor vproj

Database Direct Wrte Demo Ivproj

. Fxnetion Nev\Exmetian P sz

[

% Find Drivers and Add-ons

Connect to devices and expand the
functionaity of LabVIEW

) Community and Support

Participate in the discussion forums or
request technical support

{2 Welcome to LabVIEW

Leam to use LabVIEW and upgrade
from previous versions.

| E) LabVIEW News |

This will open a new window.

Create an OPC I/O Server by right-clicking My Computer and selecting

New > 1/O Server

Untitled Project 1 * - Project Explorer
File Edit View Project Operate Tools Window Help
= B
[‘hesel| « RN .
Itermns | Files |
Project Items Paths
= [l Project: Untitled Project 1
© ¥ I ET—
or Simulation Subsystem
B Export
= pe > Virtual Folder
Import 2
Trace Execution... Control
Libi
Add yooo
Variable
Class
Deplo
Py Actor
Find Project Items... XControl
Arrange By b Statechar?
Expand All Web Service
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4 Select OPC Client and click Continue

3 Create New /O Server g
I/O Server Type
Alarm Printer &

Custom VI - On Input Change
Custom VI - Periodic

Data Set Marking

EPICS Client

EPICS Server

Modbus

Modbus Slave

Description

Communicate with OPC (OLE for Process
Control) Servers.

[Continue...] [ Cancel ] [ Help ]

This will open a new window for configuring the Client I/O OPC server.

5 Enter Experion2 into the Machine and then select the appropriate OPC server.
r kR
3 Configure OPC Client I/O Server M

Settings | Advanced | Diagnostics |
Update rate (ms)

Browse Machine E| 1000

Machine Deadband (%)
Registered OPC servers Reconnect poll rate (s)

Hci.spsdss - 120

HWHsc.OPCServer2

HWH=c.OPCServer3

HWHzc.OPCServerd

HWHsc.OPCServerd

Prog ID

HWHsc.OPCServer

[ ok || Cancel | [ Help
b
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The 1/0 Server is now present within the project tree.

_
Untitled Project 1 * - Project Explorer E=REE

File Edit View Project Operate Tools Window Help

[EY=1- 1" e b | @~ ] % Al

Items | Files |

Project tems Paths
= [l Project: Untitled Project 1

= )
= Untitled Library 1

.+ @ oPCl
';-E' Dependencies
‘E Build Specifications

It is now possible to create Bound Variables from the Experion Server for
monitoring and control.

Right-click the OPC I/O Server and select Create Bound Variables

£33 Untitled Project 1 * - Project Explorer

File Edit View Project Operate Tools Window Help

[MSe| % B0 X||[ak | R-& o6 o

Items | Files

Project Items Paths

= Bl Project: Untitled Project 1
2 B My Computer
= [ 2 Untitled Library 1

WView I/0 Items

- s Build Create Bound Variables...

Rernowve From Library

Rename... F2

Properties

This will open a new window.
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It is now possible to navigate through to the appropriate item (point
parameters) you wish to monitor/control.

3 Create Bound Variables u
Browse Source Added variables
Project Items |Z| Add == -
B-E_g. Project: Untitled Project1 - Add range >>
=i My Computer
E"E; Untitled Library 1 [7] Custom-base name
Ely® OPCL
By ACTIVITIES Variable
1 ALARM GROUPS
d]- ASSETS
- NETWORK (] Copy properties from
7 NIOPC Client Star -
F7 SYSTEM COMPOI
Browse...
4 m b << Remove 4 I b

[ ok | [ camcel | [ Help

Once you have navigated to your item, select the item and click Add >>
followed by OK.

For the example below, the item PV.PV from the Control Module Z_CM_FOS
was monitored.

ASSETS > SIM_ASSET_ITEM > ZZZ_SIMON_ITEM > Z_CM_FOS > PV.PV

{3} Create Bound Variables u

Browse Source Added variables

Project ems = [ revee 1 2

------- ProfileListPropagate » Add range » >
------- PV.ACCLOCK
------- PV.DESC [T] Custom-base name
------- PV.ORDERINCIM
VPV = Variable
------- PV.PVFORMAT
------- PV.PVHILM
....... PV.PVLOLM = Copy properties from

------- QUALSTATE
------- QUEUEFULLFL
------- QUEUESIZE -
------- RELOADINIDLY
------- REQORDER

------- SCALEPERIOD

Browse...

-« I | 3 << Remove ] 4 m 3
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10 The newly created bound variable will now be visible in the Project’s variable
library
% Untitled Project 1 * - Project Explorer [E=EEE
File Edit View Project Operate Tools Window Help
EECITEEREIE R L R R
Items | Files |
Project Items Paths
Dependencies
& Build Specifications
This variable can now be accessed within a LabVIEW VI by way of a Shared
Variable node.
11 Create a new VI by right-clicking the My Computer and selecting New > VI

3% Untitled Project 1 * - Project Explorer

File Edit Wiew Project Operate Tools Window Help

EY=1: I || - ol % & ||

Items | Files

Project Itermns Paths

E- E. Project: Untitled Project 1

E} epor Si.mulation subsystem
Virtual Folder

Import

E'EIEI Trace Execution... Control

This will open 2 new windows.
- 1 xBlock Diagram
- 1xFront Panel
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12

Within the Block Diagram create a Timed Loop and a Shared Variable.

421 Functions Q 5earch]

Programming r

D" | B
o 21 Structures
s

il '"lﬂl
Y

Meas. w—‘
|.=!:!Z o]

e E.E"

Connectivity »

Control & Simulation L

13

The Timed loop will default to executing every 1000ms (keep these settings)

Select the appropriate Shared Variable from the icon.

ms
et | | — B[ Error ¥
S || LT e = v
b3z 000 ]
2 ]

S

172




14

Create a Waveform Chart in the Front Panel Window.

Navigate to the Wavechart.

Controls q Search
Maodern L

- » . M obe r »

Jz'f:éé Qo 1

e 12 E"E,}'
]

Graph

Silver
Systermn

Classic

Express

MET & Activ

Select a Cont

Robotics

Set the Y-axis and X-axis limits appropiately.

Waveform Chart
100 -
a0 -
80-
T0-
60—
50-
40-
30-
0-
10-

0-
0

Amplitude

Time

I |

173




15

Wire the Shared Variable to the Waveform chart in the Block Diagram window

ms
L‘ Error ¥ T | MEror »

b dt: [1000
vz, [100
bz#l.z—

Waveform Chart

1 L H] DZ_ﬁJ

stop

It is now possible to run the simulation and view the output of the item on the
chart in real time.

Waveform Chart PV.PV m I 40,00

100 -
q0-
a0-
T0-
60—
50-
40 -
30-
20-
10-

0] ]
52 172

Amplitude
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16

Following the same procedure for adding a Shared Variable, we can add a
second varibale for controlling the input (U.PV) to the First Order System

contained within the Experion Control Module.

Waveform Chart

stop

Note: To change the Shared Varable to a Write Block, Right-Click the block and

alter the access mode as shown below.

_ ms
v [1 kHz - WError
v dt (1000 Errgr ¥ b7 _—|_v 1 7
piz (00 ]
. a0

N

Bavr® |

S Visible tems 8

Help

CHAMpIES

Description and Tig...

Breakpoint 3
Structures Palette
[—
Replace
Change To 3

Show Variable In Project

Replace with Programmatic Access

Tirnestamp

T ' b
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17

The results of a change in input to the first order system are shown

STEP INPUT 20 - 35

below.

Waveform Chart

Amplitude

pv.rv RN | 70.00
upv ERM | 300

STEP INPUT 35 - 20

stop

Waveform Chart

Amplitude

pv.ev RN | 4000

20,00
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18

It is also now possible to add a variety of control strategies to the system.
As an example, a conventional feedback PID controller is displayed below.

ms
Corl] bz | [ WError
ot | pr =0
b3z
P2 Waveform Chart
] L ]
output range " & N
setpoint
fizapy stop
T
LrrLd
|0 1
SP Change 40 - 60
PV.PV B | 6000
Controller Action - 30.00
Waveform Chart M 50.00
setpoint
/6000
PID gains

proportional gain (Kc) : 1.000

integral time (Ti, min) + 0167

derivative time (Td, min) - /{0,000

i
stop 67 187

Time

SP Change 60 > 40

PV.PY m 40.00

Controller Action [ | 20.00

Waveform Chart S B | w0
setpoint
4000
PID gains
proportional gain (Kc) -#1.000

integral time (Ti, min) {0,167
~Jo.000

Amplitude

derivative time (Td, min)

stop
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10.19 Appendix S: Documentation Testing - Michael Crooke Control
Modules and HMI

Mathematical Example

UTILITY:NUMERIC UTILITY:NUMERIC
Input_2 Input_1
>|o = w
ol o
e T —
MATH:MUL UTILITY:-NUMERIC
IM[1] ouT BV
[ o MULA = —# Result_Mult
IM[Z]
¢ e -
Ve TrE— T —
MATH:DIN UTILITY:NUMERIC
IN[1] ouT PV A
[ ] 3 DIVA - = Result_Div
IN[2]
L 4 3
A |
e T —
MATH:ADD UTILITY:-NUMERIC
IN[1] ouT =
[ ] 5 ADDA |- =7 Result_Add
IM[Z]
¢ e -
P ETE— T —
MATH:SUB UTILITY:-NUMERIC
IN[1] ouT PV
. = SUBA = m Result_Sub
] m L
N IM[2]
e -

Figure 102: Michael Crooke Example Mathematical Control Module

Mathematical Control Module Example
Michael Crooke

18 October 2016

Change Values Here Results

Input 1 5.00 Multiply 50.00

Input 2 10.00 Divide 0.50
Add 15.00

Subtract -5.00

Figure 103: Michael Crooke Example Mathematical HMI

178



Boolean Logic Example

UTILITY-FLAZ LUTILITY-FLAZ
Logic_Input1 Logic_input2
MORMAL MOME MORMAL MOME

FYFL
OFF
FUFL
OFF

. LOGIC:XOR
IN[1L XORA ouT

NORMAL

UTILITY-FLAG
Or_Result

NCONE

NORMAL

UTILTYFLAG
And_result

NOMNE

PFL

OFF OFF
2]
aFF

s
OFF|

NORMAL

UTILTYFLAG
Xor_result

NONE

MORMAL

Figure 104: Michael Crooke Example Boolean Control Module

UTILITY-FLAG

FLAGA

NONE

Michael Crooke

18 October 2016

Mathematical Control Module Example

Change Values Here Results
Input 1 5.00 Multiply 50.00
Input 2 10.00 Divide 0.50
Add 15.00
Subtract -5.00

Figure 105: Michael Crooke Example Boolean HMI
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