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ABSTRACT

In recent years, industrial plant maintenance has changed dramatically. These changes are
due to a considerable increase in the number and variety of physical plant assets, increased
design complexity, new maintenance techniques and changing perspectives regarding on how
to perform maintenance effectively. Managers at modern process plants are becoming
increasingly aware of the extent to which equipment failure affects safety and the

environment.

Process plant personnel are limited in their ability to accurately and consistently evaluate the
health of plant assets. Due to poor record keeping, maintenance staff often has little defence
against aging equipment and asset failures. As a result companies have undertaken to
implement planned equipment maintenance schedules and install new technology to allow for
efficient tracking and analysing of equipment health across the board.

The introduction of an integrated asset management solution is presented in this thesis. The
integrated asset management solution will assist maintenance staff to cost-effectively predict
the probability of asset failure prior to the occurrence of any actual plant incidents. The
integrated solution documented in this thesis will be implemented at the Sasol Solvents site to

enhance plant availability, maximum up time for all plant assets and plant safety.

Strategic Asset Management Inc. (SAMI) uses the Operational Reliability Maturity
Continuum model to improve profitability, efficiency and equipment reliability. The SAMI
empirical model employs various stages to address improved performance and asset
management and was used as a guideline to develop an integrated solution to optimise plant

performance and profits.

The integrated asset management solution, documented in this thesis, was developed with the

intended function of bringing information from diverse plant based systems and field



equipment to the maintenance personnel in an understandable interface so that the information

can be used to improve the reliability and availability of all plant assets.

Vi



TABLE OF CONTENTS

CHAPTER 1 INTRODUCTION AND PURPOSE OF THE STUDY

1.1
1.2
1.2.1
1.2.2
1.3
1.4
1.5
151
1.5.2
153
154
1.6
16.1
1.6.2
1.7
1.8
1.9

INTRODUCTION

OBJECTIVE OF THE STUDY
Background

The SAMI model

PROBLEM STATEMENT

AIM OF THE STUDY

RESEARCH METHODOLOGY
Literature study

Action research

Interface development

Global interface development

THE CONTRIBUTION OF THE STUDY
Integrated plant systems solution
Contributions of this research project
LIMITATIONS

TERM CLARIFICATION
CHAPTER LAYOUT

CHAPTER 2 LITERATURE STUDY

2.1
2.2
2.2.1
2.3
23.1

INTRODUCTION

LEVEL 0 - FIELD INSTRUMENTATION
HART-enabled field devices

LEVEL 1 - PROCESS CONTROL

C200 Controllers

vii

Page

© ©O© b~ W W Pk

10
10
11
11
12
12
12
14
15
15
17

18

18
19
19
20
20



2.3.2
2.4

24.1
2.4.2
2.4.3
2.5

2.5.1
2.5.2
2.5.3
2.5.4
2.6

2.6.1
2.6.2

Fail Safe Control systems (FSC)

LEVEL 2 - SUPERVISORY CONTROL
Distributed Control Systems (DCS)
Uniformance Plant Historian Database (PHD)
PlantScape Stations

LEVEL 3 - ADVANCED CONTROL

Domain controller and backup domain controller
NW_Mon Server

Real Time Data Collector (RTDC)

Upload Server (SSBACAM)

LEVEL 4 — BUSINESS INFORMATION NETWORK
Uniformance PHD Shadow Server

Asset Manager Server

2.6.2.1 AlertManager
2.6.2.2 ExperionScout
2.6.2.3 APCScout

2.6.2.4 DataScout

2.6.2.5 Asset Builder
2.6.2.6 Diagnostic Builder
2.6.2.7 Tree Builder

2.7
2.7.1
2.7.2
2.7.3
2.8
2.9
2.10
2.11
2.12
2.13

AMS DEVICE MANAGER

Multiplexer networks

AlertMonitor

AMS ValveLink® SNAP-ON application

OPC SERVER

FIELD DEVICE MANAGER

EXPERION™ PKS R201

ENTERPRISE BUILDING INTEGRATOR (EBI)
FIELDCARE™

VIRTUALIZATION

viii

21
22
22
24
25
26
26
27
27
28
29
29
30
31
31
32
33
34
35
36
36
37
39
40
40
40
41
41
42
43



2.14

CONCLUSION

CHAPTER 3 RESEARCH METHODOLOGY AND DESIGN

3.1
3.2
3.3
3.4

34.1
3.4.2
3.4.3
34.4
345
3.4.6
3.4.7
3.4.8
3.4.9
3.5

3.5.1
3.5.2
3.5.3
354
355
3.5.6
3.5.7
3.5.8
3.5.9

INTRODUCTION

ACTION RESEARCH METHODOLOGY

SCOPE OF WORK

CYCLE 1: TECHNICAL DISCUSSIONS WITH PROCESS,
INTENANCE AND RELIABILITY STAFF

Assessment and design

Asset Prioritization

Asset maintenance task optimization

Asset maintenance blueprint

Technology deployment

Expertise optimization

Work process optimization

Performance measurement and analysis

Improvement planning

CYCLE 2: INTERVIEWS WITH TECHNOLOGY VENDORS TO
TERMINE INTEGRATION CAPABILITIES OF THE DIFFERENT
SYSTEMS ON THE SOLVENTS SITE

Assessment and design

Prioritization

Asset maintenance task optimization

Asset maintenance blueprint

Technology deployment

Expertise optimization

Work process optimization

Performance measurement and analysis

Improvement planning

43

45

45
45
48

49
49
50
51
51
51
52
52
52
52

53
53
54
54
54
54
55
55
55
55



3.6

3.6.1
3.6.2
3.6.3
3.6.4
3.6.5
3.6.6
3.6.7
3.6.8
3.6.9
3.7

CYCLE 3: DESIGN AND IMPLEMENTATION TIME LINE REVIEW
Assessment and design

Prioritization

Asset maintenance task optimization
Asset maintenance blueprint
Technology deployment

Expertise optimization

Work process optimization
Performance measurement and analysis
Improvement planning

CONCLUSION

CHAPTER 4 RESEARCH OUTCOME - FAILURE ANALYSES

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.7.1
4.8
48.1
4.8.2

BUILDING PLANT ASSETS IN ASSET MANAGER

FAULT MODEL FLOW DIAGRAM

SYMPTOM CONFIGURATION FOR A SYSTEM TAG

PROCESS HISTORIAN DATABASE (PHD)

DATASCOUT

DATASCOUT ACTIVATION OF PLANT CONTROL SYSTEMS ASSETS
FAULT TREE CONFIGURATION FOR HART BASED DEVICE TAGS
Device Descriptor (DD) Files

PLANTSCAPE HARDWARE

PlantScape Symptoms

PlantScape Faults

4.9 EXPERION SCOUT

4.10

FSC HARDWARE

4.10.1 Integration
4.10.2 Faults

56
56
56
57
57
57
57
58
58
58
58

60

61
63
65
67
67
68
69
69
71
72
72
73
74
74
76



4.10.3

411
4.12
412.1
4.12.2
4.12.3
4.13
4.14
4.15
4.16

Symptoms

NETWORK ASSETS

CONTROL LOOPS

Integration

Symptoms

Faults

DATASCOUT CONFIGURATION FOR FSC ASSETS
FAILURE ANALYSIS FROM ALERTMANAGER
ROOT CAUSE FAILURE ANALYSIS

CONCLUSION

CHAPTER 5: ASSET HEALTHCARE

5.1
5.2
5.3
531
5.4
54.1
5.5
5.6
5.7
5.7.1
5.7.2
5.7.3
5.7.4
5.75
5.7.6
5.7.7

INTRODUCTION

ASSET MANAGEMENT SYSTEMS INTEGRATION
ASSET MANAGEMENT SYSTEM (AMS)

AMS Web Services alert publishing interface
EXPERION™ PKS R201

FieldCare (Metso) ValveGuard interface to FDM
LINK ANALYST NETWORK ALARM DETECTION
PROFITCONTROLLER

ALERTMANAGER PLANT ASSET VIEWS

Asset type view

Faults by asset type

E-mail message notification

FSC Assets

Plant structure view

Hardware view

Network assets

Xi

77

77
78
79
79
80
80
83
85
87

88

89
90
91
92
94
95
96
100
101
102
105
106
108
109
110
112



5.7.8
5.7.9

Instrumentation View

Faults in the last week

5.7.10 Control loops
5.7.11 Scouts
5.7.12 Data Sources

5.7.13 Experion areas

5.7.14 Out of service view

5.8

CONCLUSION

CHAPTER 6: EQUIPMENT HISTORY

6.1
6.2
6.2.1
6.2.2
6.2.3
6.2.4
6.2.5
6.2.6
6.2.7
6.3
6.3.1
6.3.2
6.3.3
6.3.4
6.4
6.5

INTRODUCTION

ASSETS INFORMATION FOLDERS
Fault counts

Symptom counts

Asset performance report

Fault history for the asset

Activity log

Symptom history

Fault history for the asset

REPORTS

Symptoms per asset type (monthly) report
Fault count report

Number of assets per type report
Different graph representations

KEY PERFORMANCE INDICATORS (KPI)
CONCLUSION

xii

113
114
116
117
118
119
120
121

122

122
123
124
125
126
127
128
129
133
134
136
137
139
140
142
143



CHAPTER 7: SKILLS ENHANCEMENT 144

7.1 MAINTENANCE INFORMATION 145
7.2 PHYSICAL INFORMATION 147
7.3 PROCESS INFORMATION 150
7.4  RECOMMENDED ACTIONS 152
7.5 LOOPSCOUT DETAIL PERFORMANCE ASSESSMENT 153
7.6 SHUTDOWN VALVE SIGNATURES 157
7.7 CONCLUSION 158
CHAPTER 8: PREDICTIVE MAINTENANCE 159
8.1 CHAPTER OVERVIEW 159
8.2 THE CONTEXT OF PREDICTIVE MAINTENANCE 160
8.3 MAINTENANCE APPROACHES 160
8.4 MAINTENANCE STRATEGIES 163
8.4.1 Reactive Maintenance 163
8.4.2 Preventative Maintenance 164
8.4.3 Predictive Maintenance 167
8.4.4 Proactive maintenance 168
8.4.5 Choosing a strategy 169
85  MAINTENANCE PLANS 169
8.6  MAINTENANCE PROCEDURES 169
8.7 CHANGE MANAGEMENT 170
8.7.1 Company culture 171
8.7.2 Correct staffing 172
8.7.3 Individual performance 172
8.7.4 Performance management 172
8.8  BENEFITS 173

8.9  CONCLUSION 176

Xiii



CHAPTER 9: CONCLUSIONS AND RECOMMENDATIONS

9.1

9.2

9.3

9.3.1
9.3.2
9.3.3
9.34
9.3.5
9.4

94.1
9.4.2
9.4.3
9.4.4
9.4.5
9.4.6
9.4.7
9.4.8
9.5

9.5.1
9.5.2
9.5.3
9.54
9.6

INTRODUCTION — CHAPTER OVERVIEW
OVERVIEW OF THESIS
FINDINGS

Finding of Aim 1
Findings of Aim 2
Findings of Aim 3
Findings of Aim 4
Findings of Aim 5
RECOMMENDATIONS
Recommendation 1
Motivation
Recommendation 2
Motivation
Recommendation 3
Motivation
Recommendation 4
Motivation
RECOMMENDATIONS FOR FURTHER RESEARCH
Recommendation 1
Recommendation 2
Recommendation 3
Recommendation 4
CONCLUSION

Xiv

177

177
177
181
181
182
182
183
184
185
185
185
185
185
186
186
186
186
187
187
188
188
188
189



LIST OF FIGURES

Figure 1 Operational reliability maturity continuum model

Figure 2 Block diagram of the different integrated plant systems
Figure 3 Asset management network layout

Figure 4 Plant Historian Database network layout

Figure 5 Loop management network layout

Figure 6 Asset Manager System architecture

Figure 7 Alarm and Events Configurator configuration of OPC Server
Figure 8 DataScout interface

Figure 9 Asset Builder

Figure 10 Diagnostic Builder

Figure 11 Multiplexer network

Figure 12 Multiplexer network with master and slave configuration
Figure 13 Expanded view of the multiplexers and field devices

Figure 14 EBI System

Figure 15 Action research cycle

Figure 16 Assessment and application design

Figure 17 Failure Analysis

Figure 18 Steps to build assets

Figure 19a Typical fault model for a Fisher DVC 6000 valve — part 1
Figure 19b Typical fault model for a Fisher DVC 6000 valve — part 2
Figure 20 DataScout Process Symptom configuration

Figure 21 Real-time data interface on the PHD shadow server

Figure 22 Block diagram indicating systems affected by the DataScout
Figure 23 Diagnostic configuration to link symptoms to the fault tree model
Figure 24 Fisher DVC6000 symptoms display in AlertManager

Figure 25 Block diagram of the LoopScout collection and reporting process

XV

Page

13
18
24
28
30
32
33
34
35
38
38
39
42
48
50
60
62
64
64
65
67
69
70
71
79



Figure 26 Configured symptoms for FSC assets 81

Figure 27 FSC process symptom configuration 82
Figure 28 FSC asset view of symptoms and fault tree 82
Figure 29 Alert summary of PlantScape assets 83
Figure 30 Fault trend report for specific assets 84
Figure 31 Basic work process for maintenance 86
Figure 32 Asset healthcare 88
Figure 33 Integration of HART-enabled field devices to AlertManager 90
Figure 34 Multiplexer network accessed by AMS and FDM systems 91
Figure 35 Alert publication application parching alerts from AlertMonitor 92
Figure 36 Data flow diagram for the two interfaces 94
Figure 37 FieldCare monitoring shutoff valves 96
Figure 38 Link Analyst control network layout map 97
Figure 39 Alarm log 98
Figure 40 EBI equipment monitoring 99
Figure 41 RMPCT assets in AlertManager 100
Figure 42 AlertManager view of the different types of asset groups 101
Figure 43 AlertManager view of configured asset per type 104
Figure 44 AlertManager view of failed equipment or systems 105
Figure 45 Mail messages in Outlook from the AlertManager 106
Figure 46 Mail messages contents 107
Figure 47 FSC asset information 109
Figure 48 Plant structure view 110
Figure 49 Hardware view 111
Figure 50 Network view 112
Figure 51 Instrumentation view 114
Figure 52 Faults in the last week view 115
Figure 53 Asset view showing control loops 116
Figure 54 Scouts view 117
Figure 55 Data sources view 118

XVi



Figure 56 Experion area view

Figure 57 Out of service asset view

Figure 58 Equipment history

Figure 59 Fault counts

Figure 60 Asset symptom count detail

Figure 61 Asset performance report

Figure 62 Fault history for the specific asset

Figure 63 Activity log for the asset

Figure 64 Symptom history on an active symptom

Figure 65a Fault for asset with specific diagnosis — part 1
Figure 65b Fault for asset with specific diagnosis — part 2
Figure 66 Symptom history with LinkAnalyst symptom diagnostic
Figure 67 Symptom history with Experion Scout

Figure 68 Fault history for a particular asset

Figure 69 Report parameters

Figure 70 Symptoms per asset type monthly report
Figure 71a Fault count report — part 1

Figure 71b Fault count report — part 2

Figure 72 Number of assets per type report

Figure 73 Symptom per asset type — month report

Figure 74 Count by calendar by symptom per asset report
Figure 75 Number of asset per type — pie report

Figure 76 Skills enhancement

Figure 77 FSC Module replacement procedure

Figure 78 Web path for maintenance procedures

Figure 79 FSC user documentation

Figure 80 Knowledge Builder software

Figure 81 Instrument reference manual

Figure 82 Process trend for an analyzer control loop

Figure 83 Process trend for a flow control loop

Xvii

119
120
122
125
126
127
128
129
130
131
131
132
133
134
135
136
138
138
139
140
141
141
144
146
147
148
149
150
151
152



Figure 84 Recommended action for a network switch

Figure 85 LoopScout performance assessment

Figure 86 Detail performance assessment

Figure 87a Loop asset display from LoopScout — part 1

Figure 87b Loop asset display from LoopScout — part 2

Figure 88 Stroke calibration

Figure 89 Predictive maintenance

Figure 90 Maintenance strategy approaches

Figure 91 Equipment-failure cycle

Figure 92 Change management model

Figure 93 Maintenance mix on the Butanol plant

Figure 94 Plant availability on the Butanol plant

Figure 95 SAMI Asset healthcare triangle: Focusing on stage 2

Figure 96 Action research cycle

Figure 97 SAP integration

Figure Al
Figure A2
Figure A3
Figure A4
Figure A5
Figure A6
Figure A7
Figure A8
Figure A9
Figure B1
Figure C1

KPI Tree index

Global KPI tree

KPI history

PHD KPI tree

PlantScape KPI tree

FSC KPI tree

AMS KPI tree
AlertManager KPI tree
LoopScout KPI tree
DVC6000 valve signature
Asset maintenance blueprint

Xviii

153
154
155
156
156
158
159
162
165
171
175
175
178
179
187

© 00 N o o B~ W N P

e
w N



LIST OF TABLES

Page
Table 1 PSc_Server and PSc_Station faults 73
Table 2 PSc_Server and PSc_Station symptoms 73
Table 3 FSC Parameter Integration 75
Table 4 FSC hardware faults 76
Table 5 FSC hardware symptoms 77
Table 6 Network Asset symptoms 78
Table 7 Network Asset faults 78
Table 8 Control loop symptoms 80
Table 9 Control loop faults 80
Table 10 Table view of an asset fault report 137
Table 11 Maintenance strategies comparison 164

XiX



LIST OF ANNEXURE

Annexure A: KPI Trees
Annexure B: DVC6000 valve signature
Annexure C: Asset maintenance blueprint

Annexure D: Maintenance procedure

XX

Page

10
13
14



GLOSSARY OF TERMS AND SYMBOLS

ACE Application Control Environment

AM AssetManager

AMS Asset Management System (Emerson)
APC Advance Process Control

DCS Distributed Control System

DD Device Descriptor Files

ESD Emergency Shutdown System

EBI Enterprise Buildings Integrator

FDM Field Device Manager

FF Foundation Field Bus

FSC Fail Safe Control (Honeywell)

HCF HART Communication Foundation
HART Highway Addressable Remote Transducer
OLE Object Link Embedded

OPC OLE for Process Control

PHD Plant Historian Database

PID Proportional, integral and derivative control
RCM Reliability Centered Maintenance

RDI Real-time Data Interface

RCFA Root Cause Failure Analysis

RMPCT Robust Multivariable Predictive Control Technology
RTDC Real Time Data Collector

SAMI Strategic Asset Management Inc.

SIL Safety Integrity Level

SCADA Supervisory Control and Data Acquisition

XXi



