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Objectives

m To propose an innovative methodology of risk-based SPC fault
diagnosis and its integration with Safety Instrumented System to
solve the fault diagnosis and safety management problems in
process engineering.

m Using G2 development environment, to implement and verify the
proposed methodology in a tank filling system developed with G2
software.

m To realize a technique breakthrough, from univariate monitoring to
multivariate monitoring, for SPC fault diagnosis, in process fault
diagnosis field.

m To simulate a real process system, the steam power plant system,

in G2 development environment, to testify the proposed
methodology.
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Motivations

“To know is to survive and to ignore fundamentals is to
court disaster.”

Fawcett, Howard H.
Wood, William Samuel

Life and health for people
Pollution to the environment

Economic loss to process industry

Disorder in academia in fault diagnosis and safety management for
process engineering
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Background

m The Definition of Fault

A departure from an acceptable range of an observed variable
associated with a process.

m What is a SIS?

A system composed of sensors, logic solvers and final-control

elements for the purpose of taking the process to a safe state, when
predetermined conditions are violated.

Q/ \D‘Q

Input elements Final elements

Main Parts of a Safety Instrumented System 5



Background

m Definitions of SlLs from IEC 61511-1

SIL Range of Averaged PFD Range of RRF

4 10~ <= PFD <10~ 100,000 >=RRF = 10,000

10 <= PFD <10 10,000 >=REF = 1000

1000 =>=REF = 100

2 107 <= PFD <10~
1 107 < PED<10" 100 >=RRF > 10
m Control Chart
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———————————— UCL =10.860
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The Proposed Methodology

m The Existing Fault Diagnosis Methods

Diagnosis
Methods
Quantitative Qualitative Process History Based
Model-Based Model-Based /\
Observers Causal Abstraction L. L.
EKF Models Hierarchy Qualitative Quantitative
Parity /\
Space E t
’ Digraphs Structural 5552;8 QTA
grap Statistical Neural
o Functional Networks
Qualitative
Fault Physics
Trees y PCA/
PLS Statistical
Classifiers

Classification of Diagnostic Algorithms (Venkatasubramanian et al., 2003)
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The Proposed Methodology

m The Pathway of Proposed Methodology

Diagnosis
Methods
Quantitative Qualitative Process History Based
Model-Based Model-Based
Observers Causal Abstraction . o
EKF Models Hierarchy Qualitative Quantitative
Parity /\
Space . Expert QTA
Digraphs Structural Systems . Neural
Statistical
Networks
. Functional
Qualitative
Fault Physics
Trees y
PCA/
PLS Statistical
atistica Risk-based SPC
Classifiers

Pathway of Proposed Methodology in the Classification of Diagnostic Algorithms



« The Flow Chart of the Proposed Methodology
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The Proposed Methodology

m Theoretical Verification of Proposed Methodology

Historical data from Thermodynamics and Fluids Lab in Faculty of
Engineering and Applied Science building at Memorial University of
Newfoundland obtained during 12:49 p.m. through 12:58 p.m. on
July 13, 2006 :

Steam Pressure Data for the Steam Power Plant :

Normal Situation Abnormal Situation
Time 12:49-12:53 | 12:54-12:58 Time 12:49-12:53 | 12:54-12:58
678 673 678 673
656 679 656 700
638 658 638 730
633 639 633 639
645 643 645 643
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The Proposed Methodology

m Theoretical Verification of Proposed Methodology

Moving Average Steam Pressure Data for the Steam Power Plant :

Normal Situation

Time

12:49-12:51 | 12:50-12:52 | 12:51-12:53 | 12:52-12:54 | 12:53-12:55 | 12:54-12:56 | 12:55-12:57 | 12:56-12:58
678 656 638 633 645 673 679 658
656 638 633 645 673 679 658 639
633 633 645 673 679 658 639 643
Xbar 657.3 642.3 638.7 650.3 665.7 670 658.7 646.7
Note:
The normal steam pressure is 640 kPa, and the maximum steam pressure is 690 kPa.
Abnormal Situation
Time | 12:49-12:51 | 12:50-12:52 | 12:51-12:53 | 12:52-12:54 | 12:53-12:55 | 12:54-12:56 | 12:55-12:57 | 12:56-12:58
678 656 638 633 645 673 700 730
656 638 633 645 673 700 730 639
633 633 645 673 700 730 639 643
Xbar 657.3 642.3 638.7 650.3 672.7 701 689.7 670.7

11
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The Proposed Methodology

m Theoretical Verification of Proposed Methodology

1. Fault Diagnosis Principle — Three-sigma Rule:

|

|

34.1% 34.1%

|

0.0 01 02 03 0.4

-30 -20 -lo M lo 20 30

Fig. 16 Standard Deviation Diagram

In statistics, for a normal distribution, nearly all (99.7%) of the values lie
within 3 standard deviations of the mean. Statisticians use the following
notation to represent this: y £ 30.
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The Proposed Methodology

m Theoretical Verification of Proposed Methodology
2. SPC Fault Diagnosis :

Normality Test to the Moving Average Steam Pressure Data in Minitab15 :

Normal Situation Abnormal Situation
Normality Test for Steam Pressure Data Normality Test for Steam Pressure Data
Normal Normal

Mean 653.7 Mean 665.3
StDev 11.10 StDev 229
95 1 N 8 95 N 8
RJ 0.990 RJ 0.981
= P-Value >0.100 e P-Value >0.100
80 80
-~ w0 - 70
5 60 5 60
O 507 O 501
40 40
g 30 4 g 30
20 20
10 104
5 54
1 T T T T T T == T T T T T T
630 640 650 660 670 680 600 620 640 660 680 700 720
SteamPreNor SteamPreAb

13



The Proposed Methodology

m Theoretical Verification of Proposed Methodology

SPC Fault Diagnosis Results :

The Moving Average Steam Pressure Data in Excel 2003 :

Normal Situation

Abnormal Situation

Xbar Value

X bar

670 /:\
665
660
os5 1 R AN
650
~
640 —
635
630
625
620
1 2 3 4 5 6 7 8

Sample Number

Xbar Value

710
700
690
680
670
660
650
640
630
620
610
600

X bar

2 3 4 5 6 7 8

Sample Number
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The Proposed Methodology

m Theoretical Verification of Proposed Methodology

3. Risk-based SPC Fault Diagnosis :

The two types of Euler integrals in mathematics are:

RI = Risk = P(F)*S

(1). the Beta function

x—(u+30)

P(F) =4
S =100

]

g e, TOITG)
B(x,y) joz (1-67"dt —F(x+y)

(2). the Gamma function

F(z) = jﬂwzx—leatdt

While,

_ _(t=p)?
P(F)=¢[x (ﬁ;+30)]=fwﬁe 20 g

Where
u=u+3o
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The Proposed Methodology

m Theoretical Verification of Proposed Methodology

3. Risk-based SPC Fault Diagnosis :

Error Function:

erf (x) = % j;x e dt

T R M R e N el e e e e
1.00

0.75 //

0.50 /

0.25
~
&
us 0.00

-

(V]

-0.25 /

0.50 /

-0.75

1.00

AN AN AN AN AN A

L5 -2 -1 0 1 2 3
X

PUY =) = [l +erf ()] Where x'=
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B G2 Development Environment

Application Situations :

m Monitoring, diagnosis, and alarm

handling.
Supervisory and advanced control.
G2 Platform m Progess Qe3|gn, simulation, and re-
I"I_odeling & l;lelal;ETin?e eng".]eerlng -
smulstien S b m Intelligent network management.
T m Decision support for enterprise-wide

N P .

Integrated Development Environment :
G2 Platform from Gensym Corporation

m G2
m GDA
GUIDE

17
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Case Study 1 — Tank Filling System

m Requirements to the Tank Filling System

A tank filling system, i.e., a tank level monitor, is to be developed in G2
development environment. In this system, tank is filled with inflow liquid
through a manual valve. The controlled variable is tank level.

The system to be designed comprises:

1. BPCS
2. SIS
3. S1S2

Functions to be realized in the tank filling system are:

1. Popping up warning message when tank level reaches some limit.
2. Raising alarm when tank level exceeds upper control limit.
3. Raising alarm when there is a fault and then shut down the system.

4. Raising alarm and shut down the system immediately when there is
an excessive deviation in inflow.

18
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Case Study 1 — Tank Filling System
m Deterministic Development Stage

1. The Console Construction of the Tank Filling System

Console of the Tank Level Monitor with BPCS

TANK-LEVEL-CONSOLE | x|

(=]

Tank Level Monitor

stat | Stop | Reset | [£] Diagnostics

Alarms

F5-1

® Level Control
Flow In @:&:{\%ﬁ‘ | l
: LC-1

A

O

TANK-1 Cv-1

» Flow Out
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Case Study 1 — Tank Filling System

m Deterministic Development Stage

1. The Console Construction of the Tank Filling System

Console of the Tank Level Monitor with BPCS & SIS1

CONSOLE | x|

Go to Main Workspace Tank Level Monitor

Start Stop Reset Diagnosis
| I | =

P-Controller

m

1y
Flow In (==

'S LS-1
Set Point : S I

52

TANK-1 Cv-1 0.0

Flow out
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Case Study 1 — Tank Filling System

m Deterministic Development Stage

1. The Console Construction of the Tank Filling System

Console of the Tank Level Monitor with BPCS & SIS1 & SIS2

CONSOLE | X}

Go to Main Workspace Tank Level Monitor

Start Stop Reset Diagnosis
| | | [

SIS2

P-Controller

Flow In —

Set Point : 5

JCD
= |

& Flow out

TANK-1 CV-1 0.0
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Case Study 1 — Tank Filling System

m Deterministic Development Stage

2. Safety Integrity Level (SIL) Evaluation

Safety Integrity Level (SIL) Evaluation to the Tank Filling System

system Composition | PFDavg Risk Reduction | SIL

BPCS 10! to 102 | 10to 100 SIL1
BPCS+5IS 102 to 10 | 100 to 1000 oIL2
BPCS+H5IS1+5I52 10 to 104 | 1000 to 10,000 | SIL3

22
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Case Study 1 — Tank Filling System

m Deterministic Development Stage
3. Functions Realized in Deterministic Stage

a) Popping up warning message when tank level exceeds set point 5 m.

b) Raising alarm when tank level exceeds upper limit 6 m.

c) Raising alarm when tank level is out of control and then shut down the
system in specified time period (in SIS1).

d) Popping up dangerous warning message, raising alarm and shutting

down the system immediately when there is an excessive deviation in the
inflow (in SIS2).

23
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Case Study 1 — Tank Filling System

m SPC Development Stage

1. The Definition of Fault in SPC Stage

If three successive data points of tank level exceed the upper limit 6 m,

then this is defined as a fault event.

2. The Tasks in SPC Stage

a) Eliminate noise disturbances.

b) Visually monitor the entire process.
c) Distinguish abnormal situation from normal situation.

24
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Case Study 1 — Tank Filling System

m SPC Development Stage

3. The Developed Control Chart

Control Chart for the Tank Filling System

CONTROL-CHART

IE |Subworkspace 2|

701

b.2 [

S54F e

abr

38

3.0 1 1 1 1 ]
0.0 4.8 9.6 14.4 & 24.0

Tank Level

UCL:6m Mean:5m LCL:4m
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Case Study 1 — Tank Filling System

m SPC Development Stage
4. Functions Realized in SPC Stage

a) Popping up warning message when tank level exceeds set point 5 m.
b) Raising alarm with severity 1 when tank level exceeds upper limit 6 m.

c) Raising alarm with severity 2 when three successive data points of
tank level exceed upper limit 6 m.

d) Raising alarm with severity 3 when tank level is in range [6.1, 6.2],
then shut down the system in specified time period (in SIS1).

e) Popping up dangerous warning message, raising alarm with severity 4
and shut down the system immediately when there is an excessive
deviation in the inflow (in SIS2).

26
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Case Study 1 — Tank Filling System
m Risk-based SPC Development Stage
1. The Definition of Fault in Risk-based SPC Stage

Fault is defined as three successive data points exceed some limit(s). In
these three data points, two successive data points are the real values of
the moving average of controlled variable, and the third successive data
point is the predicted value of the moving average of controlled variable.

2. The Tasks in Risk-based SPC Stage

a) Develop forecast capability to one controlled variable.

b) Develop visually real time monitoring to the system.
c) Minimize the number of false alarms.

27
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Case Study 1 — Tank Filling System
m Risk-based SPC Development Stage

3. The Developed Console for the Risk-based Tank Filling System

Console of the Risk-based Tank Filling System

CONSOLE X
Go to Main Workspace Tank Level Monitor E e
IB Diagnosis
Start | Stop I Reset | E Control Chart
My
FS-1 :
P-Controller
00
Flow In = J-: D_
o
L LS-1
Set Point : 5 J CL)
% Flow out
TANK-1 cv-1 00

28
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Case Study 1 — Tank Filling System
m Risk-based SPC Development Stage

4. The Developed Forecast Function

Data Points in Time Order

CONTROL-CHART

E |Subworkspace 2|

1 1 1 1 ]
0.0 20.0 4D.P 60.0 80.0 100.0 120.0

Tank Level

5. Fault Diagnosis Results in SIS1



Risk-based Tank Level Trend Chart — SIS1

TREND-CHART
E Subworkspace 4

Tank level unacceptable limit is 6.

6.25
6.0
5.75
5.9
5.25
B:31:00 am. b:32:00 am. b:33:00 am.
REAL-MOVING-AVERAGE-DATA using square as marker
PREDICTED-MOVING-AVERAGE-DATA using triangle as marker

Predicted Risk Chart — SIS1

Unacceptable risk limit is 5.

35.0

300

25.0

20.0

15.0

10,0

3.0

6:31:00 am. 6:32:00 am. 6:33:00 am.
PREDICTED-RISK using plus-sign as marker
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Case Study 1 — Tank Filling System

m Risk-based SPC Development Stage
6. Functions Realized in SIS1

a) Popping up warning message when risk value for the predicted tank
level is in range 1-5.

b) Raising alarm with severity 2 when risk value exceeds 5, i.e., the
predicted tank level exceeds upper control limit 6 m.

c) Raising alarm with severity 3 when the real tank level exceeds upper
control limit 6 m.

d) Raising alarm with severity 4 when a fault happens, shutting down the
system and highlighting the valve MV-1 in green.

7. Fault Diagnosis Results in SIS2
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Risk-based Tank Level Trend Chart — SIS2

E Subworkspace 7

Tank level unacceptable limit is 6.

6.0

575

5.5

5.25

5.0

10:54:.00 am. 10:55:00 am. 10:56:00 am.

TANK-LEVEL-FR using square as marker
PREDICTED-TANK-LEVEL-FR using triangle as marker

Predicted Risk Chart — SIS2

Unacceptable risk limit is 5.

10.0
75
5.0
235
444444444444444444 00
10:54:00 am. 10:55:00 a.m. 10:56:00 am.
PREDICTED-RISK-FR using plus-sign as marker
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Case Study 1 — Tank Filling System

m Risk-based SPC Development Stage

8. Function Realized in SIS2

a) Raising alarm with severity 4 when there is an excessive deviation in

inflow, shutting down the system and highlighting the valve MV-1 in red.

9. Comparison with Cen Nan’s Work

Cen Nan, the previous developer for the tank filling system and the
steam power plant system in case study 2.

33
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Case Study 1 — Tank Filling System

m Risk-based SPC Development Stage

9. Comparison with Cen Nan’s Work

Console of the Tank Filling System in Cen Nan’s Work

) Basic Tank Level Control
Go to Main Workspace

Simulator [¥] safety Analyisis
Start | Stop | Reset |
sC1
A P-Controller cen | SRV
Instrumented System
o0 )

LC-1

0.0 £
Pd: P

SV-1 cy-1 00

Alarm [==> (/)

Set Point : 5
Flow out

Flow In = Basic Process

ontrol System

A 100
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Case Study 1 — Tank Filling System

Comparison to Cen Nan’s Work for the Tank Filling System

Characteristics Cen Nan’s System | Huizhi Bao’s System
BPCS Yes Yes
IRy Tes Tes
RIRY No Tes
Real Time Monitoring Yes Yes
Trend Chart No Tes
Forecast Capability No Yes
Deterministic Development Yes Yes
>PC Development No Yes
Risk-based Development No Yes
Noise Filtering Yes Yes
Additional Hardware for Tes No
Noise Filtering
SIL 2 3
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Case Study 2 — Steam Power Plant System
m Requirements to the Steam Power Plant System

The steam power plant is located in Thermodynamics and Fluids Lab in
Faculty of Engineering and Applied Science building at Memorial University
of Newfoundland.

Steam Power Plant in Thermodynamics and Fluids Lab
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Case Study 2 — Steam Power Plant System

m Requirements to the Steam Power Plant System

Schematic Diagram of the Steam Power Plant

Pl Excel Building Supervisor (Local site-Online)
Edit Data Reports Graphics Applications Utilities Sign-off Help
— -_ - oee———————————— e i |

eeeeeeeee

uuuuuuu

333333

R > =
o6n3zoos 229PM  § | B
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Case Study 2 — Steam Power Plant System

m Requirements to the Steam Power Plant System

Development Works:

1. Construct the console of the steam power plant in G2 development
platform.

2. Model and simulate the entire process for the steam power plant in G2
environment.

3. Design BPCS, SIS1 and SIS2 to the controlled variables. In this
development system, the controlled variables are three parameters of the
boiler, that is, the steam flow rate, the steam pressure and steam

temperature.

4. Realize a technique breakthrough, from univariate monitoring to
]E_mfgcivariate monitoring for SPC fault diagnosis, in process fault diagnosis
ield.

5. Apply the proposed methodology of risk-based SPC fault diagnosis and
its integration with SIS into the developed steam power plant system.
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Case Study 2 — Steam Power Plant System

m Console Construction in G2 Environment

Console of the Steam Power Plant System

STEAM-POWER-PLANT-SIMULATOR E3
| e e | EI FProcedure IEI Function Elﬁule E Diagnoziz El Chartz
start | stop | reset | ‘

BULES: | 10 '
. :
é

Su perhesters
v '32»6\& H

0.0 0.0 . ~ + M
i ; 4 w1 . ® @ Loac
$G-CV-1 100 SG-CV-2 100 $G-CV-3 100 0.0 l L 0.0
$G-F§-2 SG-F$-3 = =
@ Gl i

12k SGPs-3 SGTS3

Condenser (L 0.0
Steam inflow mte 0.0
rew mtar outow rete 0.0

ON
$G-FS-1 SG-PS-1 S ®

Level 0.0

City Water W
Wete r flow Supply Pu
s  on _ _
@ OFF SG-CONDENSER-1
Condenzate

Pump O on
# OFF

IE] Azsumption E GDA Inteface
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Case Study 2 — Steam Power Plant System

m System Modeling

Historical Data Chart for the Boiler Steam Pressure Response of an Underdamped Second-Order Process

800

700

=

< 500 +

@

% 500 +

& 400 +

£ b

£ 300+ |

L] 1

Z o0+ :

(=3

[==] ' )

100 + 4 1 e
0 I(mr m) ’ l‘" Vit - T'mc
0 TTrrrrrrrrrrrrrrrrrrrrrrrrrrrr T TrrrarrrTrrrrrrrrrrrrrrrrvvrvng
1 21 41 61
Time(Min)

Steam Pressure of the Boiler: Underdamped Second-Order System
Steam Temperature of the Boiler: Second Order Polynomial

Steam Flow Rate of the Boiler and Other Parameters or Components: First-Order System
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Case Study 2 — Steam Power Plant System

m SPC Development Stage

1. The Definition of Fault in SPC Stage

If three successive data points of controlled variable exceed the upper

control limit, then this is defined as a fault event.

2. The Tasks in SPC Stage

a) Eliminate noise disturbances.

b) Visually monitor the entire process.
c) Distinguish abnormal situation from normal situation.
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Case Study 2 — Steam Power Plant System

m SPC Development Stage

3. The Developed Control Charts

Control Chart of the Steam Pressure

(Normal Situation)

FAULT-DIAGNOSIS

o onavosis |
(] ] [sbvarpace 7

Control Chart of the Steam Pressure
(Abnormal Situation)

73001

71001

6700

63001

3900

330.0
00

1 1 1
48 96 144

1 J
192 240

Steam Pressure

FAULT-DIAGNOSIS
A1 i
7100}
6700F
mow <
5300
s 4?9 91.5 ad 1;.2 zc;.o
Steam Pressure
UCL: 690 kPa Mean: 640 kPa LCL: 590kPa
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Case Study 2 — Steam Power Plant System
m SPC Development Stage

4. An Experiment for Effectiveness Demonstration

Cen Nan’s Steam Power Plant System + Huizhi Bao’s Diagnosis Module

STEAM-POWER-PLANT-SIMULATOR

D IE]chodno E]Funcﬂon Eﬁuh BGDA hterface EC’*Q

) Safe Boiler Pressure | ( . E Mnou‘ )
O Unsate Boder Pressure | " ;
'SGIC - BULBS: |10

Supecheaters S %‘ o

fad
SG-P51 SG-TS @ ON
00 00
41 { { < oas Loac
ey

124V 5GPs3 $G-TS3

Condenver LD 00
: S0 Sraarn inkow me 0.0 ({) ?
. — g ¢

w

Ferow ster oefow rete 0.0

E] Assumpticn
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Case Study 2 — Steam Power Plant System

m SPC Development Stage
4. An Experiment for Effectiveness Demonstration

Problems Detected That Exist in Cen Nan's System:
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Case Study 2 — Steam Power Plant System

(1). Raising false alarms when the steam pressure data are still safe.

m EP»«&H. mFuﬂciba Eﬂul. EGOA hterface EG\-ﬂ

Q Safe Boller Presaure
stwt ] stop | reeet I

O Unsade Boller Pressure
$GPC @ : ) BULES: 110

Superhesters o %‘ ;j

ON
® - -
$0P5-2  SG-TS2
Loac
.1 ' r

EIESIN

Time Sv | Alarm Message Ack
10/19/2009 10:25:59 3 Steam Pressure in boiler has reached to..

wd Chart

(2). Raising false alarms when the steam pressure is still in safe range, i.e.

[590 kPa, 690 kPa].
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Case Study 2 — Steam Power Plant System

m SPC Development Stage
4. An Experiment for Effectiveness Demonstration

From Viewpoint of KB File Capacity:

Cen Nan’s KBRT System: 957 KB
Huizhi Bao’s SPC System: 431 KB

46



"
Case Study 2 — Steam Power Plant System

m Risk-based SPC Development Stage

1. The Definition of Fault in Risk-based SPC Stage

Fault is defined as three successive data points exceed some limit(s). In
these three data points, two successive data points are the real values of
the moving average of controlled variable, and the third successive data
point is the predicted value of the moving average of controlled variable.

2. The Tasks in Risk-based SPC Stage

a) Develop forecast capability to three controlled variables.
b) Develop visually real time multivariate monitoring to the system.
c) Minimize the number of false alarms.

3. The Results of the Fault Diagnosis
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Case Study 2 — Steam Power Plant System

Trend Charts for Steam Pressure, Steam Flow Rate and Steam Temperature &

Risk Charts for Steam Pressure, Steam Flow Rate and Steam Temperature

TREND-CHART x|

Steamn pressure upper limit is 690 KPa.

Stearn flow rate upper limit is 166Kg/H. Steam temperature upper limit is 239C.

TH0a2 *‘ 2432
A LT AN - ‘1 1832 2402
I ! 4 A / ! g
] —4 : 8502 4 o 2352
| ‘ b’* /
f [ 7 lh 853a2 ‘ | ; 183:8 o
‘ " ) 850a2
4 x 4 ’\ ¥ \‘ ‘ ! 2332
! -
'y 873a2 | 182a2
‘ A |[ W 230a8
i 870a2 y
n 2258
10120 pre. 10100 pre. SECTT SECT™R VR e, TSECT™R 0120 e TR0 pre. ECTTR
FEAL-W OV NG-AVERAGEDATA uzing musrm wx e mrar FEAL-WOV NG-AVERAGE-DATA uzing musrm ux remrar FEAL-WOV NG-AVERAGE-DATA uzing musrs axrmrdar
PREDECTEC-MO YV NG-AVERAGEDAT A using trmngle » x re mrdar PFEDCTED-MO YV NG-AVERAGEDAT A using trmngle mx e mrdar PFREDETEC-MOV NG-AVERAGEDAT A using trmngle = x re mrdar

Upper risk limit is 5. Unacceptable risk is 20.

Upper risk limit is 5. Unacceptable risk is 20.

Upper risk limit is 5. Unacceptable risk is 20.

300
200
—_ 10
173
123
- 800
123 J0.0 100
+0.0
10.0 23
73 300
an
a 200
23 100 2
0p o on
10200 e ISCCTTR IECTTH 120 . TR0 pre. ISECTTR

PFEDCTEORGK using dux-zgn wxremrar

PFREDCTEOR GK using puz-zgn wxrimdar

101200 pra . 101400 pre. 10100 pre.
PFEDCTEOR GK using puz-zgn wxramdar
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Case Study 2 — Steam Power Plant System
Some fault snapshots:

Steam Flow Rate Trend Chart and Risk Chart

Steam flow rate upper limit is 166Kg/H.

1.6822
a
\!
1.652
|
|

1.6322
N

1.60a2
10:5%6:008.m

10:%5:008.m

10:57:00m.m
RELAL-MOVING-0VERAGE-DATA ueing square se marker
PREDICTED-MOVING -0 VERAGE-DATA

ging trimngle se

marker

Upper risk limit is 5. Unacceptable risk is 20.

50.0
40.0
30.0
20.0
10.0

— 0.0
10:%5:008.m 10:%6:008.m 10:57:008.m

PREDICTED-RISK ueing plue-sign ss marker
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Case Study 2 — Steam Power Plant System

Some fault snapshots:

Steam Pressure Trend Chart and Risk Chart

Steam pressure upper limit is 690 KPa.

7.00=2

6952

6902

6.8%2

6.80a2

6.70a2

6.70a2

10:%6:008.m 10:57:008.m 10:5:008.m

REAL-MOVING-0VERAGE-DATA ueing square ss marker
PREDICTED-MOYING-0VERAGE-DATA ueing trimngle me marker

Upper risk limit is 5. Unacceptable risk is 20,

200
17.5
15.0
125
10.0

7.5

3.0

25

0.0
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Case Study 2 — Steam Power Plant System

Some fault snapshots:

Steam Temperature Trend Chart and Risk Chart

Steam temperature upper limit is 239K.
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Case Study 2 — Steam Power Plant System

m Risk-based SPC Development Stage

4. Functions Realized in SIS1

a) When there is a fault in any individual variable, the system pops up a
warning message.

b) When any of the risk of steam pressure, steam flow rate, or steam
temperature is greater than 20, the system raises the alarm of shutting
down the system with severity of 4.

5. Functions Realized in SIS2

a) When the overall risk is in range 5-10, the system pops up warning
message.

b) When the overall risk is in range 10-20, the system pops up severe
warning message.

c) When the overall risk is greater than 20, the system raises the alarm of

shutting down the system with severity of 4.
52



"
Case Study 2 — Steam Power Plant System
m Risk-based SPC Development Stage

6. Other Functions Added in the Developed System

a) When the predicted value for any variable reaches the extreme value,
the system raises an alarm with severity of 2.

b) When the real value for any variable reaches the extreme value, the
system raises an alarm with severity of 3.

7. Comparison with Traditional Approach (Expert System)

Major Distinctions:

a) Univariate Monitoring «— Multivariate Monitoring
b) Risk-based SPC Fault Diagnosis
c) Unsafe State
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Case Study 2 — Steam Power Plant System

m Risk-based SPC Development Stage

7. Comparison with Traditional Approach (Expert System)

Unsafe Boiler Pressure Button in Cen Nan’s KBRT system
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Case Study 2 — Steam Power Plant System

Comparison between the KBRT Approach and the Risk-based SPC Approach

Characteristics KBERT approach | Risk-based SPC approach
Controlled Variable Univariate Multivariate
BPCS Yes Yes
IR No Yes
SIS2 No Yes
Real Time Monitoring Yes Yes
Forecast Capability No Yes
Risk-based Development No Yes
Noise Filtering Yes Yes
Additional Hardware for Yes No
Noise Filtering
SIL 2 3
Independency No Yes
Redundancy Yes No
Adaptability Not Good Excellent
Sensitivity to Fault Not Good Excellent
Extensibility Not Good Excellent
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Characteristics of the Proposed Methodology

10 Outstanding Characteristics of the Proposed Methodology:

Adaptability

Real-time Monitoring Capability

Forecast Capability

Effectiveness and Strong Safety Management Capability
Independency

Robustness

Transplantable Capability

Reasonability in System Design

Extensibility

Multiple Fault Identifiability
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Conclusions

6 Conclusions for the Proposed Methodology:

An innovative methodology of risk-based SPC fault diagnosis and

its integration with Safety Instrumented System (SIS) for process
systems has been proposed.

The proposed innovative methodology has been verified through
two process systems that it neither depends on any model as
model-based approaches, nor depends on large amount of historical
data as conventional process history based methods.

A technique breakthrough, from univariate monitoring to multivariate
monitoring, has been achieved in this research.

The advantages of the proposed methodology over Cen Nan’s work
for Tank Filling System are listed on Page 35.

The advantages of the proposed methodology over traditional expert
system for Steam Power Plant System are listed on Page 55.

10 outstanding characteristics of the proposed methodology are
summarized on Page 56.
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Future Works

L Further develop the multivariate monitoring for the proposed
methodology of risk-based SPC fault diagnosis and its integration

with safety instrumented system (SIS).

0 Try to realize another breakthrough for the other limitation of the
SPC fault diagnosis in the data acquisition technology.

M Apply the proposed methodology which has broken through the
two limitations into real process systems.
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