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A Study on the Development of an Expert System
for Chemical Plant Fault Diagnosis
— A trouble analyzing system based
on Functional Structure —

]
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ABSTRACT

A methodology to develop an expert system for chemical plant fault diagnosis based on functional-
structure of chemical plant is proposed. A methodology to generalize and utilize the heuristic knowl-
edge of plant operators is also developed.

A plant can be seen as a Hierarchical set of subsystems. Each subsystem is called a SCOPE. The
state of the plant and the behavior of each subsystem is managed by the SCOPES.

An expert system based on this functional structure and knowledge base has been developed and ap-
plied to the subprocess of etylene plant to evaluate the effectiveness of the methodology.
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Fig.1 Supervision loop on appearance of a fault
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lisp2) (scope)

H#4##H Let’s start making primitive—scope! ## # #
B3 %4

*PRIMITIVE —SCOPE —INSTANCE*
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(SO1 S04 SO5 S0O20 S021 5022 SO25 E0 E1 E2 £3 B4 ES
E6 E7 E8 EG E10 E11 E12 E13 E28 £29 E34 E37 E38 $1 82
53 54 55 56 §7 S8 $9 $10 512 513 S14 R15R16 R17 R18
R19 R20 523 S24 S25 526 527 S51 552 R53 R57 $57 568
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D18
D16 D17 D18 D19 F20 D21 D22 D23 D24 D25 D26 D27
D28 D29 D30 D31 D32 D33 D34 D35 D41 D42 D43 D44
D45 D85 C1C2C3 C4C6 C16 C17 C18 C19)

*sex Blockcs are made. *****

* BLOCK—LIST *

(BL1 BL2 BL3 BL4 BLS BL6 BL7 BL8 BL9 BL10 BL11 BL12
BL13 BL14 BL15)

*ras¥4Recycles are made.*****

* RECYCLE—-LIST *

(RC1RC2 RC3 RC4 RC5 RC6 RCT7)

##### 4 Let's start making functional—scope! # 3 3 3 3
%

*FUNCTIONAL —SCOPE —INSTANCE*

(F1F2F3 F4 F5 F6 F7 F8 F§ F10 F11 F12 F13 F14 F15 F16 F17
F18 F19 F20 F21 F22 F23 F24 F25 F26 F27 F27 F28 F29
F30 31 F32 F33 F34 F35 F36 F37 F38 F39 F40 F41 F42
F43 F44 FA5 F46 FA7 F48 F49 F50 F51 F52 F53 F54 F55
F56 F57 F58 F59 F60 F61 F62 F63 F64 F65 F66 F67 F68
F69 F70 F71 F12 F73)

a5+ A11 scopes in the model plant are generated, ***+*

FIG.9 SCOPES GENERATED BY THE SYSTEM

1isp2) (FAULT—DIAGNOSIS)
*re2332 Select the mode in the following four modes (1 or 2 dor
Jdor 4) terrers
1. System checks the troubles of the unite connected with the
*alarm —detectir®,
2. System checks all the troubles of the units in the sub—func-

42

tional scopes
connected with the *alarm —detector®.
3. System checks all the troubles in the related main—functional
sceopes.
4. System checks all the troubles in the model process.

2
*Alarm—detector* is as follows. =) (D14 D15 C2C18)
Units connected with *alarm—detector* are as follows.

=) (E6E33EB)
***+ Let's check the trouble of detector. ****
=) There are no abnormal detectors.
***#+ | et's check the troubles of the units (E6 E33 E8) ****

Consider the fauft NIL of £6

Consider the fault NIL of £33

Consider the fault (COOLING—MEDIUM~FAILURE COOL-
ING—MEDIUM~FAILURE % ) of E8

== Now starting the qualitative simulation on COOLING—ME-
DIUM~FAILURE of £8 ==
=) Simulation failed!!.

== Now starting the qualitative simulation on COOLING —ME-
DIUM-—-FAILURE of E8 ==
=) Simulation failed! .

*#*+ | ot's check the troubles of the units in the suv—functional
scopes
connected with the *alarm—detector®, ****
Consider the fault of (CONTROLLER—ABNORMAL ) of E37

== Now starting the qualitative simulation on CONTROLLER—
ABNORMAL of E37 ==
=)Simulation is completed!!. Simulation results are as fol

fows.

# ## 4 Forward chainning rule finks are as follows. # # # #
#
**** TrueOop rule of EO ****
(IR NIL ({S1 (PHASE GAS) (FLOW 8920 9120) (PRESS 9.8 10.
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1) (TEMP 32 36)))
THEN ((S2 (TEMP 41 44) (PRESS 115 12.2))) AR (({S1)
(82))})

**++* Arc nstates of S1 ****
(D=) T FLOW=) (8920 9120) PRESS=) (9.8 10.1) TEMP
=) (32 36)
COMP=) (H2 H20 C1C2 C3 C4 C5 C2H2) PHASE=) GAS

***#+ Detector states are as follows. ****
(D1 8500 8640)

(D28.385)

*+++ Controller states are as follows,****

Bt St HITA RI4E '92d 128

* Sfet BUEQ| DTA BN MBI AAHO| B G

(C1-55)
(C25NL)

#4# ¢4 Fault—candidates are CONTROLLER — ABNORMAL of
E37T ## 44

Terminate the trouble—shooting? (y/n)
**54 Trouble—shooting is terminated! 1. ****

1isp2)

Fig.10 An example of fault—diagnosis by the
system.
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