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Plant Alarm Signal Selection

Based on a Two-Layer Cause-Effect Model

The importance of plant alarm systems has grown with increases in the scale of plants and
the sophistication of plant monitoring and control systems. In this paper, a two-layer
cause-effect model is proposed that represents the cause-and-effect relationship between state
variables. Using the proposed model, a derivation algorithm of sets of pairs of alarm variables
and signs is proposed. The signs indicate the upper or lower limits of alarm variables. The
derived sets of pairs are theoretically guaranteed to be able to qualitatively identify all
assumed malfunctions. The proposed method using the two-layer cause-effect model was

applied to a simple process, and the simulation results illustrated the usefulness of the method.
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Nomenclature

A = set of set of pair of alarm variables and signs
c = assumed malfunction to be identified by alarm system
C =setofC

[ = state variable

n = number of alarm variables

P = pressure

L = liquid level

\Y = valve position

F = flow rate

Q = power set of S

S = measuring point

S =setof' S

z = assumed malfunction in a plant

Z =setofz

Subscript

p = pair

22

— — — —

— — — (R — — — —

|
—



Literature Cited

ANSI/ISA-18.2-2009 Management of Alarm Systems for the Process Industries

Engineering Equipment and Materials Users’ Association (EEMUA); ALARM SYSTEMS -
A Guide to Design, Management and Procurement Publication No.191 2nd Edition,
EEMUA, London (2007)

Luo, Y., X. Liu, M. Noda and H. Nishitani; “Systematic design approach for plant alarm
systems,“ J. Chem. Eng. Jpn., 40, 765—772 (2007)

Shibata, B. and H. Matsuyama; “Evaluation of the Accuracy of the Fault Diagnosis System
Based on the Signed Directed Graph”, Kagaku Kogaku Ronbunshu, 15, 395—402
(1989)

Takeda, K., T. Hamaguchi and M. Noda; “Plant Alarm System Design based on Cause-Effect
Model,” Kagaku Kogaku Ronbunshu, 36, 136—142 (2010)

23



R

Fig. 1 Example tank system

Fig. 2 Two-layer CE model of example tank system

Fig. 3 Propagation of abnormal situation

Fig. 4 Search of fault origin using two-layer CE model

Fig. 5 Reaction process

Fig. 6 Two-layer CE model for reaction process

Table 1 Sets of candidates for all pairs of alarm variables and signs

Table 2 Sets of pairs of alarm variables and signs for each pair of origin variable and signs
Table 3 Results of alarm variables selection

Table 4 Pairs of alarm variables and signs for distinguished pairs of origin variables and signs
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d
Distinguished pairs of origin variables and signs: [F1+, F1—, L+, L—]
Pairs of measured variables and signs: {F1+, F1—, F3+, F3— L+, L—}
Fig. 4 Search of fault origin using two-layer CE model
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Fig. 6 Two-layer CE model for reaction process
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Table 1 Sets of candidates for all pairs of alarm variables and signs
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Table 2 Sets of pairs of alarm variables and signs for each pair of origin variable and signs

Distinguished
Sets of alarm p al.rs.of Ses 0fpg1rs of
. origin alarm variables
variables . .
variables and and signs
signs
F1[+] {F1+,F3+,L+}
F1[-] {F1-F3—L-}
TEE i e
L[] {F3—L-}
F1[+] {F1+,L+}
FI[-] (Fl-L-}
FLL L[+] {L+}
L[] L}
F1[+] {F1+F3+}
F1[-] {F1-F3—}
FLF3 L[+] {F3+}
L[] {F3—}
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Table 3 Results of alarm variables selection

Number Number of sets

of alarm of alarm
variables variables
3 7
4 36
5 80
6 100
7 76
8 35
9 9
10 1
Total 344
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Table 4 Pairs of alarm variables and signs for distinguished pairs of origin variables and
signs

Dl.st'mgulsfhed pairs Of Pairs of alarm variables and signs
origin variables and signs

F2[-] F2—

P1[-] F1-, F2—

P1[+] Fl+ F2+

VA[-] F2+, V4—

VA[H] F2—, V4+
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