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Optimization of fault management system in power plants
based on DD-RCM and TPN
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Abstract: A method of optimizing the fault management system in power plants based on DD-RCM ( result-
chain based modeling for digital developing) and TPN (temporal Petri net) is proposed. First, the model of the
fault management system was set using DD-RCM. Then, it was transformed to the temporal Petri net model by
corresponding rules. Secondly, relationships among all the activities, such as choice, conflict, synchronization and
concurrency, were confirmed according to the Petri net model and described employing the reengineering
algorithm of incidence matrix. Thirdly, the Petri net model was reduced by combining reduction rules and
conflict, synchronization relationships to optimize the fault management system in power plants. Finally, the
functionality of the reduced net was proved by the temporal logic of the temporal Petri net.
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Fault management is a complex process which
needs to be optimized. First, a model must be set up to
do some effective simulation. Only in this way, can we
raise yield efficiency and guarantee product quality.

In this paper, the model of the fault management
system in power plants is discussed based on DD-
RCM and TPN. A method for optimizing the fault
management system is proposed. First, a model is
founded to supply a strategic view. Then, we trans-
form DD-RCM into a temporal Petri net which can
confirm choice, conflict, synchronization and concur-
rency relationships. All the relationships are described
using the reengineering algorithm. Finally, temporal
logic and the reengineering algorithm are employed to
optimize the model of the fault management system.

1 Fault Management System Description
Based on DD-RCM

DD-RCM contains four kernel elements'": activ-

ity (represented by a square box), result (represented
by a circle), influence (represented by a beeline ar-
rowhead) and supposing (represented by an equilater-
al hexagon). The benefit implement approach is fully
described using these four elements to form the result-
chain model. The basic logic of DD-RCM, concurren-
cy and choice, is detailedly introduced in Ref. [1].

DD-RCM is always employed to set up a model
in a complex process. Here, we take fault management
in power plants as an example to establish a model.

DD-RCM supplies a clear path for the whole
fault management system. It can describe the whole
process of benefit implement. In Fig. 1, all the useful
information is fed back to establish repair plan and is
recorded. We can adjust important parameters dynami-
cally through feedback, according to changes in strata-
gem, operations and environment etc.
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Fig.1 DD-RCM of fault management system
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2 Temporal Petri Net and Its Description
for DD-RCM

Temporal Petri net is a class of Petri net. Petri
net is a pair TPN = (PN, f), where PN is an ordinary
Petri net as defined in Ref. [2], and f is a mapping.

There are four elements in the result-chain mod-
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el. Result and activity can be marked as changing
transitions. Influence is the state after activity or tran-
sitions which can be represented as place. Supposing
can be denoted as one of the restricted conditions for
resources. Then, the temporal Petri net model trans-
formed from DD-RCM is obtained, shown in Fig. 2.
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Fig.2 Temporal Petri net model transformed from DD-RCM

If the description process is complex, the use of
the temporal Petri net can reduce the complexity im-
mensely. The temporal Petri net is a class of Petri net
which can represent indirect resource flows and con-
trol information.

3 Process Reengineering Based on Petri Net

3.1 Reengineering algorithm based on incidence
matrix of Petri net

There is a detailed introduction to the basic con-
cepts of the incidence matrix in Ref. [3]. Here, only
the reengineering algorithm based on the incidence
matrix is proposed in the following:

(D Search out all the source transitions, collection
transitions, source places, and collection places.

) Search out all the transitions with synchroni-
zations to form a table.

(3 Search out all the transitions with conflictions
to form a table.

(@ The source transitions, collection transitions,
source places, and collection places are not consid-
ered in the following four sub-steps. If there is not on-
ly one element that can be chosen, choose them to
form sub-Petri nets separately.

a) Begin with an element a;(a; = —1) from the
incidence matrix, which is not an element of any sub-
net.

b) Choose another element a,(a, =1).

c¢) Choose an element a,,(a,, = —1). If m =i, or
k =j, turn to (5. Otherwise, continue.

d) Choose an element a,,(a,, =1).If m=1i,or r
=j, turn to (5). Otherwise, back to c).

() If the row and column formed by all the cho-
sen elements have only one “ —1" or “1”, a subnet is

formed. Then go on to the next step. Otherwise, quit
and turn back to a).

(6 List this subnet and the correlation elements.
If all the start points are included, continue to the next
step. Otherwise, back to a).

(D Put the corresponding elements of source and
collection transitions into the subnets with some
sharing places.

Put the corresponding elements of source and
collection places into the subnets with some sharing

transitions.
(© All the non-zero elements not included in any
subnets must be distributed to the subnet with “ - 1"

having the same transition as this element.
3.2 Algorithm applications

First, the proposed algorithm is employed in the
Petri net model in Fig. 2 to obtain the incidence matrix
of the whole net and subnets. In Fig. 2, P, is a source
place; ¢, is a transition between input place P, and out-
put place P,. P, is a place having input transition ¢,
and output transition #,. t; and ¢, are collection transi-
tions. The rest may be deduced by analogy. The inci-

dence matrix of Fig.2 is obtained, shown in Eq. (1).
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algorithm, this net can be divided into seven subnets.
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Their incidence matrices are given as follows:
s s ty o ty o
Pao -1 0, Pa_—-1 0, Ps_ -1 0,Ps_ -1 0
p_.;[ 1 —1] ps[ 1 —1] po| +1 —1] pg[ +1 —1]
peb 0 14 plo 41 0o +tdp, Lo +1
Is s f i Iy Iy Is Iy Iy
P6[+1 -1 0] PQ[O +1 —1]P9[+1 -1 0]
plLo +1 —tl,pyl-1t 0o +1lp, Lo +1 -1
(2)
Eq. (2) indicates that the fault management sys-
tem is composed of seven independent activities. The
conflict and synchronization relationships can be
found in subnets.

In Eq. (2), if ¢, fires in the sixth subnet, it also
needs P,,. However, if ¢, fires in the seventh subnet, it
needs P,,. So, subnets six and seven have a conflict on
resource P,,. Subnets three, four and six have a con-
flict on resource P, with subnet seven. If #, fires, P, is
needed in the fifth net and P, is needed in the sixth
subnet. So, subnets five and six have a synchronization
relationship on resources. The rest are deduced by
analogy.

Conflict and synchronization tables are given in
Tabs. 1 and 2.

Tab.1 Conflict relationship

. The 3rd  The 4th  The 6th  The 7th
Places Transitions
subnet subnet subnet subnet
4 X
Py
ty x
1,
P, s X
1y X X X

Tab.2 Synchronization relationship
The 3rd The 4th The Sth The 6th The 7th
subnet  subnet subnet subnet  subnet
P, X
P, X

Transitions Places

Iy

Iy
Py, X

All the activities in the fault management system
can be properly planned to optimize resource configu-
ration according to the analysis of relationships among
subnets.

4 Reductions

As we know, state explosion is always one of the
important problems in Petri-net-based analysis. And
when reduced, relationships among all activities must
be considered'*™®. A method of reducing the places
and transitions of Petri nets, under the condition of
holding functionality, is presented to combat the above

problem.

The functionality will be described by temporal
logic formulae. These formulae are based on the same
variant of a prepositional temporal logic of linear time
as adopted in TPN'*7', The following formulae speci-
fy the functionality of the net shown in Fig. 2.

F, =o(P,=0P+ Py) (3)
Fy=o(( Pe+ P)=0P;+ Py P) (4)

The reduced net is shown in Fig. 3 by using re-
duction rules™ . And in the reduction, all the activities
properly avoid resource competition according to the
conflict table.
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Fig.3 Reduced Petri net of Fig.2

The reduced net has only six places correspond-
ing to eleven places in the original Petri net. The num-
ber of transitions is reduced to three from ten. In order
to meet the definition of reduction rules'”™", the func-
tionality of Fig. 3 must be proved to be the same as
Fig. 2.

Proof Three attributes PR, PR, and PR,'"" of
temporal Petri nets are introduced first:

(M,a) | =f+f yield (M a)|=0f

(M, o) | =(fi=05) *0(i=0f)
yield (M, a) ‘ =o(fi=0%)
(M, a) | =0(t;5,=01)

In order to analyze the net behavior, assuming

that there is initially a token in place P,, we have

(M, a) ‘ =o(P=1,) (5)
Combining Eq. (5) and PR, yields
(M, a) | =0(t;= 0 (Pg-Py)) (6)

Combining Egs. (5) and (6) and PR, and PR,,
we have
(M,a) | =0(P,=0(PgPy) (7)
(M, a) ‘ =0(( Ps+ Py)=(1515)) (8)
Eq. (8) and PR, yield
<M,OL> ‘ :((te't9)2>°(P7'P10'P1|)) (9)
Egs. (8) and (9) and PR, yield
<M’a> ‘ :D((P().Pg):><>P7'P10'P11) (10)
The net shown in Fig. 3 retains the external func-
tional behavior as indicated by Egs. (7) and (10) of
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the original net (shown as Eqgs. (3) and (4)). There-
fore, the Petri net of Fig. 3 is the reduced net of Fig. 2.

The model analysis will be much simpler and the
resources apply maximized after reduction. The fault
management is more effective.

5 Conclusions

This paper proposes a new method of optimizing
the fault management system in power plants by using
DD-RCM, temporal Petri net, the reengineering algo-
rithm of incidence matrix and reduction rules. The
contributions are given as follows: () Give a DD-
RCM model to grasp the whole benefit implement
paths. 2) Transform DD-RCM into the temporal Petri
net model to describe the relationships among all the
activities. (3) Employ the reengineering algorithm of
incidence matrix to form the conflict and synchroniza-
tion tables. @) Use reduction rules for the Petri net,
and avoid resources completion according to the above
tables, then, obtain a reduced net.
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