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1. Introduction 

 
A circular logic or a logical loop is defined as the 

infinite circulation of supporting relations due to their 

mutual dependencies among the systems in the Fault 

Tree Analysis (FTA). While many methods to break the 

circular logic have been developed and used in the fault 

tree quantification codes, the general solution for a 

circular logic and its breaking methods are not generally 

known as yet. This paper presents an analytic solution 

for circular logics in which the systems are linearly 

interrelated with each other. Then, a general treatment 

of circular logics is discussed. To formulate the analytic 

solution, the relations among systems in the fault tree 

structure are described by the Boolean equations. The 

solution is, then, obtained from the successive 

substitutions of the Boolean equations, which is 

equivalent to the attaching processes of interrelated 

system’s fault tree to a given fault tree. The solution for 

three interrelated systems and their independent fault 

tree structures are given as an example. 

 

2. Analytic Solution 

 

2.1 Deduction of the analytic solution 

 

If the “n” numbers of systems constitute circular 

logics with linear dependencies, the following equations 

can be written for N interrelated systems in terms of the 

Boolean expression. 
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where Si, ci, and aij are a total failure events of system 

i, basic events representing an independent failure of 

system i, and common events causing the failure of 

system i, respectively. + and · operations in Eq. (1) 

mean “OR” and “AND” operation of Boolean algebra 

respectively. 

Eq. (1) can be solved by a component wise matrix 

form as shown in Eq. (2)[1]  
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Where the term δj is determined by the fault tree 

analyst depending whether the self recursion terms have 

a meaningful event set or not. The assignment of a value 

for δj is given as follows:  
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2.2 Application for three interrelated systems 

 

We show a simple example for fault tree structure of 

three interrelated systems. 
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Figure 1 solution for three interrelated systems 

 

The analytic solution for the three interrelated 

systems is provided from Eq. (2) by letting n=3. 
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For system 1, the following Boolean equation will be 

obtained by letting i=1 and expanding summation 

convention for each index as follows.  
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From Eq. (4), the independent fault tree of system 1 

can be constructed as shown in Fig. 2. As shown in Fig. 

2, for three interrelated systems, two attaching processes 

are needed to eliminate the dependencies. At each 

attaching step, the self recursion events should be 

handled properly according to their physical meaning on 

the system failure 

 

3 Treatment of Circular Logic 

 

When a system is modeled by mathematical way, 

initial conditions for the system are necessary to know 

the evolution of the system status. However, in a fault 

tree model of the systems, initial condition is not 

explicitly given for the development of sub-system or 

component. These approaches do not mainly invoke 

critical problem when a system is independent on any 

other system. However, when a system is coupled with 

other systems to make circular logics, the initial 

condition may be important factor to determine the 

system’s failure event. If a fault tree for a system is 

developed, the fault tree can have a two initial condition, 

that is, a standby state or running state. We have divided 

these two cases and the treatment methods of circular 

logic are explained separately. 

 

2.1 When a system is in standby 

 

Figure 2 shows a circular logic extracted from the 

Ulchin 3&4 PSA model, so called PRIME-U34i.[2] 

This circular logic is for AAC DG (diesel generator) 

failure event.  

 
Figure 2 Circular Logic for AAC DG Standby 

failure    
 

The circular logic of figure 2 is composed of the 

following sequences. PCS (plant control system) do not 

give signal to AAC DG. PCS is failed by EPS (electric 

power supply) for PCS. The electricity to PCS can be 

supplied by two ways. One is battery and the other is 

480V MCC (motor control center). Then, 480V MCC is 

failed by AAC DG. In a real situation, AAC DG cannot 

receive actuation signal if battery does not give 

electricity to PCS. If the terminal gate of AAC DG 

failure is considered as an initial condition, this circular 

logic can be solved easily as in a real situation. Since 

the AAC DG is in standby, that is, in a false state, the 

AAC DG failure event at the terminal of the fault tree 

give false event condition. In a Boolean algebra, this 

means that the AAC DG failure event is treated as 

universal event. By this treatment, the circular logic can 

be broken and the fault tree can describe real event 

situation. 

 

2.2 When a system is running 

 

Figure 3 shows a circular logic extracted from 

PRIME-U34i.   
AAC DG-01E POWER

GENERATION

FAILURE

GEGDG01E

Page  77  415

OPERATOR FAIL TO
START AAC DG-01E 

CONNECT AT 1E

4.16KV BUS
EGOPHDG01E

1.02e-2

CCF OF AAC DG-01E

GEG01ECCF

AAC DG-01E FAILS TO
START

EGDGS01E

4.49e-2

AAC DG-01E FAILS TO
RUN

EGDGR01E

5.76e- 2
2.4e-3/h

 24

AAC DG-01E
UNAVAILABLE DUE TO

MAINTENANCE

EGDGM01E

4.1e- 2

FAILURE OF SUPPORT
SYSTEM FOR AAC

DG-01E

GEGAACSUP

AAC D/G PCS Fai lure

GAACDG-PCS

LOSS OF DG ROOM

COOLING FOR DG01E

GEGHVAC01E

POWER UNAVAILABLE

FROM AAC BATTERY

BT01E (BROKEN

LOOP)
GED01EBRK

Loss of Room Cooling

for AAC 1E DG- 01E

GHDDG01E

Fai lure of AH15E  16E

for DG-01E

GHD-15-16E

Page  415

Fai lure of AH17E  18E

for DG-01E

GHD-17-18E

Failure of AH19E  20E

for DG-01E

GHD-19-20E

Failure of AAC

DG-01E H igh Volume

Supply Fan AH15E

GHDSUFAN15E

Fai lure of DG-01E

High Volume Exhaust

Fan AH16E

GHDEXFAN16E

High Volume Supply

Fan AH15E Fai ls to

Start

HDABS15E

6.e-4

High Volume Supply

Fan AH15E Fail s to

Run

HDABR15E

2.194e- 4

9.14e-6/h

 24

CCF of AH15E

GHD-CCF-15E

Fai lure of Support

Systems for AH15E

GHD-AH15E-SS

High Volumn Supply

Fan 15E Unavai lable

due to Maintenance

HDABM15E

2.54e-3

2.19e-5/h

 116h

Loss of Power AT AAC

DG 480V MCC Bus

MC02E

GEM02E

Start Signal Failure

for AH15E

GHD-AH15E-S

LOSS OF POWER AT

AAC 480V LOAD

CENTER BUS LC01E

GEL01E

AAC 480V MCC BUS

MC02E FEED BKR

OPEN SPURIOUSLY

EMLBIMC02E

1.2e- 5

5.e-7/h

 24

FAULT ON AAC 480V

MOTOR CONTROL

CENTER BUS MC02E

EMBSYMC02E

3.336e-6

1.39e-7/h

 24

LOSS OF POWER AT

AAC 1E 4.16KV BUS

SW01E

GEK01E

AAC 480V LC01E XFMR

TR01E FEED BKR

OPEN SPURIOUSLY

EKHBITR01E

1.44e-5

6.e-7/h

 24

AAC 480V LOAD

CENTER XFMR TR01E

FAILS WHILE
OPERATING
ELXMYTR01E

1.68e- 5

7.e-7/h

 24

AAC 480V LOAD

CENTER BUS LC01E

FEED BKR OPEN
SPURIOUSLY
ELLBILC01E

1.2e- 5

5.e-7/h

 24

FAULT ON AAC 480V

LOAD CENTER BUS

LC01E

ELBSYLC01E

3.336e-6

1.39e-7/h

 24

FAULT ON AAC 4.16KV

BUS SW01E

EKBSYSW01E

3.336e-6

1.39e-7/h
 24

AAC 4.16KV BUS

SW01E FEED BKR
FROM AAC DG- 01E

FAILS TO CLOSE
EKHBCDG01E

3.e-4

AAC DG-01E POWER

GENERATION
FAILURE

GEGDG01E

 
Figure 3 Circular Logic for AAC DG running 

failure 

 

The circular logic of figure 3 is composed of the 

following sequences. HVAC (Heating, Ventilation & 

Air Conditioning) is failed to give room cooling for 

AAC DG by EPS. EPS is failed by AAC DG failure. In 

a real situation, AAC DG can be started without HVAC. 

As in the case of previous section, if AAC DG failure 

event in the terminal gate is treated as null event, the 

fault tree can describe real situation. 

 

3. Conclusion 

 

This paper presents an analytic solution for circular 

logics in which the systems are linearly interrelated with 

each other. Then, a general treatment of circular logics 

is discussed. We expect that if an initial state of a 

system is incorporated into the fault tree model, an 

autonomous treatment of circular logic in a large fault 

tree can be easily done. 
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