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Abstract − The new reliability assessment methodology using directed graph is presented. The new methodology is a suc-

cess-oriented system reliability assessment technique. The system is modeled by directed graph, which is composed of nodes

and arcs. The component of chemical process is classified by functional relation and operational type. The node has four classes,

which are function, operation, logic and aid node. The node can be used to model the operation and failure of physical equipments.
The system reliability assessment can be evaluated by sequential analysis of the directed graph. The example of transfer system is

given. The new methodology has proved to be a valuable and useful method for system reliability assessment.
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1. � �

��� ��� �� ��	 
��
��, ����� � ���� �

��� ���   !"� #$%& '(� �)*+,-. !"/� 0

��#$(Probabilistic Safety Assessment: PSA)*+� 1�. PSA� 1

23 45 67� �)*+� �89: 1,;, <=>? ���� '

(� �)*+,- @A�B)(Fault Tree Analysis: FTA)� CD�,

- E89F�. FTA& 1962G HI J��K��� Watson� �� H

L�M HEN
E O2���� 0��#$ K�P Q� :0	 R�

STUVBW�3 
��XY, ����� �� XY���>? �Z[

BW� 0��#$� �89: 1�.

\5; FTA�3& ��E�(top event),- ���� ]� E�� %

;^� _�  � `:, fault tree(FT) a�� �)�� bc� de-

%f, g����� hi�� FT� ��� 2jk l �� mOl� 1

�[1-4].

no3 p K��3& FTA�3 q�%& r�s& �t ���� �

T!"� #$  � 1:, �u� no h%& '(vP #$  � 1

,f, k��� k�wa� �[ E:P xy  � 1& z-k '(�

#$�+� {
%|�. z-k �+} �~� Q��#$ ��m$v

�� E8  � 1v� ��� ��- ��92 1& ��\��- �

��%|:, T���v� ��- ��� �<%|�.
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2. ����	 
�� 
�

2-1. ����� ��

��T�} \ :�� r�� ��%� Q� � �B� ��� ��

  � 1& �p �QT�,- ��92� 1�. �, � �QT�� �

�� \ �� �� 4�� no �� ��T�� ��$ ���� '(

�� $?: 1&?P #$  � 1�. �P ��,  O � �QT��

'(�� #$%:, � �QT�� w¡� nt �� ��T�� '(

�� �¢  � 1�. £[ ��T�� '(�� ¤�� Q� � �QT

�� '(�� ���¥& *+¦M �Lo �QT�� w¡� {_%

& *+� §  �v 1�. no3 ��\��P �8[ z-k '(�

#$�+� {
%� Q� ��T�� �¨� © $?- B7%|�[5].

2-1-1. ��T�} \ :�r�� ��%� Q� ª��� ��� 


«%& %�T�,- ��

��T�} ¬�Q� ��� ��%� Q� ­®, x¯, B°, ±® �

� �pT�s �²°³T� ´ µ¶���,- ��92 1�. ��T

�� '(�} � �QT�� '(�� 6¡%4 �<9f £[ � �

QT�� '(�} \ ��� ��%& � �·®¸� '(�� ��

@�	�.

no3 ��T�} \ :�� ��� 
«%& �pT�,- �B%

:, �B	 T�� ¹ º ªB�%4 ���� ®¸(e�)- B7%|�.

Fig. 1} ��T�� \ ���- ªB�, »¼�[ »½v�f, �pT

�} �� �¨s ¾� �B  � 1�.

¿ 
À­®T�

Á ��ÂÃ� Ä¡ ´ x¯T�

Å B°T�

Æ �ÇT�

È OÉ­® ´ ±®T�

Ê �²°³T� ´ �·Ë�

2-1-2. ��T�� ��%& ®¸& �E[ aÌ�Í ´ k�ÎÏ�

no B7

Fig. 2� ¾� � �QT�} Ð�, x¯�� ¾� T�,- �Ñ9&

ÂÃ� ��P h��Ò � 1& e�� Ó��� ¾� �ÔÕ T��

@¡�wP ;Ö×& e�- �B  � 1&Ø ��P T�� ��e

�(component)o %: R�P ���e�(non-component)o [�. \

°: ��e�& aÌe�(operational component)� ��e�(functional

component)- B7  � 1�.

ÙÚ, Ð�, ÛÜ�� ¾� ÝÞ wa� $�[ ®¸P aÌe�o %

f x¯�, B°�, ßàá�� ¾� aÌe�P wa[ @s \ â��

�P h��¥& ®¸P ��e�o [�. � iU Ð�, ÛÜ� �s

¾� �� �'� ÝÞ aÌ[ @s ��� ��%& aÌe��f Ì�

� ��� $ã �Ì� ��e�(active functional component)� x¯�

, B°� �s ¾� aÌe�$ �ä �Ì� ��e�(passive functional

component)- B7  � 1�. Nx�,- ÙÚ& 2å[ ��v ��

%? æ& aÌe�- B7%; çÛÙÚ � ��� ��%& ÙÚ&

�Ì� ��e�- B7  � 1�.

2-2. �	
��
 �� ����� ��

��T�� �� �<%� Q� T�� ��e�P ��(node)-, �

��e�P ��(arc)- %4 ÂÃ� ��*�,- ��\��- �<

%f �P Q� �¨s ¾} $�� %|�.

2-2-1. �²°³T�} VT�s èé%4 §ê

��T�} VT�s ë° VT�s& èé%4 1?M ¶»P H¸

: 1& �²°³T�� $?: 1�. \ �²°³� ¶[ wa} Nx

�,- ��� 1& Ô3- wa� ��?: 1& iU$ ì�. no3

p K��3& VT�s B°%4 §ê%: 1,í- �²°³T�}

\���� �<9? æ&�. \5; aÌe�� �·%& �²°³�

g�3& ‘�²°³ Ñ�’ �o& î� $�%4 �Ñ�'ï- aÌ�

�P �<[�.

2-2-2. ��T�� ��\��- �<

Nx�,- ��T�} ��� ��*�� � Ó��ð� ��� 1

:, ñ7*?®¸P E8%4 ñ7P *?%& �wP $?: 1& î

� ì�. no3 Fig. 2� ¾� ��T�} Ó��� ��*�� ���

�(arc)-, T�� ��e�P ��(node)- �<[ ��\��- ��

�  � 1�. � ��\���3 Ó�� ×� ��& *��� $?&

î,- ÂÃ� �Ì} �N*�,- C& î,- %f, Ñ���� â

���$ ÌN[ ��; ÌN� Ñ�� â���P $ã 2{� ��&

ò=%? æ& î,- [�. Mó �� ¾} ��$ ò=%� 9� \

��� $ã ]�[ ��P q$%& î,- C� �Ô[ ��\��

P E8[�.

3. ��� ��� ���� ��

�ò� FTA& �u� isP xy  � `,f FTa�� 2jô�

1: �)�� no �t @sP vâ  � 1,í- vâ	 !"� '

(�� õ2ã�. no3 �5[ mOl� Cö%� Q� z-k '(

� #$�+� {
%|�. p �+} ��v� �[ ���� �<*+,

'ï� ��� q�%& �)*+� 123 Go Methodology[6-8]�

Go-Flow[9, 10]� �E%; ��	 ��, �u� �<*+ ´ ���&

pÃ�,- �÷�.

Fig. 1. Classification of chemical process.

Fig. 2. Components of chemical process.
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p �+} ���� ���,- aÌ%& î� B)%� Q� ��T

�� ��e�� ���e�- �B%4 T���vP �ø,- Fig. 2

� ¾� ��e�P ��-, ���e�P ��- �<[ ��\��-

���%f � ��\��P ÔÏ�,- �)%4 �� ���� '(

�� �¢%& �+��. £[ ��\��& ���� ��� ;Ö×í

- T���vP \g- ��\��- ���  � 12 �t �+[1-

4, 6-10]� �� '(�#$ ��m$v �� Þù  � 1�.

3-1. �� � ��

��T�� ���e�� µ¶, �6 »®Ë�� 'ï � T�� �

�*�� ��\��� ��- ��%f, ��& 'ïP $?: 1&Ø

'ï� ò=ú  O- ��� 1& iU ¦M �Lo �P $��� �

H[�. VÑ�'ï& V- Â°� ��� ;Ö×:, ®¸� Ìa]�

� nt Ì�� #$� �u� is� nt '(� h�P #$%� Q

� E89& �Ñ�'ï& aÌ��� Ìa'ï ´ �u� isP �

H[�. £[ 'ï� ûv& 'ï$ ò=  !" �, '(vP ;Ö×í

- VÑ�'ï� Ìa'ï� �Ñ�'ï� ûv& ‘1’ �%�2W [�

. \5; �u� isP ;Ö×& �Ñ�'ï& K·�u E��  O

�u� ;Ö×í- ‘1’C� ü ý� $Ã � 1�.

»®���� iU VÑ�'ï$ ‘0’� �þ iU »®���� VÑ

�'ï& ‘1’- V2ã�. �, »®���} VÑ�'ï$ ò=  iU

\ ��� ��%í- »®���� VÑ�'ï& ‘1’- Ñ�	�.

3-2. ��� ��

���� '(�} �u� no h%� ÿm� �u� is� nt

'(�� �¢%� Q� �u� '(�#$� xy  � 1& *+�

��%4W [�. Go-Flow[9,10] *+� iU �u� g[ y�� #$

%� Q� ‘time point’P ��%4 �u� ��� '(� #$� :j

%|�. \5; p �+}  O �u� ��%? æ: �u� Ô3P �

�%í- �u� {�� ��%&Ø 2jô� 1�. no3 p K��

3&  O �u� xy%� Q� ���� ���l� �ø,-  O

�u� ��R u�,- ‘�u� is’P ��%4  O �u� xy%

|�. �, p �+� E8	 �u� is& #$%:� %& �l� �

us �� #$�l E�� �uu�� �Ñ�'ï ‘T’- ;Ö×F,f

� �uu�� ¡  iU �� �u� 	�. no3 ���l� �ø,

- '(�� #$  �l�  O �u>? �uu�� ªB%�  �

u� nt ���� '(�� �¢  � 12 ���� �Î[ ���

C��l �¢� ½[ �*l��  �  � 1�.

3-3. ��

��T�� ��e�� ��e�� aÌe�P �ø,- ��\��

- ���  iU, Fig. 3s ¾� ����� aÌ��- �B  � 1

�. ��e�& x¯�, B°�, ßàá� � aÌe�P wa[ @s

â���P h��¥& ®¸�í- k���- �� ��e�P ��

%:, aÌe�& Ð�, ÛÜ�, ÙÚ � aÌ'ï� �� k�9& ®

¸�í- g���, �Ì��, k��� ´ ½¡��- ªB�%4 �

�%|�.

��T�� ��e�� aÌe�P ��\��- ���%& iU �

��P �°�,- Þ·%4W %&Ø �P Þ·%� Q� �°��P

��%|:, �°���& � ��$ Ì�� '(�� !C%4W %&

AND gate, � Ñ�'ï	 1{ ��� '(�� !C%4W â�'ïP



%& OR gate \°: g����� �s�,- ���%� Q[

NOT gate- �B  � 1�.

£[ ���� '(�� �s�,- B)%� Q� ��\��� a

Ì��� aÌ'ïP 

�¥& 'ï

��, C����P  �%

|� iU �u� is� nt '(v h�P �¢%& ���� ´ �

��� !®�� :j%� Q[ !®��P ��%|�.

��& �p�,- VÑ�'ï, �Ñ�'ï ´ â�'ï ª 67�

Ñ�â� 'ï- K@9f VÑ�'ï� �Ñ�'ï-�� �Î[ â

�'ïP 

�
�. �Ñ�'ï- aÌ��� aÌ'ïP 

�¥:,

����, aÌ�� ́  ?
��� �uisP 

�� �uis� n

t ���� '(�� �¢  � 1� [�. £[ ���, �� � �²

°³& sub system,- B°%4 ���� '(�� #$[ R main

system� ��- Ñ�%4 ������ '(�� �¢  � 1,f, �

��� â�ûv�} Table 1s ¾: ��\�� �� a�� E89&

��} Fig. 4� ¾�.

��T�� � ®¸& g�, �Ì, k���- Ì�� ��P �B 

� 1&Ø �� ���� Ì�� ]�� #$%� Q� N��l�3

®¸� Ì�� 'ïP 

%& g�, �Ì, k�, �� ´ ½¡��P

��%|,f � ��� ]�} �¨s ¾�.

3-3-1. g���

� ��& SBN(stand by node)- ��%f ��� g�	 �, VÑ�

'ï S(t)$ ò=%? æ� iU ®¸� :®� ���[�. ��T�}

K·����� ÿm� 1{� ®¸$ :®� iU ������ �?

� � 1,f �P =�Ì  iU ì} i�$ �e	�. no3 Ð�,

ÛÜ� � Ve®¸� g�3& g�®¸P Ë¸%&Ø �5[ g�®

¸$ ����� '(�� H¸& y�� #$%� Q� g���$ d

e%�. �, ��\�� �� a�� g�®¸& g���P �8%4 �

��%í- �O���� '(�#$� H¸& y�� #$  � 1�.

g���& 1{� VÑ�'ï� �u� isP ;Ö×& �Ñ�'ï

‘T’-�� 1{� â�'ïP 

�
�. ���� '(�#$P Q�

$® U_�,- !C92W %& î} Ë�� '(� Ø���Ø p

g���& g�	 �Q�u� ®¸� :®"� de- [�.

3-3-2. �Ì��

� ��& SUN(start up node)- ��%f ���� ���Ì� ���

[�. ��T�� ��e�	 ÝÞ wa� $�[ Ð�, ÛÜ�, �ÌÙÚ

� aÌe�� �� �Ì� �Ì'(�� #$%� Q� ��	 ����. 

1{� VÑ�'ï� 1{� �Ñ�'ï� �Ì'ï-�� â�'ïP



�¥&Ø aÌe�� �Ì '(vP ;Ö×f �T�,- aÌ 

!"s aÌ'ï$ 

9� �� H° aÌ  !"� g[ '(� Ø

��P de- [�.Fig. 3. Classification of node.
���� �41� �3� 2003� 6�
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3-3-3. k���

� ��& OPN(operation node)- ��%f ��T�� ��e��

x¯�, ßàá� � ��e�� Ð�, ÛÜ� � aÌe�� k�	 :

®� ���%&Ø E8	�. k�	� ®¸� '(�� #$  � 1

,f �u� is� no '(� h�P �¢  � 12 ���C� �

l� @�  � 1� %& ñ � ��[�.

1{� VÑ�'ï� �u� isP ;Ö×& �Ñ�'ï ‘T’-�� 1{�

â�'ïP 

�¥f �Q�u� ®¸� :®" Ø��P de- [�.

3-3-4. ����

� ��& g�	 N�[ �l�3 ���C�P  �%|� ÿ '

(� h�P ���%&Ø PRN(prevention node)- ��	�. 2� �

u(tr)�3 ��P  �%4 ®¸$ ���,- aÌ%& iU �u�

is� nt '(v ç�P ®¸� �¨ ��- ���¥í- Ñ�'

ï ‘T’& ���l tr�3 ‘0’� 	�. �, �uis ‘T’& g����3

��[ ‘T’� �t �HP ?L: 1&Ø �����3 ‘T’& ¬6 �

��C��l,-�� �u� isP ;Ö��.

3-3-5. ½¡��

Ð�, ÛÜ� �s ¾� g�®¸P C�%: 1& ���} k�	

� ®¸$ :®� iU g�®¸$ �� k�� $�%4W �� ��

�� '(�� !C  � 1�. no3 �5[ g�®¸P C�[ ��

�� #$%� Q[ g���� �Ì��� ½¡Í ´ ��k�,-�

� '(� ç�P #$%� Q[ ���Ìs k�	 :®� ½¡Í�

��%|�.

(1) Stand by & start up node

� ��& g����3 ���Ì��>?P ���%& î,-

SSN(stand by & start up node)- ��9f, VÑ�'ï S(t)$ ò=%? æ

� iU �u� is� nt :®s ���Ì '(�� ;Ö×& ��-

�T�,- aÌ  !"s H° aÌ  !" ´ g�	 �Q�u� ®¸

� :®"� g[ '(� Ø��P de- [�. � ��& k�	� ��

�� :®� iU g����� k�9í- �� ���� '(�� ��

�Ò � 1& g����� 1& ��� �)� E8� � 1& ����.

(2) Start up & operation node

� ��& ���Ì��-�� k�	 :®� ���%& î,-

SON(start up & operation node)- ��9f, ���Ì '(�s VÑ�'

ï S(t)$ ò=  iU �u� is� nt :®� ;Ö×& ��- ��

�� ��k�,-�� �u� is� nt '(� h�P �¢  � 1

�. ®¸$ �T�,- aÌ  !"s aÌ'ï$ 

9� �� H° a

Ì  !" ´ �Q�u� ®¸� :®" Ø��P de- [�.

(3) Prevention & start up node

� ��& g�	 N�[ �l�3 ���C�P  �%: N��l

Table 1. Summary of the function of nodes

Node type Main input signal intensity Subinput signal intensity Output signal intensity

OPN S(t1), ..,S(tn) T1(t1),.., T1(tn)
T2(t1),..,T2(tn) 

... 
SBN S(t) T1(t1),..,T1(tn)

T2(t1),..,T2(tn)
... 

SUN S(t) P(t) R(t) = S(t) · C�t)
C�t1) = Pp

C�t) = C(t' ) + [1.0−C(t' )] · P(t) · Pg
SSN S(t) T1(t1),..,T1(tn)

T2(t1),..,T2(tn)
... 

P(t)
SON S(t1), .., S(tn) T1(t1),..,T1(tn)

T2(t1),..,T2(tn)
... 

P(t)

×min[1.0, R1(tK)/R1(t)]}

R1(t) = S(t) · C(t)
C(t1) = Pp

C(t) = C(t' ) + [1.0−C(t' )] · P(t) · Pg

OR S1(t), .., Sn(t) - R(t) =

AND S1(t), .., Sn(t) - R(t) =

NOT S(t) - R(t) = 1−S(t)

PRN S(t) T1(t1),..,T1(tn)
T2(t1),..,T2(tn)

... 
PSN S(t) T1(t1),..,T1(tn)

T2(t1),..,T2(tn)
... 

P(t)

R t( ) S t( )exp{ λ Ti tK( ) min 1.0 S tK( ) S t( )⁄,[ ]}×
tK t≤
∑

i
∑⋅–=

R t( ) S t( )exp{ λ Ti tK( )}
tK t≤
∑

i
∑⋅–=

R t( ) R1 t( ) PP 1 PP–( ) P t( ) Pg⋅ ⋅+[ ]⋅=

R1 t( ) S t( )exp[ λ Ti tK( )]
tK t≤
∑

i
∑⋅–=

R t( ) R1 t( )exp{ λ Ti tK( )]
tK t≤
∑

i
∑⋅–=

1 1 Si t( )–{ }
i 1=

n

∏–

Si t( )
i 1=

n

∏

R t( ) S t( )exp{ λ Ti tK( )]
tK t≤
∑

i
∑⋅–=

R t( ) R1 t( ) PP 1 PP–( ) P t( ) Pg⋅ ⋅+[ ]⋅=

R1 t( ) S t( )exp[ λ Ti tK( )]
tK t≤
∑

i
∑⋅–=

Fig. 4. Symbol of node. 1: Node type, 2: Node number
HWAHAK KONGHAK Vol. 41, No. 3, June, 2003
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Fig. 6. Directed graph of transfer system.

Table 2. Reliability data used in the transfer system

Equipment Data

Pump Probability for successful operation 0.99980
Failure rate on operation 0.0000071/h
Failure rate on stand by 0.0000036/h

Motor operated valve Probability for successful operation 0.99977
Failure rate on operation 0.00000136/h
Failure rate on stand by 0.00000068/h

Pressure sensor system Failure rate on operation 0.0000004/h
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S : main input signal intensity

P : subinput signal intensity 

R : outinput signal intensity 

λ : failure rate

T : time interval 

t : time 

t1 : initial time 

tK : time before the time [t]

t' : time immediately before the time [t]

tr : prevention time 

C : probability for operation

Pp : probability for premature operation

Pg : probability for successful operation
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