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Abstract

This paper takes aim at the reliability evaluation by application of Fault Tree Analysis and its
computerization.

FTA is one of the methods for evaluation of system reliability and safety analysis.

The important characteristic of this paper is that computer program is written in the package
program{dBasell +) by 16Bit/AT personal computer.

The program consists of three program segments.

(1) The minimal cut sets of the system fault tree are obtained by means of “Fault tree reduc-
tion algorithm™

(2) The minimal path sets are obtained by inversion of the minimal cut sets determined from
fault tree.

(3) The importance of the basic events which are presented in the minimal cut sets is obtained
by means of structural importance analysis.

In this paper. a Fault Tree Analysis is applied 'to a BAG FILTER which is a kind of dust

collector.
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<%-% 1> OUTPUT LIST

* %k

minimal cut set index

—_

Minimal cu

sets list % *

basic event

1
2

0 N A w

x1
x4
x2
x6
x5
x4
x6
x5

* x8
*x3
% x7
*x8
* x9
*x7
*x9

* x8

% x9

% % Minimal path sets list * %

basic event

minimal path set index

1

2
3
4
5
6

x1
x1
x1
x1
x1

x1

*x2
*x3
* x2
*x2
*x3
*x3

* x4
* x4
*x8
* x4
*x8
* x4

* x5
* x5
* x9
* x5
*x9
* x5

* x6
* x6
*x10
*x7
*x10
*x7

* % Structural importance analysis using critical path vector * %*

structural
structural
structural
structural
structural
structural
structural
structural
structural

structural

importance of x 1=111/(2% %9)

importance of x10=
importance of x 2=

importance of x 3=

importance of
importance of
importance of
importance of
importance of

importance of

x 4=
x5

X

39/{2% %9)
37/(2% %9)
37/(2% *9)
63/(2% *9)
63/(2% *9)
21/(2% %*9)
21/(2% %*9)
39/(2% %9)
= 39/(2% *%9)

H-E& 2> PROGRAM LIST
* type main.prg

set bell off

*

* Fault tree analysis using PC program

%

set talk off
set safety off
clear all
select b

use examl
select a

use sample index isample



h="top event”

*

% screen edit

*

do usel

append blank

replace event with “top”, calcul with top. gate with g select b
a=at(“+", top)

if a<>0
b=(len(top)+1)/5
x==0

do while x<b
append blank
replace cut with substr{top,5%x+1,4), len with 4
x=x+1
enddo
else
append blank
replace cut with top. len with len(top)
endif
go top
clear
no=" "
@ 5,5 say “Total number of basic event?” get no
read

no=val(no)

K=" 4"
do use 7
*

% basic .event elimination of duplication for minimal cut sets
*

do use 3

*

*minimal cut sets sorting

*

select a

use sort index isort

select b

do use 5

*

* basic event elimination of redundancy for minimal cut sets
*

do use 4

*

*inversion of minimal cut sets

*
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select a

use sample index isample

find “top”

aa=5% (int(len{trim{calcul))/5))+4—len(trim(calcul))
top=trim{calcul) +space{aa)

select b

use exam 2

a=at(“*", top)

if a<>0
b=(len(top)+1)/5
x=0

do while x<b
append blank
replace cut with substr(top, S¥x+1,4), len with 4
x=x+1
enddo
else
append blank
replace cut with top. len with len{top)
endif
go top
kk="%"
do use 7
*
*basic event elimination of duplication for minimal path sets
*
do use 3
%
*basic event elimination of redundancy for minimal path sets
*
do use 4
*
*minimal path sets sorting
*
slect a
use sort index isort
select b
do use 5
*
* making of station table
*
select a
use state index istate
a=2% %kno—1
x=0
do while x<a+1



THREEREIE $12& F208 1989F 11A 15
z=x
y=0
do while .t.
b=int(z/2)
c=z—2%b
y=y+1
if y=1
d=str(c, 1)
else
d=str{c,1)+d
endif
if b=0
exit
else
z=b
endif
enddo
e=no—y
if e<=0
2=0
do while z<0
d="0"+d
z=z+1
enddo
endif
append blank

replace st with d

x=x+1
enddo
go top
*
% calculation of critical path vector
*
do while .not. eof( )
select b
go top
do whicle .not. eof( )
d=(len+1)/5
x=0

do while x<d
e=substr(cut, S5%x+1, 4)
f=vallsubstrle, 2,3))
if substr(a— >st, f, 1)="0"
exit
endif
x=x+1
enddo
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if x=d
replace a— >t with “1”
exit
endif
skip
enddo
if eof( )
select a
replace t with “0”
select b
endif
select a
skip
enddo
go top
x=1
do while x<no+1
y=0
d=0
locate next 20000 for substr(st, x, 1)="1"
do while .t.
if eof( )
exit
endif
b=recno( )
if t="1"
if x=1
c="0"+substr{st, 2, no—1)
else
if x=no
c=substr(st, 1, no—1)+"0"

else
c=substr(st, 1, x—1)+"0"+substr(st,x+1, no—x)!

endif

endif
find & c
if t="0"

il y=0
d=1
y=y+1

else
d=d+1

endif
endif
endif
go b

continue
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enddo
if x<10
e="x"+str(x,1)
else
if x<100
e="x"+str(x,2)
endif
endif
& e=d
x=x+1
g0 top
enddo
use out index lout
x=1
do while x<no+1
if x<10
e="x"+str{x,1)
else
if x<100
e="x"+str(x,2)
endif
endif
append blank
replace xn with “&e”, nn with &e
x=x+1
enddo
set print on
set console off
set device to printer
select b
%
*report generation
*
do use 6
set print off
set console on
set device to screen
delete all
pack
use state index istate
delete all
pack
close database
type use l. prg
*
*screen edit
*
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public top, g, f
store “ "toa b, c d, e

"

g=

@5,5 to 16,60

@7,7 say “Number of event which occurred “+h+":"get {: picture “W"

@9,7 say “Which gate is using?"” get g picture “aax”

@12,7 say “event list”

@14,10 say “1" get a

@14,20 say “2

@14, 30 say “3
“4
“5

»

get b
get ¢
get d
get e

@14,40 say “4
@14, 50 say
read

if upper(g)="AND"

do case

3
"
3

»

case ="1"
top=a
case {="2"
top=a+“%"+b
case {="3"
top=a+"*"+b+"%"+c
case f="4"
top=a+“*"+b+"“*"+c+“*"+d
case f="5"
top=a+“*"+b+"“%k"+c+“*"+d+"%"+e
endcase
else
case
case {="1"
top=a
case {="2"
top=a+“+"+b
case {="3"
top=a+"+"+b+"“+"+c
case f="4"
top=a+“+"+b+"“+"+c+"“+"+d
case {="5"
top=a+“+"+b+"+"+c+“+"+d+"+"+e
endcase
endif
return
type use 3. prg
*
* elimination of duplication
*
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go top
do while .not. eof( )
c=llen+1)/5
store 0 to x,y
if c<>1
ct=cut
do while ¢>x+1
e=substr(ct, 1, 4)
{=substr(ct, 6, len—5)
if atle,f)=0

y=y+1
if y=1
y=1
d=e
in=:4
else
d=d+“*"+e
in=in+5
endif
endif
ct=f °
x=x+1
enddo
i y<>0
d=d+"%"+ct
in=in+5
else
d=ct
in=4
endif
replace cut with d, len with in
endif
skip
enddo
go top
return

. type use 4= .prg

*

* elimination of redundancy
*

do while .not. eof{ )

a=cut
b=recnol )
go top

do while .not. eofl )
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if recno( )<>b
i=at(trim(cut), a)
if 1<>0
go b
delete record b
pack
go top
exit
else
skip
endif
else
skip
endif
enddo
if eof{ )
gob
skip
endif
enddo
go top
return

. type use 5. prg

*

* basic event sorting
*

do while .not. eof( )

select a
c=(b—>len+1)/5
x=0

do while x<c
d=substr(b— >cut, 5%x+1, 4)
e=val(substr(d, 2, 3)
append blank

replace seq with d. record with e

x=x+1
enddo
go top
x=0
do while .not. eof( )
if x=0
e=seq
else

e=e+"%"+seq
endif
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skip
x=x+1
enddo
select b
replace cut with e
select a
delete all
pack
select b
skip
enddo
go top
return

type use 6. prg
*
*report] generation
*
clear
@5,20 say “* % Minimal cut sets list * *”
@7,10 say “minimal cut set index”
@7,40 say “basic event”
@8,5 say “

use examl

x=9

do while .not. eof{ )
@x,16 say str(x—8§,3)
(@x, 35 say trim(cut)
@skip

enddo

*report2 generation

%k

clear

@5,20 say “* % Minimal path sets list * %"

@7,10 say “minimal path set index”

@7,40 say “basic event”

@8‘5 Say B et enierteereartiseooeestettenetetationantanttrasesrtansieteotetanesenneaceareeorearasesseronersastntnartaateasestettrereastntttne
use exam 2

x=9

do while .not. eof( )
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@x,16 say str(x—8,3)
@x,35 say trim{cut)
x=x+1

skip
enddo
@x,5 say  creerereresreerine eererternnerrirernrereaseneeennnas

% reprot3 generation

*

clear

select a

@5,10 say “* % Structural importance analysis using critical path; vector * %
@7,5 say “

do while .not. eof( )
@x,17 say “structural importance of”+xn-+;
“="4str(nn,7)+"/(2% %k +str{no—1,2)+*)"
x=x+1
skip
enddo
@x,5 say *

...................................................... DR R T R R T T T TRy

.

?

return

. type use 7. prg
*
¥ support program
*
do while .not. eof( )
if at{“g”, cut)=0
skip
loop
else
i=at(‘g’, cut)
h=substr(cut, i, 4)
j=len
select a
find &h
if eof( )
clear

do usel
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append blank
replace event with h, calcul with top, gate with g
else
aa=5% (int(len(trim(calcul}}/5}1{+4—len(trim(caicul))
top=trim({calcul) +spacelaa)
g=gate
endif
select b
*
*event distribution
*
a=at(“&kk”", top)
if a<>0
d=recno{ 0
b¥ st (lenltop)+1)/5
x=0
ct=cut
In=lken
do while x<b
c=substr(top, 5%x+1,4)
if x<>0
append blank
endif
if 1=1
replace cut with c+substrict, 5, j—4), len with in
else
if i=j—3
replace cut with substr(ct, 1, i—1}+c, len with in
else
replace cut with substr(ct, 1, 1—1)+c+substr(ct, i+4, j—i—3),:
len with in
endif
endif
x=x+1
enddo
go d
else
if 1i=1
replace cut with top+substr(cut, 5, j—4), len with len+len{top)—4
else
i i=j—3
replace cut with substr(cut, 1, i—1)+top, len with len+len(top)—4
else
replace cut with substr(cut, 1, i—1)+top+substr{cut, i+4, j—i—3),:
len with len+len(top)—4
endif



