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Abstract

In the paper there is presented the computer proépareliability analysis of complex technical sy®s with
reserved and improved components along with comgartegram description and application. The computer
program allows for automatic reliability characstigs prediction of the improved complex technggdtems
with hot and cold single reservation of their comgats and of the improved complex technical systeitis
reduced intensities of departure from the religbtiitate subsets of their components. Under thengstson
that system components have exponential relialfilibgctions, the unconditional reliability functiothe mean
values and standard deviations of the uncondititifetimes in the reliability state subsets andparticular
reliability states, the system risk function and thoment when the system risk exceeds a permétted of the
complex technical systems before and after thgiravement are determined.

1. Introduction In the paper there is presented the computer progra
based on the results of [6] including the methalds o
he complex technical systems with reserved and
mproved components reliability. The computer
rBrogram allows for automatic prediction of improved
complex technical systems reliability using these
methods: a hot and a cold single reservation of
system components and replacing the system
components by improved components with reduced
intensities of departure from the reliability state
subsets [8, 11]. The reliability characteristice ¢
und for the improved this way series, paralleh “
out ofn”, consecutive out ofn: F”, series-parallel,

Complex technical systems improvement and
especially standby redundancy are basic an
fundamental concept used in the process of syste
designing and in the reliability analysis [12].
Although the method of reliability analysis of
improved systems are limited, there are still
appearing new works on this topic. For example in
[1] there is proposed a new method of reliability
analysis of systems with cold-warm-hot standby
components and shared standby component amo
different subsystems, operation at different

g?ndgg)ns, Lésmg the c_once?t Or]: c_ountl?r? rgrcr)]csasie Earallel-series, seriesy out of n”, “m out of n"-
andby redundancy 1S a technique thal nhas bee eries, series-consecutivan“out of n: F' and

widely applied to improving and optimize system consecutive f out ofn: F’-series complex technical

reliability and availability in system design [13}s o g0ms and for the series systems composed these
an example there can be quoted a modern termin ystems [9], [10]

computer system of remote control and supervisory
device of electric system power generator. This
system is equipped in hot reservation devices5]n [

a cold standby redundancy is used as a method tbhe computer program is written in Java language
determine an optimal design configuration for non-using SSJ V2.1.3 library. The SSJ library is a Java
repairable series-parallel systems that maximizdibrary, developed in the Department d’Informatique

system reliability. et de Recherche Operationelle (DIRO) at the

2. Description of the computer program
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Universite de Montreal, that gives the support of
stochastic simulations. The on-line documentatibn o
SSJ can be found at the website
http://www.iro.umontreal.ca/~simardr/ssj/indexe.htm
|. The scheme of the computer program is presented

in Figure 1
v
Input datay, Parameters of the system
D1, Por-- s P operation process
NEXT
v
Input data: Parameters of the
P L -///E;w
z+1,r,0 system reliability model
( NEXT )
Y
Selected method: hOt Metod Of System
_or cold reservation, reliability improvement
improved componenfs
( NEwW )
NEXT “
: Parameters of a system
System data ir reliability structure in
operation state various operation states
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reliability and risk
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( SAVE ) {( PRINT )

Figure 1 The scheme of the algorithm of the
computer program for prediction of improved
complex technical systems reliability and safety
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2.1. Input parameters RO t,0=[LRY ¢1),....R¥,2)], kO{123},

The computer program Is composed of three panels; . . pw { ) denotes the improved unconditional
The first panel “Parameters of the system operation

process” is used for reading input parameters ef th reliability function of the system with a hot siegl
system operation process: reservation of its component®R® t [{ denotes the

improved unconditional reliability function of the

- the number of operation states of the system : . . .
; system with a cold single reservation of its
operation process,

- the transient probabilities in particular operation components and R® t{,)denotes the improved
P P P unconditional reliability function of the systemttvi

statesp,, P, .-, p:,‘ o reduced intensities of its components departure,
The second panel "Reliability parameters of the- the mean values of the system conditional
system” is served for reading input parameterfief t |ifetimes in  the reliability state subsets
system reliability ~model and method of ;41,4 while the system is at the
Improvement: operational state z,, b=12,....v, before the

- the number of the system and components system improvement
reliability statesz + 1,

- the system and components critical state 4 (U) = T[R(t w]®@dt, u=12,...,z
— the system risk permitted leval 0
- the method of system reliability improvement: and after the system improvement

 a hot single reservation of system components,
* a cold_single reservation of system components, ,Ub(k) (), u=12,...,z, k0{123},
* replacing the system components by improved

components with reduced intensities Of _ {he mean values of the system unconditional
departure from the reliability state subsets, lifetimes in the reliability state subsets

— the parameters of a system reliability structure in {u,u+1..,2 before the system improvement
various operation states,

- the intensities of components departure
(equivalently [, (w)]® or [A; (w)]®) from the
reliability  states  subset {u,u+1...,7,
u=12..z, at the operation statez,,
b=12..v, assuming that the reliability 00 y=12.. 2 k0O{L23),
functions of the system components are

exponential, ) . _ - the standard deviations of the system
~ the factor p™(u), 0<p™(u)<1 (equivalently unconditional lifetimes in the reliability state

factors p(* (u) or p{” (u)), in a case of replacing g psets {u,u+1,....74 before the system
the system components by improved components improvement

with reduced intensities of departure from the
reliability state subsetu,u+1,....z y=12,...,z, o), u=12,....z
at the operation statez,, b=12..v, by
multiplying intensities by this factor.

M), u=12,...,z7

and after the system improvement

and after the system improvement

2.2. Results — reliability characteristics o), u=12,...z kO{123},

In the third panel “Characteristics of the system

reliability and risk” there are presented reliagitnd ~ — the mean values of the system unconditional
risk characteristics of the system before and after lifetimes in the particular reliability states befo
system improvement [1]. the system improvement

There are determined the following characteristics: ~ #(u), u=12,..,z,
- the unconditional reliability function of the syste

(with plotting) before and after the system improvement
R(t)=[LRED,...,R(, 2)], g% (), u=12,..z, kO{123},
and after the system improvement - the system risk function (with plotting) before the

system improvement
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r(t), t0< 0,),

and after the system improvement

—1 S S,

® Figure 4.The general scheme of the syst&m
r(t), ti<0,), kU{123}, reliability structure

level 0 before the system improvement

Under the assumption that the exemplary system

and after system improvement, k 0{123}. structure and the subsystem components reliability
depend on its changing in time operation states, we
3. Application arbitrarily fix the number of the system operation
process stateg =3 and we distinguish the following
3.1. The exemplary system analysis operation states:

We analyze the reliability of an exemplary systém
that consists of two subsystemS,S,. The

subsystemS, is a series system composed of 4
components, denoted respectively by

E®, i=1234,

with the reliability structure presentedhigure 2.

— E® | EP - EY [ EP |—

an operation state, — the system is composed of
the subsystemS,, with the scheme showed in

Figure 2 that is a series system,
an operation state, — the system is composed of

the subsystemS,, with the scheme showed in

Figure 3that is a parallel system,
an operation state, — the system is composed of

the subsystemsS, and S,, with the scheme
showed inFigure 4 while the subsysten$, is a

series system and the subsyst&nis a parallel
system Figure 5.

Figure 2.The scheme of the systeB) reliability ca
structure ’
—! E 1(1) — E 2(1) — E 3(1) — E 51)
The subsystens, is a parallel system composed of
2 components, denoted respectively by E®
E®, i=12 Figure 5.The scheme of the system reliability

structure at operation staig

with the reliability structure presentedhigure 3

We arbitrarily assume that the transient probaédit

£ of the system at particular operation statgz,, z;,
; respectively are
E® p, =05 p, =025 p;=025
. - 3.3. The exemplary systensomponents
Figure 3. The scheme of the syste8) reliability reliability plary sy P

structure

We assume that the exemplary system and its
The subsystemsS,, S,, illustrated inFigures 2-3 ~ components have four reliability states 0, 1, 2,

are forming a series reliability structure presdrite
Figure 4

z=3. And consequently, at all operation stags
b=123 we arbitrarily distinguish the following
reliability states of the system and its components

« a reliability state 3 — the system operation isyful

effective,

 a reliability state 2 — the system operation is les
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+ a reliability state 1 — the system operation is les - the component E/’ with the intensities of
effective because of ageing and more dangerous,  departure from the reliability states subsets

* areliability state 0 — the system is destroyed. {123}, {2.3},{3}, respectively

We assume that the changes of the system operation

process states have an influence on changing the

system multi-state components reliability and the

system reliability structure as well. We assumd tha

A9 @19 = 015, [19 (2)]¥ =02

the system critical reliability state is= 2. 19 @3)]® =035

Consequently, we define the four-state conditional

reliability functions of the system componeris”, - the component E{” with the intensities of
v=12, departure from the reliability states subsets

{1,23}, {23},{3}, respectively
R0 =R €01, [R® €21,
[25 W19 = 015, [49 ()] = 025,
[RV(t,3)]®], t=0, b=123 v=12
(A9 @3)]® = 035.
with the exponential co-ordinates
At the system operation state,, the system is
composed of the parallel subsyst&n composed of
two components 1f=2) with the reliability

[RY (0] = expl{A ],

[R(t,2)]® =expHAY (2)]™1], structure showed iRigure 3
In the subsystens, there are:
[R“(¢,3)]® = exp[-[A“ (3)1®'1], - the component E® with the intensities of
departure from the reliability states subsets
different in various operation stateg, b= 123, {1,23}, {23}, {3}, respectively

where[A” (1], [A”(21®, [4” (3®, b=123
v=12 are the subsystems components unknown [A2@0)]? =02, [A?(2)]? =04,
intensities of departures respectively from the

reliability state subset§l,23}, {23},{3}. (A2 3)]@ = 08;

At the system operation state, the system is

composed of the series subsyst&@n composed of - the component E{¥ with the intensities of
four components r{=4) with the reliability departure from the reliability states subsets
structure showed iRigure 2 {123}, {23},{3}, respectively

In the subsysten$, there are:
— the component E® with the intensities of  [45 W]® =02, [1(2)]® = 046,
departure from the reliability states subsets

{123}, {23},{3}, respectively 12 @3)@ =07

AO@)® =01, [A2@2)]? =02, At the system operation state,, the system is
composed of subsysten® and S, linked in series

[)|§1) 3% =03 with the scheme showed kigure 4, 5

In the first subsystensS,, that is a series system,

- the component E® with the intensities of there are:

departure from the reliability states subsets™ the component E with the intensities of
{1,233}, {23},{3}, respectively departure from the reliability states subsets
{1,23}, {23},{3}, respectively

A9 019 =0.1,[A92)]" = 0.23,
AP@)®=0.1,[422)]9=0.2,[1"3)]®=0.3;

(A9 (3)]® = 0.35;
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- the component E{’ with the intensities of improvement are using the hot and cold reservations
of the basic system components and replacing the
basic components by the improved components with
reduced intensities of departure from the religpili
state subsets. These methods are also used to

departure from the reliability states subsets
{1,23}, {23},{3}, respectively

[A9 ®]9=0.1,[49(2)]® = 0.23, improve the reliability of the considered exemplary
system.
[,1§1> (3)] ®=0.35; We assume that the reserve components are identical

with the basic components in reliability sense, i.e
they have the same multi-state exponential reltgbil

- the component EY with the intensities of _ _ _ X
functions  with the intensities [A“) (1)]®,

departure from the reliability states subsets

{123}, {23},{3}, respectively AV21®, [AY(3)]®,v=12 of departure from
the reliability state subsetf,2,3}, {23},{3}, at the

A9 @19 =015 [4£@2)]® =02, operation state, , b= 1,23.

[A él) (3)] ® = 0.35, Select the method of system reliability improvement:

" 3 hat single reservation of its compaonents

- the Component Ef) with the intensities of " a cold single reservation of its compaonents

departure from the re“ab”lty states SUbsetS & teduced intensities of departure of its components Next | Exit |
{1,23}, {23},{3}, respectively

Figure 6.Selection of the method of the system
reliability improvement in the program
[A2 @19 = 015, [4§ (19 = 025,

Selecting the method of replacing the system
A9 3)]® = 035. components by the improved components with
reduced intensities of departure from the religpili
state subsets it is necessary to fix factors

[P WI®, v=12 u=123 b=123.
At the system operation statg, in the subsystem

In the second subsyster$,, that is a parallel

system, there are:

- the component E® with the intensities of
departure from the reliability states subsets S, we assume that only componeri$’ and EJ”

{1,23}, {23},{3}, respectively are improved by multiplying their intensities of
departure by factoip® (u)]?, i =34, u=123:
@ ()@ = @ (9@ —
[A7 @17 =0.2,[A7(2)]™ = 0.4, — for the componenE” the factors are equal
2 (3)1@ = 0 &
AN =08; (PP W1¥=1.17 @1%= L[ @)¥ = 1;

- the component E{” with the intensities of

departure from the reliability states subsets
{123}, {23},{3}, respectively

— for the componenEf? the factors are equal

[P WIP=1. 108 @17 =110 @] =1;

(2) 3 = 0.2, (2) (3 = 0.46,
(42" ()] [42"(2)] — for the componenE{" the factors are equal

P@R)N®=0.7.
Ve G [o5? @]9 = 0.8,[pf"(2)]¥ = 0.5,[ 0§ 3)] ¥ = 0.5
3.4. The exemplary systemeliability

improvement — for the componeng" the factors are equal

In practice, to improve the reliability and safetly

the complex systems, besides of the optimization of [0
their operation processes their qualitative and
gquantitative redundancy is also used. The most
popular ways of the system reliability and safety

S 019=08,[05(2)]"=0.5,[p{"(3)]¥=0.5.
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At the system operation statg, in the subsystem - forthe ComponenEl(l) the factors are equal
S, we assume that componeris? and E{? are

improved by multiplying their intensities of [P M®I®=1,[p"@19=1,[p"@N¥=1;
departure by factdip® (u)]?, i =12 u=123:

~ for the componenE® the factors are equal — for the componenE{" the factors are equal

[P W1 = 075, [p? (@)]® = 05, (PP O19=1,1p@19= 1, [ @]9=1;

[P @) =05,

— for the componeng{" the factors are equal

— for the componenE{? the factors are equal
PonenE2 | (PP W)@ = 0.8,[pf (2)]9=05,

@ (1@ = @ (5@ =
(0,7 )] 075, [p;7 (2)] 05, [pél)(S)](3)=0.5;

[0 (3)]® = 05.

— for the componeng" the factors are equal

At the system operation statg, in the subsystem
S, we assume that only componeris” and E"
are improved by multiplying their intensities of
departure by factoip® (u)]®, i=34,u=123:

[P W]® =08 [0 (2]® =05,

(o @) = 05.
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Figure 7.The results of the computer program for
the exemplary system with a hot reservation
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3.4.1. Reliability and risk characteristics of
the system with hot reservation

For the exemplary system with a hot single
reservation of its components the obtained religbil
and risk characteristics, presented in Point 2r&, a
given in the widows below. In the first window tker
are given the reliability characteristics of the

considered exemplary system before and in the

second window after the system improvement.

The program gives possibility of showing the plét o
the coordinates of the system unconditional
reliability function in the reliability state sulsby
pressing the button “Reliability Plot” for both
widows i.e. for the system before and after
improvement. Then the following window with the
plot appears on the screen.

B Piot of the improved system reliability function

=l3l=
The unconditional reliability function of the improved system

1,0

0,8

reliability

) 75 10,0 125 150 175 20,0 0 275 30,0 325 350
time

‘7in the reliabilty state subset {1,...,3} —in the reliabity state subset {2,3} in the reliablity state subset {3}‘

Figure 8.The plot of the unconditional reliability
function coordinates of the exemplary system with a
hot reservation
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It is also possible to obtain the plot of the sgstésk
function with marked moment when the risk exceeds
a permitted level by pressing the button “Risk Plot

Plot of the improved system risk function

Risk function of the improved system

risk

= oo D

1 3 4 B 0 11 12 13 14 15 16 17

time

‘7 system risk: function — permitted level 0.05

moment when the risk exceeds a permitted level 0.624 ‘

Figure 9.The plot of the exemplary system risk
function with a hot reservation

3.4.2. Reliability and risk characteristics of
the system with cold reservation

For the system with a cold single reservation sf it
components we obtain the reliability and risk
characteristics mentioned in Point 2.2. Below ia th
computer window there are presented results for the
considered exemplary system.
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Figure 10.The results of the computer program for

the exemplary system with a cold reservation 3.4.3. Reliability and risk characteristics of

the system with improved components

The results of the computer program for predictbn
lot of the improved system reliability function =1olx] H H HH
The unconditional reliability function of the improved system Improved SyStem_ re“ab_ll_lty for the exemplary SYBte
" with reduced intensities of departure of its
components are presented below.

00 25 50 75 100 125 150 175 20,0 225 250 27,5 30,0 32,5 350 37,5 40,0 42,5

time

‘7|n the reliability state subset {L,...,.3} —in the reliability state subset {2,3} in the reliabllity state subset {3}

Figure 11.The plot of the unconditional reliability
function coordinates of the exemplary system with a
cold reservation
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R(t,2)= 0.5%[exp(-0.83t)] + 0.25*%[1 - (1-exp(-0.4t))*(L-exp(-0.46t )] + 0.25%[[exp(-0.28t)] * [1 - (1-exp(-0.4t))%(1-exp(-0.461))]] for t=0, S Plot

Rit,3)= 0.5%[exp(-1.35t1] + 0.25%[1 - (1-exp(-0.660)*( L-exp(-0.7t))] + 0.25*[[exp(-1.35t1] * [1 - (L-exp(-0.6t))*( L-exp(-0.7t11]] for t=0. B30 AL |

Mean value of the system conditional lifetime in the subset of reliability states not worse than 1 at operation state z2: 7.4995,
Mean value of the system conditional lifetime in the subset of reliability states not worse than 1 at operation state 23; 1.74529.

The system risk function: Risk Plot |
riti=1-R(t,2)=1- [0.5*[exp(-0.88t)] + 0.25%[1 - (1-exp(-0.4t))*(1-exn(-0.46t11] + 0.25*[[exp(-0.88t1] * [1 - (L-exp(-0.4t))*(1-exp(-0.46£)11]] for

t=0.
Moment when the risk exceeds a permitted level: 0.07732, Save Plot |

Mean value of the systern conditional lifetime in the subset of reliability states not worse than 1 at operation state z1; 1.9998,
Save Results |

Mean value of the systemn unconditional lifetime in the subset of reliability states not worse than 1: 2.31125, ;l Print Results |

Characteristics of the improved system reliability and risk

R(t,3)= 0.5%[expi-t)] + 0.29%[1 - {1-exp(-0.36t10*(1-exp(-0.49t))] + 0.25*[[exp(-t)] * [1 - (1-exp(-0.36L))%(1-exp(-0.49t))]] for t=0.

Moment when the risk of a system with reduced intensities exceeds a permitted level: 0.10492,

Mean value of the systern with reduced intensities conditional lifetime in the subset of reliability states not worse than 1 at operation state 220 37,4975,

Mean value of the system with reduced intensities unconditional fetime in the subset of reliability states not worse than 1: 11.07147,

The standard deviation of the system unconditional lifetime of the system with reduced intensities in the subset of reliabiity states not worse than 1

20.73486,

Mean value of the system with reduced intensities conditional lifetime in the subset of reliability states not worse than 2 at operation state z1; 1.52656. New
Mean value of the system with reduced intensities conditional lifetime in the subset of reliability states not worse than 2 at operation state 22; 2.28421.

f A sim s imlhim bl i i em mm b mibims e it a] o dimne i bl bt o emfindilib b abms mmd G memm bl T T AAEOA

Coordinates of the unconditional reliability function of the improved system: 1= Reliability Plot |
R(t,1)= 0.5%[exp(-0.44t)] + 0.25*%[1 - (1-exp(-0.04t))*{1-exp(-0.04t11] + 0.25%[[exp(-0.44t)] * [1 - (1-exp(-0.04t))%( 1-exp(-0.04t1)]] for t=0,

R(t,2)= 0.5*[exp{-0.655t)] + 0.25*[1 - {1-exp(-0.16t)1*{1-exp(-0.2116t))] + 0.25*[[exp(-0.655t)] * [1 - {l-exp{-0.16t))*{1-exp(-0.2116t))]] for Gave Plot |
t=0,

Risk Plot
The systern risk function: isk Plo |

ritd= 1 - R{t,2)= 1 - [0.5*[exp(-0.655t)] + 0.25*[1 - {1-exp(-0.160))*(1-exp(-0.2116t11] + 0.25%[[exp(-0.655t)] * [1 -
{1-exp(-0.16t))*( 1-exp(-0.2116))]]] for t=0. Save Plot |

Maan walue of the systam with reduced intensities conditional lifetime in the subset of reliabiity states not worse than 1 at operation state z1; 2.2725, Save Results |

Mean value of the systern with reduced intensities conditional lifetime in the subset of reliability states not worse than 1 at operation state 23 2.24333. Print Results |

Mean value of the system with reduced intensities conditional lifetime in the subset of reliability states not worse than 2 at operation state 23: 1.40672. LI Exit |

Figure 12.The results of the computer program for

. . . B Piot of the improved system reliability function =10l x]
the exemplary SyStem with reduced intensities of The unconditional reliability function of the improved system
departure 10

0,8

BPlot of the system reliability function I [=T |
The unconditional reliability function of the system
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Figure 14.The plot of the unconditional reliability
0,0 2,5 5,0 7.5 10,0 12,5 15,0 17,5 20,0 22,5 25,0 27,5 30,0 32,5 . . .
time function coordinates of the exemplary system with
‘7\\7 the reliability state subset {1,...,3} —in the reliability state subset {2,3} —in the reliabilty state subset {3}' re d u Ced I nte n Sltl es of d epartu re

Figure 13.The plot of the unconditional reliability _
function coordinates of the exemplary system before 4. Conclusion

improvement

Redundancy is a common approach to improve the
reliability and availability of a system [12]. Thus
presented in the paper computer program allowing
for automatic prediction of improved complex
technical systems can be used as a helpful practica
tool in real systems design and resources andteffor
of system improvement while the system’s
performance [2].
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The presented computer program for prediction of
improved complex technical systems reliability and

safety is based on methods and algorithms presentgsd

in

3].

The computer program determines the

reliability characteristics of the improved complex

technical

systems with hot and cold singlg6]

reservation of their components and of the improved
complex technical systems with reduced intensities
of departure from the reliability state subsetshefir
components under the assumption that the considered
systems are exponential.
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