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Abstract

There is presented the application of the integrateftware tools to the operation and reliabilitfyy am
exemplary complex technical system prediction. Thenputer program CP 8.5 is used to determine the
unconditional mean sojourn times and the limit $fant probabilities of the exemplary system operati
process at the particular operation states evahmtiUsing the computer program CP 8.6 there aferpsd

the evaluations of the exemplary system unconditionultistate reliability function, the expectedues and

the standard deviations of its unconditional lifeds in the reliability state subsets and the medineg of its
lifetimes in the particular reliability states. Bily, in the case when the system is repairalderebewal and
availability characteristics are estimated fromibgults of computer program CP 8.8.

3. The exemplary system operation prediction - the matrix of probabilities of the system operation

To determine the mean values of the unconditional Process transitions between the operation states

: ) . given in [8]
sojourn times of the exemplary system operation
process at the operation states, the limit valdi¢iseo
transient probabilites of the system operation P11 Prz -+ P

process at the particular operation states and the | P21 P e Py
system operation process total sojourn times at the [Poiliy =
particular operation states for the fixed suffitcign

large system operation time we use the computer Pui Pz - P
program CP 8.5 “Prediction of the operation protess
[2]. where p,, =0 for b=12,....v;

The computer program is reading in [7]:

- the duration time d of the system operation
process,

- the numben of the operation states of the system
operation process,
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Prediction of characteristics Bnm o
I Prediction of characteristics I

Murmber of operation states: |4
B Matri: of transition probabilities between the ope: Mumber of operation states: |4

Operation duration time; |365

QUTPUT

. . vector of unconditional mean lifetimes at operation states:
- the matrix of mean values of the conditional |z2s734000000000003 71.0 397.2 399.6

sojourn tlmesgb' at the Operatlon Stat&é when Lirnit values of transient probabilities at operation states:

its next operation state g from [8] 0.2135 0.0378 0.2924 04552
Expected values of total sojourn times at operation states:
MMy, ..My, 77.0442 13.7881 107.1072 166.1539
[M ] - 21 22 " M v i . .
bl dvxv : In above window there are given the unconditional

mean sojourn times, the Ilimit values of the

M,y My ..My, exemplary system operation process transient

probabilities at the particular operation stated die

where My =E[6, ] and My, = 0 b,1=12..v,  expected values of the total sojourn timék,
b#l. b= 1234, of the system operation process at the

particular operation stateg , b = 1,234, during the
fixed operation timef =1 year = 365 days.

A *ean values of conditional sojurn times of systemn
—_— e _____

0 132 480
| E3 [ 51
570

325 510

6. The exemplary system reliability prediction

I Considering the results of the system components
f i . . . .

Eﬂaarfr?;?ﬁrsagswggﬁrgtggagﬁﬁﬁfsssbetween the operation states; rellablllty mOde“ng from SeCtlon 3 [9] Concerned

e o e with the fixed system reliability structures aneith

. shape parameters and with the assumed the

L exponential models of the reliability functionstbe

system components in various operation states and
After reading all necessary data the computerthe results of the evaluations of the system
program is estimating the following characterisb€s components intensities of departures from the
the system operation process [7]: reliability state subsets from Section 4 [5], weyrta
— the mean values, = E[g, ,]b=12,...v, of the  perform the prediction of the exemplary system
unconditional sojourn times}, b=12,...,v, of reliability characteristics.
the system operation process at the particulamhe computer program CP 8.6 “Evaluation and

operation states, prediction of system reliability and risk” allows t

— the limit values of the transient probabilitig , evaluate and predict complex technical system
b=12,...v, of the system operation process at thereliability and risk characteristics [3]. The congu
particular operation states, program is composed of three panels. The firstlpane

~ the mean value€[6,] = p,6, b=12....v, of the  “Parameters of the system operation process” id use
system operation process total sojourn tindgs  for reading input parameters of the system opearatio
b=12,...v, at the particular operation statgs , process:

for the fixed large operation time. — the number of operation states of the system
operation process,
- the transient probabilities in particular operation

statesp;, Py s P, -
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Parameters of the system operation process I Reliabiity parameters of the system | Characteri

Evaluation and prediction of complex technical systems reliability and risk

MNurnber of operation states |4
MNext | Ezit |

The second panel “Reliability parameters of the

system” is served for reading input parameter$ef t
system reliability model:

- the intensities of components departure
(equivalently [ u)]® or [ w]®) from the
reliability states subset {u,u+1...,z .}
u=12,..2z at the operation state z,

b=12,...v, assuming that the reliability functions
of the system components are exponential,
determined in Section 4 [5].

Describe the system and subsystems reliability structure in various operation states

— the nu mber of the System and Components Choose type and shape of the system at operation state 21

reliability statesz + 1,

- the system and components critical reliability estat
r

- the system risk permitted leva)|

Reliabiity parameters of the system | Characteristics of the system refiabiity and risk |
Evaluation and prediction of complex technical systems reliability and risk

Murnber of reliabiity states |4 System and components critical reliability state |2

System risk permitted level |0.05

Next Exit

- the parameters of a system reliability structure in
various operation states fixed in [8],

Describe the system and subsystems reliability structure in various operation states
Chonse type and shape of the system at operation state z1:

i~ series ' non-homogeneas  irregular

 parallel " homogeneous & regular
 “m out of n”

" consecutive "m out of n: F*

Iél Insert number of subsystems at operation state z1
o i

1+ series-parallel

 parallel-series
" series-‘m out of "

" “m out of n"-series

" series-consecutive “m out of ni F*

" consecutive “m out of n: F-series

" series system of above systems

Next |

Enter | Back | New | Exit |

B application of P-51P

File Help

 serigs " non-homogeneous  irregular

 parallel " hormogeneous & regular

 “mout of n”

Reading intensities of components dep

'9' How would you like to give inkensities of components departure?

" consecutive “m out of ni F* x|
& series-paraliel
" parallel-serigs

 series-*m out of n”

Hfiead From keyboard Load From File Cancel

 *mout of n"-series

" saries-consecutive “m out of n B
" congecutive “m out of n: F*-series

" sarigs system of above systems

Next |

Enter | Back | New | Exit |

After finishing giving data mentioned above the

computer program automatically comes to the next

panel “Characteristics of the system reliabilitydan

risk” where are shown the results. Namely, theee ar

determined the following characteristics [1]:

- the conditional reliability functions of the system
while the system is at the operational staggs

[RtD® =[[RED]IV, ...[R(t, 2], tO< 0,m),

for b=12,...v,

=10l

Characteristics of the systemn reliability and risk I

Characteristics of the complex technical system reliability and risk

Unconditional reliability function of the system

Coordinates of conditional reliability function of the systern at operation state z1:
R(t,1)= 1 - {1-exp(-0.003t))*(1-exp(-0.003t1) for =0,

R(t,2)= 1 - {1-exp(-0.0031t))*(1-exp(-0.0031t)) for t=0,

R(t,3)= 1 - {1-exp(-0.0032t))*%(1-exp(-0.0032t)) for t=0.

Coordinates of conditional reliability function of the systern at operation state z2:
R(t,21= 1 - (1-exp(-0.003t))*(1-exp(-0.003t)) % 1-exp(-0.003t ) 7*(1-exp(-0.003t
Coordinates of conditional reliability function of the systern at operation state 23:
Rit,1)= [ 1- (1-exp(-0.0032£))*(1-exp(-0.0032t 0] * [ 1 - (1-exp(-0.0021t)1%(1
Rit20=[ 1 - (1-exp(-0.0034t 1% 1-exp-0.0024t 107 * [ 1 - (1-expi-0.0022610%(1
Rit2i= [ 1- (1exp(-0.00355))*(1-exp(-0.0025t00] * [ 1 - (1-exp(-0.0023t))0%(1

Coordinates of conditional reliability function of the systern at operation state z4:
Rit10=[ 1- (1-exp(-0.0032600% 1-exp(-0.0022t 0] * [ 1 - [(1 - expi-0.0028t 171
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R(t,11= 1 - {1-exp(-0.0028t1)%( 1-exp(-0.0028t ) 1*(1-exp (-0.00281 ))*(1-exp(-0.0028t)) for t=0,

R(t,21= 1 - {1-exp(-0.0022t3)%( 1-exp(-0.0032t 1% 1-exp (-0.00321 0% (1-exp(-0.0032t)) for t=0,

Fen -0 AR - ewnd -0 OTPREV# - ewn (0 O02EEY*0 - ewn (20 IN2EEY 4 ewn -0 0028t

1) for t=0,

-exp(-0.0021t))%(1-exp (-0.0021t))*( 1-exp(-0.0021t]))] for t=0,
-exp(-0.0022t))%(1-exp(-0.0022t 1) *( 1-exp(-0.0022t 1] for t=0,
-exp(-0.0023t))%(1-exp (-0.0023t))*( L-exp(-0.0023 )] for t=0,

174

(1 - exp(-0.0028110%(1 - exp(-0.00286)0*%(1 - exp(-0.0028t)) +
- e (0 ONZEEY 0 - a0 NN2EEE -

[ |

Save Plot |
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R(t,) =[LR(D),..., R(t,2)], t0< 0,w),

Characteristics of the complex technical system reliability and risk

Unconditional reliability function of the system

Coordinates of the unconditional reliabiity function of the system: |
Rt 1= 0.214% 1 - (L-exp(-0.003600*(1-exp(-0.002t)0] + 0.032%[ 1 - (L-ewp(-0.0028t)1* (1-exp (-0.00221 )% L-ewp(-0,0028t ) 1% L-expd-0.00281))] +
0.293*[[ 1 - {1-exp(-0.0032t)1*{1-exp(-0.0032t))] * [ 1 - (1-exp(-0.002111)*( 1-exp{-0.0021t11*{ 1-exp(-0.0021t ) 1*{ 1-exp(-0.0021t 1)]] + 0.455*[[ 1 -
(1-exp(-0.0032t )% L-exp(-0.0032¢ 0] * [ 1 - [(1 - expd-0.0028£101%(1 - exp(-0.0028t)0*%(1 - exp(-0.0028110*(1 - exp(-0.0022t1) + expi(-0.00281)(1 -
exp (-0.0028t10%(1 - exp(-0.0028t))*(1 - exp(-0.00281)) + exp(-0.0023t)(1 - exp(-0.0028110*(1 - exp(-0.0028t2)%(1 - exp(-0.0022t)) +

exp (-0.0028t (1 - exp(-0.0028t))*%(1 - exp(-0.0028t))*(1 - exp(-0.0028t)) + exp(-0.00281)*(1 - exp(-0.00281)1)*(1 - exp(-0.0028t))*(1 -
exp(-0.0028t)1]]] for t=0,

Rit,20= 0.214% 1 - (1-exp(-0.0031 00" 1-exp(-0.00318 )] + 0.0233* 1 - (1-exp(-0.0023t) 0% (1-expn(-0.0031 0% L-exp(-0,002t 1% 1-exp -0.002t 0] +
0.2023*[[ 1 - (1-exp(-0,0034 )% (1exp(-0.00344 3] * [ 1 - (1exp(-0.0022t 1% (1-expl-0, 0022830 * ( L-exp (-0,.0022t )0 (1-exp(-0,0022t00]] + 0.495%[[ 1 -
(1-exp(-0.003234£))*( 1-exp(-0.0034t 3] * [ 1 - [exp(-0.0028t)(1 - exp(-0.003t1)*(1 - exp(-0.003t))*(1 - exp(-0.003t))*(1 - exp(-0.003t)) +

exp (-0.003t)(1 - exp(-0.0031)10*(1 - expd-0.003t)0%(1 - exp(-0.003t)) + exp(-0.003t)(1 - expl(-0.003t )% (1 - exp(-0.003t1)%(1 - exp(-0.003t)) +
exp(-0.003t)(1 - exp(-0.003110*(1 - expd-0.003t)0%(1 - exp(-0,003t)) + exp(-0.0031)*(1 - exp(-0.003t)1%(1 - exp(-0.003t))*%(1 - expd-0.003t))711] for
t=0,

R(t,31= 0.214*[ 1 - (1-exp(-0.0032t)1%( L-exp(-0.0032))] + 0.038%[ 1 - (1-exp(-0.0032t))*(1-exp(-0.0032t))*(1-exp(-0.0032t ) 1*( 1-exp(-0.0032t)]]
+ 0.293*[[ 1 - (1-exp(-0.0025t 0+ (1-exp(-0.0035t 001 * [ 1 - (1-exp(-0.0022t 0% 1-axpd-0,00230 1+ ( 1-exp(-0.0022t )% 1-exp(-0.0023t 1011 + 0.455%([
1 - {(1-exp(-0.0035t))*(1-exp(-0.0035t1)] * [ 1 - [exp(-0.003t3(1 - exp(-0.0033t)0*(1 - exp(-0.0033t10*(1 - exp(-0,0033t))*(1 - exp(-0.00331)) +

exp (-0.0033t (1 - exp(-0.0033t))*(1 - exp(-0.0033t1)*(1 - exp(-0.0033t)) + exp(-0.0033t)(1 - exp(-0.0033t1)*(1 - exp(-0.0033t)1%(1 -

exp(-0.0033t)) + exp(-0.0033t)(1 - exp(-0.0033t)1*(1 - exp(-0.0033t1)*(1 - exp(-0.00331)) + exp(-0.0033t)%(1 - exp(-0.0033t))1*(1 - ;l
Save Plot |
~loix] - the St"ﬂ?r_‘dafd Qewatlons_v(u) of t_he . _system
The unconditional safety function of the system unconditional lifetimes in the reliability state

subsetdu,u+1...,z, u=12,...,z,

u=12,...,z
- the system risk function (with plotting)(t),
t 0< 0, ),

0 100 200 300 400  S00 600 700 800 @00 1000 1100 1200 1300 1400 Ievel 5
time )

‘7in the reliability state subset{1 ... 3} —in the reliability state subset{2,3} inthe reliability state suhsat{a)‘

- the mean valueg/((u 9f the system unconditional

JR1=1EY
. Risk function of the system
- the mean valuegy, (u) of the system conditional

lifetimes in the reliability state subsets
{u,u+1,...,zZ,, u=12,...,z, while the system is at
the operational state,, b=12,...,v,

risk

lifetimes in  the reliability state subsets ™
{uu+l...,z, u=12,...,z

0 100 200 300 400 500 800 700 8O0 @00 1000 1100 1200 1300
time

— system risk function — permitted level 0.05 momentwhen the risk exceeds a permitted leve| 68 586

- the mean valuegi(u) of the system unconditional
lifetimes in the particular reliability states

- the momentr when the risk exceeds a permitted

System risk function

The systern risk function:

Fith= 1-R{5,21= 1 - [0.214* 1 - (1-exp(-0.00318 0% (1-exp(-0.0031t1)] + 0.032%[ 1 -
(1-exp(-0.003t))*(1-exp(-0,003t ) * (1-exp(-0.003t))* (1-exp (-0.003620] + 0.203*[[ 1 - (1-exp(-0.0034£))*(1-exp(-0.0034t)0] * [ 1 -

{ 1-esp{-0.0022t )3*{ 1-exp(-0. 0022t 1%{ L-exp(-0.0022 ) y*( 1-exp (-0.0022t 1) ]] + 0.455*[[ 1 - {L-exp{-0.0054t))*(1-exp(-0.0034t)1] * [ 1 -
[exp(-0.0028t (1 - exp(-0.003t )% (1 - exp(-0.003t))*(1 - exp(-0.00310*(1 - exp(-0.0031)) + exp(-0.003t)(1 - exp(-0.003t)0%(1 - exp(-0.003t))1%(1 -
exp(-0.0031)) + exp(-0.0031 )1 - exp(-0.003t)0*(1 - exp(-0.003t1)*(1 - exp(-0.003t)) + exp(-0.003t)(1 - exp(-0.003t))*(1 - exp(-0.003t)1*(1 -
exp(-0.0031)) + exp(-0.0031)*(1 - exp(-0.003t))*(1 - exp(-0.003t))*(1 - exp(-0.003t)1]1]] for t=0.

rorment when the risk exceeds a permitted level: 62,5859,

Save Print New | Exit | Plot Save Plot
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7. The exemplary system renewal and After reading data and pressing button “Calculate”
availability prediction the computer program is predicting the following

) ... characteristics of the complex technical system
Using the results of the exemplary system religbili onewal and availability [6]:

prediction given by (6.51)-(6.52) and the results o _ the distribution FMN (t,r )10 (oo, c0)

the classical renew theory presented in IS&RDSS 8 (0{12...7 of the time S, (r ’) uﬁtil the,Ntfl

[6], we may predl_ct the fe”.ewa' and avalla_bll!ty exceeding of reliability critical state of this

characteristics of this system in the case whas it svstem. for sufficiently larahl

repairable and its time of renovation is eithemigu y ' y ‘args, .

or non-ignored. In order to do predict them we use the expected valueE[S (r )hnd the variance
' D[S\ (r)] of the time Sy (r ), rd{12,...,Z until

the computer program CP 8.8 “Prediction of system . . i~
renewal and availability” [4]. th_e Nth exceeding the reliability critical stateof
this system ,

First, we assume that the system is repaified a N
the exceeding its reliability critical state= 2 and the distribution P(N(t,r)=N), N= O’]’Z"'."
that the time of the system renovation is ignored. ' {12...Z of the numberN(t,r) of exceeding
Then the computer program is reading following the reliability critical statg of this system up to

reliability data, fixed in [8]: the moment, t > O, for sufficiently larget, _

— the number of the system reliability states, — the expected valueH(t,r )and the variance

~ the system critical reliability state D(t,r) of the numberN(t,r), r0{12...,z} of

— the mean valueu(r) of the unconditional lifetime exceeding the reliability critical state _of_ this
of the system in the reliability states subset not SyStém at the moment,t>0, for sufficiently
worse than the system critical reliability state larget.

— the standard deviatiow(r) of the unconditional '€ results of the predicting the renewal process
lifetime of the system in the reliability states characteristics of the exemplary system in case the

subset not worse than the system critical religbili _renovathn tl,r’ne Is ignored are given in the "Resuit
stater. ignored time” tab below.

Choose the renovation typal Ignored t\me' MNon-ignored kime  Results - ignored time | Resulks - non-ignored tim

Choose the renovation bype | Ignored time | Mon-ignored timelResuIts-ignored time TS

% Renovation with ignored ime

" Renovation with non-ignared time the distribution of the time until the Nth exceeding of reliability critical skate r of this system: I_S,STG.B, 770.2)

INPUT PARAMETERS OF THE COMPLEX TECHNICAL SYSTEM RELIABILITY the expected value: |3J576.E and the variance of the time: |757,24D.32

the number of the system reliability states: |4 the distribution of the number of exceeding the reliability critical state v of this system:

the system and components reliability critical state: |2 the expected valus |2.8 and the variance of the number: |1.65

the mean value of uncoditional ifetime I35?.68

the standard deviation of uncoditional fetime: I2?5. 13 Each characteristic can be prese nted in the table o

values for fixed parametér For example, the table
The Computer program also needs fo”owing inputOf distribution values of the time until thblth

renewal parameters: exceeding the reliability critical state and thbl¢aof
~ the numbe of the system exceeding the critical distribution values of the number exceeding the
reliability stater and renovations reliability critical state are shown below.

- the system renewal process duration titne

4 Distribution of time until Nth exceed i ]
= k Yalues
Choose the renovation bype  Ignored time: I Mon-ignored kime I Results - ignored time | 0.0 0.000019755351 2939 -
1.0 0.000019852358559
PARAMETERS OF THE COMPLEX TECHNICAL SYSTEM RELIABILITY 2.0 0.000019951371225
. 3.0 0,000020050852122
the number of the system reliability states: |4
b v 4.0 0.000020150803627
the system reliability state: |2 5.0 0.000020251 227535
5.0 0,00002035212655
the mean value of uncoditional lifetime I35?.68 7.0 0.0000Z0453502 782
- g - G.0 0.000020555357751
the standard deviation of uncoditional lifetine: I2?5. 18 00 0 D0D020857603565
INPUT PARAMETERS OF THE SYSTEM RENEWAL PROCESS LY CHUSN I et
11.0 0.00002056351 5205
number of system excesding 12.0 0.000020967510695
X . 13.0 0.000021071592955
system renewal process duration time 4.0 0000021 176667152
15.0 0,000021281935471
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E4 Distribution of number of eceeding the - |EI|1|
I Walues

0.0 0.066452103276249 -

1.0 0.18672327129431

2.0 0,22428161 9050568

3.0 0,262327117191565

4.0 0.1312961991907

5.0 00369407267 14599

5.0 0.005830955565168

7.0 0,000515065807187

5.0 0,0000255390595145

9.0 0.00000069661 252 —

10.0 0.00000001 0609247

11.0 0,000000000039457

12.0 0,00000000000041 7

Further, assuming that the system is repaired afte

the exceeding its reliability critical state= 2 and
that the time of the system renovation is non-igdor
and it has the mean valug,(2)= 18nd the
standard deviation ,(2)= 5 we follow the
procedure.

The computer program is reading:

- the number of the system reliability states,

- the system critical reliability state

- the mean valueu(r) of the unconditional lifetime

of the system in the reliability states subset not

worse than the system critical reliability state
- the standard deviatiow(r) of the unconditional

lifetime of the system in the reliability states

subset not worse than the system critical religbili
stater,

Choose the renavation bype | Ignored time | Morn-ignared time | Results - ignored time |

* Renovation with non-ignored time

INPUT PABAMETERS OF THE COMPLEX TECHNICAL SYSTEM RELIABILITY

the number of the svstem reliability states: |4—
the system and components reliability critical state: IZ—
the mean value of uncoditional lifetime IW
the standard deviation of uncoditional lifetime: W

- the r -th coordinateR(t,r), t=0, of the system
unconditional  reliability  function R(t,D,
determined in Section 6,

PARAMETERS OF THE E-EIMPLEX TECHNICAL SYSTEM R‘ELIABILIT\"

the number of the system relisbility states: Cl
the system and compaonents reliability critical state: Cl
the mean value of uncoditional lifetime
the standard deviation of uncoditional lifetime:

Input reliability Function |

INPUT PARAMETERS OF THE SYSTEM RENEWAL PROCESS

mean value of system renovation ki _ x|

standard deviation of system renoy = GweR(2)

, sl |
number af syskem exceeding the cri e ||)+D.293*(R(t,r)[3])+0.455*(R(t,r)[4])|

[ o 1|

renewal process duration time
Cancel |

length of system availability inkerva

294

- the mean valuey,(r )of the system renovation
time,

- the standard deviationo,(r
renovation time,

- the numberN of the system exceeding the
critical reliability stater and renovations,

- the system renewal process duration tithe

- the length of the system availability interval
T.

Jof the system

Choose the renovation bype | Ignored time  Mor-ignored time | Results - ignored time | R
PARAMETERS OF THE COMPLEX TECHNICAL SYSTEM RELIABILITY

the numnber of the system reliability states: EI:'
the syskern and companents reliability critical state: Cl
the mean walue of uncoditional lifetime
the standard deviation of uncoditional lifetime:

Input reliabilicy Function

INPUT PARAMETERS OF THE SYSTEM RENEWAL PROCESS

standard deviation of system renovation time :l
number of system exceeding the critical reliabilicy state
Calculate |

mean value of system renovation time:

renewal process duration time

length of system availability interval

The computer program is predicted the following
characteristics of the complex technical system
renewal and availability [6]:

- the distribution function  F™(t,r)
=P(Sy (r) <t), t O(-w,»), of the time Sy(r),
rd{y2,...,z, until the Nth exceeding the
reliability critical stater of this systemN =12,...,

- the expected valueE[S, (r)] and the variance
D[S (r)] of the time S (r), r 1{12,...,2, until
the Nth exceeding the reliability critical stateof
this system,

- the distribution P(N(t,r) =N), N =12,...of the
number N(t,r), r 0{12,....Z4 of exceeding the
reliability critical stater of this system up to the
momentt, t = 0, -

— the expected valueH (t,r) and the variance
D(t,r) of the numberN(t,r), r 0{12,....3 of
exceeding the reliability critical state of this
system up to the momentt = 0, for sufficiently
larget, _

— the distribution functionF ™) (t,r), t 0 (-c0,00) of
the time Sy (r),r0{12,...,Z4 until the Nth
system’s renovation, for sufficiently largé,
N=12,..., _

— the_expected valueE[SN(r)] and the variance
D[Sy (r)] of the time Sy (r), r0{12,....Z until
theNth system’s renovation,
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- the diStribULion P(N(t, r) = N), N =12,..., of the I Distribution of number of exceeding o ] 4
number N(t,r), r0{12,...,.Z2 of system’s N Values
renovations up to the momentt > 0, ?g E?giéfggg??gzggé =

- the expected valueH (t,r) and the variance - T
D(t,r) of the numberN(t,r), rd{12,...,7Z4 of 3.0 0.262943627596745
system’s renovations up to the momett= 0, L e e

- the availability coefficient A(t,r), t=0, &0 0. 00406585 1200418
r 0{12,...,zZ of the system at the moment 7.0 0.000252419130553

— the availability coefficientAt,7,r), t=0, 7>0 22 0-J000 257086 159 e

y L1, 120,720, 9.0 0.000000230013725
r0{12,...,z2 of the system in the time interval 10,0 0,000000002499695
<t,t+r1),7>0.
g4 Distribution of time until the Nth syste; =10 x|
The renewal and availability characteristics of the t Values
H HA H 0.0 0,00001197041:3754 -

exemplary_ system in the case _when it is repairable [ o 0000 2051 e

and its time of renovation is non-ignored are [ 0.00001209514454

presented in the “Results — non-ignored time” tab jg gggggi;?:ﬁjﬁ;g:

shown belOW- - _ _ _ .0 0.00001227958554

Values of distribution of time until thidth exceeding £.0 0.000012342207524

reliability critical state and until thé\th system’s = .

renovation are presented in first two tables. la th |50 0.00001 2532159339

: e 10.0 0,000012596145734

next two tables there ar? given values of distradout 1o T

of the number of system’s renovation and the number |zq 0.00001 2724970835

of exceeding the reliability critical state for did i L0000E2A50eSE o

parametet 14.0 0,000012855048515

. 15.0 0,000012520560664
L4 Distribution of time until the Nth excee i ] | - 1o x|
k Walues 1 Values
0.0 0,00001 2592267495 Y 0.0 0. 068002585572557 -
71.536 0.00001 2656506436 10 0.19313731 1455707
143.072 0.000012721057016 =0 0. 30056104754 552
214,608 0, 00001 2785920663 =0 0. 760355455657609
286,144 0.0000125851098511 4.0 0.11748697121065
357.65000000000006 0,00001 2916592595 ] 0.0284245151 23405
429,216 0,00001 2952404367 a0 0.003676545705717
S00, 75200000000007 0,00001 3048534671 70 0.000253449440036 |
72,285 0,0000131 14985266 a0 0.000009276552453
643, 5240000000001 0.000013181757615 a0 0.0000001 79639517
715.3600000000001 0,00001 3245553157
786, 5960000000001 0,00001 3316273459

Choose the renovation bype | Tgniored kirne | Mon-ignored ke I Results - ignored time | Resulks - non-ignored kime 3|

the diskribution function of the time until the MNth exceeding the reliability critical state:

the expected value |3,666.8 and the wariance of the time I?S?,465.32

the diskribution of the number of exceeding the relishilicy critical skate - table

the expected value IZ.?S and the wariance |1 54 of the optimal number of exceeding the relishilicy critical skate

(3, 666,8, 870,32)

the diskribution function of the time unkil the MNEh syskem’s renowvation IN(S,EG"(—J.BJ 370.34)

the expected value IS,E?S.S and the wariance I?S?,49I:I.32

aof the kime until the MNth syskem’s renowvation

the distribution of the number of system’s renovations

the expected value |2.T-"2 and the wariance of the optimal number of system’s renovations  |1.52
the awvailability coefficient of the system at the moment ID.QF" in the time interval ID.236?4

Values

Values

WValues

‘alues

Prink

Lokl E

295



Blokus-Roszkowska Agnieszka, Kotowrocki KrzygztoXiuju

Integrated software tools supporting decision mglan identification, prediction and optimizationafmplex

technical systems operation, reliability and saf€tsrt 3 Integrated software tools application —
Exemplary system operation and reliability charaistics prediction

Acknowledgements

The paper describes the work in the Poland-
Singapore Joint Research Project titled “Safety and

Reliability of Complex

Industrial Systems and

Processes” supported by grants from the Poland’s
Ministry of Science and Higher Education (MSHE[G]
grant No. 63/N-Singapore/2007/0) and the Agency

for Science, Technology and Research of Singapore
(A*STAR SERC grant No. 072 1340050).

References

[1]

[2]

[3]

[4]

[5]

Blokus-Roszkowska, A., Guze, S., Kotowrocki,
K., Kwiatuszewska-Sarnecka, B., Milczek, B. &
Soszyiska, J. (2009). Methods of complexm
technical systems reliability, availability and
safety evaluation and prediction. Task 7.2 in
WP7: Integrated package of solutions for
complex industrial systems and processes safety
and reliability optimization. Poland-Singapore
Joint Project. MSHE Decision No. 63/N-
Singapore/2007/0. Gdynia Maritime University.
Blokus-Roszkowka, A., Guze, S., Kotowrocki, K. [8]
& Soszyiska, J. (2010). The computer program
for prediction of operation processes of complex
technical systems. Task 8.5 in WP8: Packages of
Tools for Complex Industrial Systems and
Processes Safety and Reliability Optimization.
Poland-Singapore Joint Research Project. MSHE
Decision No. 63/N-Singapore/2007/0.Gdynia
Maritime University.

Blokus-Roszkowka, A., Guze, S., Kotowrocki, K.
& Soszyiska, J. (2010). The computer program[g]
for evaluation and prediction of the complex
technical system reliability and risk. Task 8.6 in
WP8: Packages of Tools for Complex Industrial
Systems and Processes Safety and Reliability
Optimization. Poland-Singapore Joint Research
Project. MSHE Decision No. 63/N-
Singapore/2007/0.Gdynia Maritime University.
Blokus-Roszkowka, A., Guze, S., Kotowrocki, K.
& Soszyiska, J. (2010). The computer program
for prediction of complex technical systems
renewal and availability. Task 8.8 in WPS8:
Packages of Tools for Complex Industrial
Systems and Processes Safety and Reliability
Optimization. Poland-Singapore Joint Research
Project. MSHE Decision No. 63/N-
Singapore/2007/0.Gdynia Maritime University.
Blokus-Roszkowka, A., Kotowrocki, K. & Fu
Xiuju  (2011). Integrated software tools
supporting decision making on operation,
identification, prediction and optimization of
complex technical systems reliability and safety.

296

Part 2. Integrated software tools application —
Exemplary system operation and reliability
unknown parameters identificationSummer
Safety & Reliability Seminars. Journal of Polish
Safety and Reliability Associatioissue 5, Vol. 2,
2011, 279-288.

Kotowrocki, K. & Soszyska, J. (2010).
Integrated Safety and Reliability Decision
Support System — IS&RDSS. Tasks 10.0-10.15 in
WP10: Safety and Reliability Decision Support
Systems for Various Maritime and Coastal
Transport Sectors. Poland-Singapore Joint
Research Project. MSHE Decision No. 63/N-
Singapore/2007/0. Gdynia Maritime University.
Kotowrocki, K. & Soszyska, J. (2009). Methods
of complex technical systems operation processes
modeling. Task 7.1 in WP7: Integrated package
of solutions for complex industrial systems and
processes safety and reliability optimization.
Poland-Singapore Joint Project. MSHE Decision
No. 63/N-Singapore/2007/0. Gdynia Maritime
University.

Kotowrocki, K. & Soszyiska, J. (2010). The
exemplary system operation, reliability, risk,
availability and cost identification, predictiondan
optimization - Testing IS&RSS. Task 9.6 in WP9:
Applications and Testing of Packages of Tools in
Complex Maritime Transportation Systems and
Processes Safety and Reliability Optimization.
Poland-Singapore Joint Research Project. MSHE
Decision No. 63/N-Singapore/2007/0.Gdynia
Maritime University.

Kotowrocki, K., Soszyska-Budny, J. & Ng Kien
Ming. (2011). Integrated package of tools
supporting decision making on operation,
identification, prediction and optimization of
complex technical systems reliability and safety.

Part 2. IS&RDSS Application — Exemplary
system operation and reliability unknown
parameters identification.Summer Safety &

Reliability Seminars. Journal of Polish Safety and
Reliability Associationlssue 5, Vol. 2, 373-386.



