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Abstract

The integrated software tools are applied to themgtary system operation cost analysis and maintena
optimization. Using the computer program CP 8.KEtdhs obtained the evaluation of the cost befackadter
the exemplary system operation process optimizadimh next the computer program CP 8.13 is appbed f
operation cost analysis of the improved exemplaygtesn. The methods of corrective and preventive
maintenance policy maximizing availability and mmizing renovation cost of the complex technicalteys

in variable operation conditions are illustrated the analyzed exemplary system using equivalethtty
computer program CP 8.14 for maintenance policyimiaing system availability and CP 8.15 for minimig
system renovation cost.

12. The exemplary system operation cost - the number of operation states of the system
analysis operation procesv ,

- the transient probabilities in particular operation
12.1. The exemplary system operation cost states before the system operation process

analysis before and after its operation process  optimization from Section 5 in [4],
optimization

To determine the costs of the non-repairable and
repairable exemplary system before and after the
system operation process optimization we use the
computer program CP 8.12 “Prediction of system
operation cost” [8].

P P2y ooy Py

In order to do it the computer program is readimg i
- the time of the system operation process duration
o,
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s
Ciperation duration time: |1 ]
Murmber of operation states: |4
Transient probabilities in particular operation states before system operation process optimization: IEnter data from keyboard LI
jn.z14 0,035 0,293 f0.455|

- the transient probabilities in particular operation — the total number of the system componemts
states after the system operation process- the system and components critical reliability estat

optimization r,
- the mean value of the unconditional lifetime of the
Py Py oo Dy system in the reliability states subset not worse
than the system critical reliability statdefore its
from Section 8 in [5], operation process optimization
u(r),

Operation duration time:

Murnber of operation states:

- the mean value of the unconditional lifetime of the

system in the reliability states subset not worse
o214 b.038 0,253 0,455 than the system critical reliability stateafter its
operation process optimization

Transient probabilities in particular operation states before system operation process optimization

Transient probabilities in particular operation states after system operation process optimization:

0,341 0.105 0.245 J0.309] ,u(r) ’

- the mean value of the system renovation time

Ho(r)
-
Operation duration time: |1 —
Mumber of operation states: |4
Transient probabilities in particular operation states before syskem operation process optimization: IEnter data Fram kevboard j
ID.214 0,035 0.293 0.455
Transient prababilities in particular operation skates after system operation process optimization: Enter data Fram kevhoard j
ID.341 0,105 0.245 0,309
Mumnber of companents: |14
Systermn and components critical reliability state; |2
Mean value of unconditional system lifetime before optimization: ISS?.GS
Mean value of unconditional system lifetime after optimization: |41|3|2|3
Mean value of system renowvation time: |1|:|
Components operation costs: IRead from File j
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- the matrix of the operation costc (6,b), - the cost of the singular renovation of the repdérab
i=12,...,n, b=12..v, of the system single system with ignored time of renovation
basic componen E;, i =12,...,n, at the operation
statez,, b=12,...,v, during the system operation  Cy>
time @

- the cost of the singular renovation of the repdérab
01(49,1) cl(e,z)__,cl(e,u) system with non-ignored time of renovation
(. (0.0).., = c,(81)c,(6.2)...c,(6.v) .
i ' Xy 1 nig ?
c,(61)c,(6.2)...c,(6,v) fixed in [11].
Ziperation duration time: |1 o
Murmber of operation skates: |4
Transient probahilities in particular operation states before svskem operation process optimization; IEnter data Frarm kevboard LI
0.214 0,033 0,293 0,455
Transient probabilities in particular operation skakes after system operation process optimization: Enter data from keyboard LI
0,341 0,105 0.245 0,309
Murmber of components: |14
System and components critical reliability skate: |2
Mean value of unconditional syvstem lifetime before optimization: |35?-68
Mean value of unconditional system lifetime after optimization: I410.2|3
Mean value of system renovation kime: Im
Components operation costs: IEnter data From keyboard LI
|D |EI |1EID |IDD ;I
o fo j1o0 f100
o fo j1o0 f100 j
Cnst af swsken sinqular renovation - renewal ke is ignored: 1000
Zosk of sysken singular renoyation - renewal bme is nok ignored: G
QUTPUT Counk costs |

In Section 3 [3], itis fixed that the exemplarystm The computer program is estimating the following

s composed ofn=14 components and that_ the_ operation costs of the complex technical systerhs [7
numbers of the system components operating |r[ ol:

various operation states, .b’_ 1234, are different.  _ the total cost of the non-repairable system during
Namely, there are operating 6 system components at the operation tim 8, 830

the operation statesz, 8 system components at the T
operation statesz, and 14 system components at the C(H)
operation states z; and z,. In the computer '
program window below there are given, according to_
the arbitrary assumption, the approximate mean
operation cost of the single basic component of the
considered exemplary system that is used during the
operation timed = 1 year, independently of the C. (6?)
operation state, b= 1234. 9\

the total operation cost of the repairable system
with ignored its renovation time during the
operation timed, =0
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- the total operation cost of the repairable system- the time of the system operation process duration
with not ignored its renovation time during the &,

operation timed, =0 - the number of the operation states of the system
operation procesv,
Chnig (6) - the transient probabilities in particular operation

states before the system operation process
- the total optimal cost of the non-repairable system optimization
during the operation timed, 6=0, after its
operation process optimization P, Pyy -y Py

C(B), - the transient probabilities in particular operation

states after the system operation process
- the optimal total operation cost of the repairable optimization

svystem with ianored its renovation time during the

operation time 6, 620, after its operation P Py s Dy

process optimization

_ from results of Section 5 [4] and Section 8 [5],

Cig (‘9)

Operation duration process:

- the total optimal operation cost of the repairable
system with non-ignored its renovation time
during the operation timed, 6=0, after its

Nurmber operation states:

Transient probabilities in particular operation states before the system operation process optimizatio

operation process optimization [o.214 0.038 .29 p.45s
C nig (6) Transient probabilities in particular operatio states after the syskem operation process optimization:
. « , 0,341 0,105 0.245 0.309]
After pressing the button “Count costs'the I ;

computer program is estimating operation costs ol

the system. Given, as a result, the characterisfics
= the total number of the system componemnts

the exemplary system operation cost are shown i -
below in the widow ,OUTPUT". - the system and components critical reliability estat

rl

QUTPUIT I Eounk Coate ]
Total cost of non-repairable system: 12060

Total cost of repairable system — renewal time is ignored: 1208 7957951241323

Total cost of repairable system - renewal time is not ignored: 1210 073&3446475F

Total cost of non-repairable systewm after optimization: 10&4.159333333323333

Total cost of repairable system after optimization - renewal time is ignored: 10&6.&83783EEZ0E34
Total cost of repairable system after optimization - renewal time is not ignored: 1067, 7637287008185

Save |
12.2. Operation cost analysis of the improved - the mean value of the unconditional lifetime of the
exemplary system non-repairable  system with  non-improved

components in the reliability states subset not
worse than the system critical reliability state
before its operation process optimization

To determine the costs of the non-repairable and
repairable improved exemplary system with reserve
and improved components before and after this
system operation process optimization we use the
computer program CP 8.13 “The computer program pr),
for prediction of operation cost of complex teclahic
systems with reserve and improved components”.
The computer program is reading in [9]:

- the mean value of the unconditional lifetime in the
reliability states subset not worse than the system
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critical reliability stater of the non-repairable - the optimal mean value of the unconditional
system with its components hot single reservation lifetime in the reliability states subset not worse

before its operation process optimization than the system critical reliability stateof the
non-repairable system with its components hot

1), single reservation after its operation process
optimization

- the mean value of the unconditional lifetime in the

reliability states subset not worse than the system i@ (r),

critical reliability stater of the non-repairable

system with its components cold single reservation- the optimal mean value of the unconditional

before its operation process optimization lifetime in the reliability states subset not worse
than the system critical reliability stateof the
1A (r), non-repairable system with its components cold

single reservation after its operation process
the mean value of the unconditional lifetime in the optimization
reliability states subset not worse than the system
.. s . - (2)
critical reliability stater of the non-repairable 1),
system with its components improved by the
reduction of their rates of departures from the— the optimal mean value of the unconditional

reliability state subsets before its operation pssc lifetime in the reliability states subset not worse

optimization than the system critical reliability stateof the
non-repairable system with its components

u®(r), improved by the reduction of their rates of

departures from the reliability state subsets atfser
the optimal mean value of the unconditional operation process optimization
lifetime of the non-repairable system with non-
improved components in the reliability states ﬂ(s)(r).
subset not worse than the system critical religbili

stater after its operation process optimization - in the case of a repairable system with non-ignored
renovation time the mean value of the system
(4O, renovation time
Ho(r),

from results of Section 11 in [5] and [11],

Mumber of compaonents: |14
System and components critical reliability state: |2
Mean value of unconditional lifetime of non-repairable system with non-improved components before optimizakion: I355.35
Mean value of unconditional lifetime of nan-repairable system with its components hot single reservation before optimization: |?12.Ell
Mean value of unconditional lifetime of non-repairable system with its components cold single reservation before optimization: IQ??.S?
Mean value of unconditional lifetime of non-repairable system with its components improved by reduction of their rates of departures before optimization: I4D4.90
Mean value of unconditional lifetime of non-repairable system with non-improved components after optimization: |4D?.4D
Mean value of unconditional lifetime of non-repairable system with its components hot single reservakion after optimization: I?Sl 33
Mean value of unconditional lifetime of non-repairable system with its components cold single reservation after optimization: IID?U.DI
Mean walue of unconditional lifetime of non-repairable system with its components improved by reduction of their rates of departures after optimization: |464.4?
Mean value of systern renovation time: |10|

FOR NOM-REPAIRABLE SYSTEM:

Operation costs of basic components of system with non-improved components: IRead From file LI
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i) for a non-repairable system: [~ @ - ~ i
- the matrix of the operation costc® (8,b), a” (01) e (62)...c(6.v)
i=12..n b=12..v, of the system single - ¢ (80)cs’(8.2)...c5 (B.v)
basic com < i = i - ci [(8.0)]n = ’ D
ponentsE;, i=12..,n, with non nxv
improved components at the operation sz e _2 0 0
b=12,...,v, during the system operation tir 6} o (02) ¢ (8.2)...cn (.v)]
c9(01)c?(6,2)...c°(6,v) — the matrix of the operation cosc® (6, p(r),b),
() () () i=12,...,n, b=12..v, of the system single
c,’\81)c,’8,.2)...c;7\8,v _ I
[c®(6,b)],,, =| 2 61)c(02)... 27 ) basic componeniE,, i =12,...,n, with improved
components in the operation stz,;b=12,...,v,
c@(62)c(,2)...c7(6,v) during the system operation tir 82
- the matrix of the operation costc® (6,b), c®(61)c?(8.2)...c2(6,v)
i=12,..,n, b=12..v, of the system single c®(g1)c®(9.2). c9(g.v
basic componentE,, i=12,...n, with a hot [c®(8,b)],,., =| 2 61c(0.2)..c5(e, )
single reservation of components in the operation
statez,, b=12,...,v, during the system operation c®(61)c®(8,2)...cP(6,v)
time @
ii) for a repairable system with ignored renovation
c®(61)c(6.2)...c°(6.v) time:
c®(81)c®(6.2)...c*(8,v — the cost of the singular renovation of the repaérab
[Ci(l)(g’b)]nxv = ( ) ? ( ) ’ ( ) system with ignored renovation time with non-

improved components is
c®(81)c®(6,2)...c2(a,v)
c,

- the matrix of the operation costc® (6,b),
i=12,..,n, b=12..v, of the system single - the costof the singular renovation of the repagrab

basic componentE;, i=12,..,n, with a cold system with ignored renovation time with a hot
single reservation of components in the operation single reservation of components is
statez,, b=12,...,v, during the system operation

time & Ci(gl),
Cl(z) («9,1) 01(2) (9,2)_ - 01(2) (H,v - tshe cost of th(_e singular renovgtion_ of the. repdérab
ystem with ignored renovation time with a cold
@ _|cP(62)c(0.2)...c (6.v) single reservation of components is
[Ci (61b) xv '
L0
c?(62)c?(6,2)...c?(6,v) 9
- the cost of the singular renovation of the repdérab
- the matrix of the operation costc®(6,b), system with ignored renovation time with
i=12..,n b=12..v, of the system single  jmproved components by reduction the rates of
reserve componen'k, i=12...n, with a cold departures from the reliability state subsets

single reservation of components in the operation
statez,, b=12,...,v, during the system operation Ci(g3),
time &
iiiy for a repairable system with non-ignored
renovation time:
- the cost of the singular renovation of the repdérab
system with non-ignored renovation time with
non-improved components is
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c,ﬁ?g - the total operation cost of the non-repairable
system with a cold single reservation of
- the cost of the singular renovation of the repdirab ~ components during the operation tifdg 6= 0
system with non-ignored renovation time with a

hot single reservation of components is c@@®),
c,ﬁ% - the total operation cost of the non-repairable

system with improved components by reduction
- the cost of the singular renovation of the repd@rab  their rates of departures from the reliability stat
system with non-ignored renovation time with a  subsets during the operation til@dz 8 =0
cold single reservation of components is

C(,p(r)),

ii) for a repairable system with ignored renovation
— the cost of the singular renovation of the repdérab time:
system with non-ignored renovation time with — the total operation cost of the repairable system
improved components by reduction the rates of with ignored renovation time with non-improved

c@

nig ?

departures from the reliability state subsets components during the operationtidg =0
c®. Cy(6),

In the window below there are given, arbitrary
assumed [11], the approximate mean operation cost
of the single basic, reserve and improved
components of the considered exemplary system that
are used during the operation tirle= 1000 days.

FOR REPAIRABLE SYSTEM WITH IGNORED REMOMATION TIME:

Cost of singular renowvation with non-improved components: |SD

Cost of singular renovation with a hot single reservation of components: |IDD

Cost of singular renowvation with a cold single reservation of components: |?5

Cost of singular renovation with improved components by reduction the rates of departures: |150

FOR REPAIRABLE SYSTEM WITH NOM-IGMORED REMOWATION TIME:

Cost of singular renovation with non-improved components: ISDD

Cost of singular renovation with a hot single reservation of components: IIDDD -

Cost of singular renovation with a cold single reservation of camponents: I?SD

Cost of singular renovation with impraved components by reduction the rates of departures: |150|

QUTPUT Counkt costs | _I
-

The computer program is estimating the following _
operation costs of the complex technical systems .., ignored renovation time with a hot single

[107: . L reservation of components during the operation
a) before the system operation process optimization time 8. 8>0

i) for a non-repairable system:

- the total operation cost of the non-repairable co (o)
system with non-improved components during the 9 * 7’
operation timed, 6= 0

the total operation cost of the repairable system

- the total operation cost of the repairable system
with ignored renovation time with a cold single
reservation of components during the operation
time 8, =0

c),

- the total operation cost of the non-repairable
system with a hot single reservation of c@ ()
components during the operation ti 82 6 =0 9 '
cv (),
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- the total operation cost of the repairable system- the total optimal operation cost of the non-

with ignored renovation time with components

repairable system with a hot single reservation of

improved by reduction their rates of departures compbonents during the operationtid2 =0

during the operation tim@, =0

C(8,p(r)),

iy for a
renovation time:

repairable system with non-ignored

C(l) (g) '

- the total optimal operation cost of the non-
repairable system with a cold single reservation of
components during the operationtid2 =0

— the total operation cost of the repairable system C@(4),

with non-ignored

renovation time with non-

improved components during the operation time— the total operation cost of the repairable system

g,6=0 with non-ignored renovation time with a cold
single reservation of components during the
c9, operation timed, =0
nig
. . c® C)
- the total operation cost of the repairable system “nig\“/»
with non-ignored renovation time with a hot
single reservation of components during the
operation timed, 6= 0
cY 6)
nig 1
GUTELT pr—— e I
The total operation cost before optimization: j
- of the non-repairable system:
- with non-improved components is : 1Z080.0
- with a hot single reservation of components is : Z4120.0
- with a cold single reservation of components is : 18090.0
- with improved components by reduction their rates of departures is : 180%0.0
- of repairable system:
- with ignored renovation time: J
- with non-improwved components is @ 12Z00.7083458L56199
- with a hot single reservation of components is : F4Z60. 447465625488
- with a cold single reserwvation of components i= - 18186 _&3732115035732
- with improved components by reduction their rates of departures is @ 18460 45184Z430ZF28
- with non-ignored renovation time: :I
- with non-improwved components is :© 13428 55070480361ZF
- with a hot single reservation of components is : ZEEOE.0Z2Z365111244
- with a cold single reservation of components is : 18843 Z092Z07889E7 J
- with improwved components by reduction their rates of departures is : 18451. 5328594338354
The total operation cost after optimizmation:
- of the non-repairable system: LI

b) after the system operation process optimization
i) for a non-repairable system:

- the total operation cost of the repairable system
with non-ignored renovation time with improved
components by reduction the rates of departures in

- the total optimal operation cost of the non- the reliability state subsets during the operatiore
repairable system with non-improved componentsg, >0

during the operation tim@, =0

c),

c @, p(r)),

- the total optimal operation cost of the non-
repairable system with improved components by
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reduction their rates of departures from the C(O)(g)

reliability state subsets during the operation time
6,620

CO,p(r),

ii) for a repairable system with ignored renovation

time:

- the total optimal operation cost of the repaired
system with ignored renovation time with non-
improved components during the operation time-—
6,620

Cig)) (8) J

the total optimal operation cost of the repaired
system with ignored renovation time with a hot
single reservation of components during the
operation timed, 6= 0

~ (D)
Cig (8) J

the total optimal operation cost of the repairable
system with ignored renovation time with a cold

single reservation of components during the Cnlg

operation timed, =0

the total optimal operation cost of the repairable
system with non-ignored renovation time with a
hot single reservation of components during the
operation timed, 6= 0

c9
n|g

),

the total optimal operation cost of the repairable
system with non-ignored renovation time with a
cold single reservation of components during the
operation timed, 6= 0

(2)
n|g

),

- the total optimal operation cost of the repairable

system with non-ignored renovation time with
improved components by reduction the rates of
departures in the reliability state subsets dutiiveg
operation timed, =0

10 (6, 0(r)) .

The results of the program for the operation cost

c(8),

analysis of the improved exemplary system are

presented in the following two windows.

the total optimal operation cost of the repairable
system with ignored renovation time with
improved components by reduction the rates of
departures during the operation tif2 8=0

P8, p(r)),

FOR REPAIRAEBLE SYSTEM WITH IGNCRED REMOYATION TIME:

Cost of singular renowation with non-improved components:

Cost of singular renovation with a hot single reservation of components:

Cost of singular renowvation with a cold single reservation of components:

Cost of singular renovation with improved components by reduction the rates of departures:
FOR REPAIRABLE SYSTEM WITH MON-IGMORED REMOYATION TIME:

Cost of singular renovation with non-improved components:

Cost of singular renovation with a hot single reservation of components:

Cost of singular renavation with a cald single reservation of camponents:

Cost of singular renovation with impraved components by reduction the rates of departures:

iiiy for a repairable system with non-ignored

renovation time;:

- the total optimal operation cost of the repairable
system with non-ignored renovation time with
non-improved components during the operation
time 8, 620
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U

UL LU i

- of repairable system:

- with ignored renovation time:

- with non-inproved components is @ 10764 729504172803

- with a hot =single reserwvation of components is

- with a cold single reservation of components is

OUTRUT

21411.38659414204
1e033. 022802871

- with improved components by reduction their rates of departures is -

1EE8E5. 9487372704327

Count cosks |

The total operation cost after optimization:

- of the non-repairable system:

- with non-inproved components is - 10642.0
- with a hot single reserwvation of compohnents is @ Z1284.0
- with a cold single reservation of components is : 15963.0

OUTPUT

- with improved components by reduction their rates of departures is -

158363, 0

Count cosks i

- with a cold single reservation of components is -

- with non-igunored renovation time:
- with non-inproved components is - 11839 831710533363
- with a hot single reservation of components is :

- with a cold single reservation of components is -

13. The exemplary system corrective and

16033, 052802871

- with improved components by reduction their rates of departures is -

ZEE47.B3EZITTEITIE
16657 . 43801446283

- with improved components by reduction their rates of departures is -

1EE8E5. 9487372704327

16279 142221847628

/|

preventive maintenance policy optimization

13.1.Maintenance policy maximizing system
availability

To optimize the exemplary system corrective and
preventive maintenance policy maximizing its

Optimization of complex technical systems corrective and preventive maintenance policy 1

Input parameters of the complex technical system reliability

number of the system reliability states:
system critical reliability state:

Read reliability Function

.
—
|

availability, we use the computer program CP 8.14- the r -th coordinateR(t,r), t=0, of the system

“Optimization of system corrective and preventive
maintenance policy maximizing their availability”.
The computer program allows to determine [1] the

unconditional  reliability ~ function

determined in Section 6 [4],

R(t,[),

Optl mal Val ue Of the SyStem preve ntlve mal nte nance Optimization of complex technical systems corrective and preventive mainkenance policy maximizing their

period of time that maximizes the availability
coefficient of this system using the method of
secants, in the case when such optimal value exist:
Otherwise, in the case when there is no optimaleval
of the preventive maintenance period of time that
maximizes the system availability coefficient, the
computer program allows to determine the values of
the system availability coefficient for the fixed
values of the preventive maintenance period of .time
To make the optimization the complex technical

system corrective and preventive maintenance policy

The computer program is loaded the following input
renewal parameters [11]:

- the mean valuey,(r) of the system corrective

maximizing its availability, the computer program i
loaded following input reliability parameters:

- the number of the system reliability states,

- the system critical reliability state

332

Input parameters of the complex technical system reliability

numnber of the system reliability states:
system critical reliability state:

Read reliability function

—
—
|

|

input parameters of th PRTESSSEEEEN

mean value of the system cor —
. Give R(E,2)

I |
mean value of the system pre e ||)+D.293*(R(t,r)[3])+0.455*(R(t,r)[4])

cot_|
I Opkirnize:

measure of the method of ser

rrmber of the values of the s

mean value:

maintenance (renovation) time,
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- the mean valuey, (r) of the system preventive When the optimal value exists, program gives the
maintenance (renovation) time, appropriate  message in result window, with
- the measure of the method of secants’ accuracy, particular value of maximal availability coefficien
— the number x of the values of the system and value of optimal period.
preventive maintenance period for which we find

the values of the availability coefficient of the

system eta= 500.75200000000007 value= 0.97109713447554 17 4l
’ . eta= 572,288 value= 0,9715219873507291
- the valuesy,, 7, , ..., 7, of the system preventive  |eta= £438240000000001 value= 0.9715155644886057

. . . . eta= 715,36 valle= 0.97 203456307 12083
maintenance period for which we find the values |- 786 596000000000 Lyvalue= 0.97219 1836864318

i ili 1C1 eta= 858.4320000000001 value= 0.972328530194013
Of the avallablllty CoefﬂClent' eta= 929.9680000000001 value= 0.9724280968239022
eta= 1001, 5040000000001 value= 0,97 250054652480 16
eta= 107304, valle= 0.9725665939246584
eta= 1144, 576 value= 0,97 2614673828037
eta= 1216112 valle= 0.972652743629536
eta= 1287 8480000000001 value= 0.9726829717818471
eta= 1359 1840000000002, value= 0,97 270502458911026

1| »

RESULTS:

Optimization of complex technical systems corrective and preventive mainkenance policy maximizing their
Input parameters of the complex technical system reliability

numnber of the system reliability skates:

system critical reliability state:

n

Read reliability function

Input parameters of the complex technical system renwal process

13.2. Maintenance policy minimizing system
renovation cost

mean value of the system correckive mantenance time:
mean valug of the syskem preventive maintenance:

measure of the method of secants' accuracy:

To optimize the exemplary system corrective and
nurnber of the walues of the system preventive mainkenance period: 21 . . . .. .. R
- preventive maintenance pollcy minimizing Its cokt o
mean valug: 357,60 Cptirize .
renovation, we use the computer program CP 8.15

o . .., “Optimization of system corrective and preventive
To start the optimization, the button “Optimize” . aintenance policy minimizing their cost of

should be pressed. According to the procedure Ofgnoyation”. The computer program allows to
optimization [7] when the the mean value of the yetermine [2] the optimal value of the system age a
system corrective maintenance (renovation) time i§yhich the system successive preventive renovasion i
less or equal to the mean value of the systeMyerformed that minimizes the cost of the system
preventive maintenance (renovation) time, thenether . ovation per unit of time using the method of
is no optimal value, what is signed in the field of socants, in the case when such optimal value exists
results. Otherwise, in the case when there is no optimaleval
of the system age at which the system successive
Input parameters of the complex technical system reliability preventive renovation iS perf(_)rmed that minimizes
s o e e el i I the cost of the system renovation per unit of tithe,

E program allows to determine the values of the syste
operation cost for the selected fixed values of the
system age at which the system successive

11411

Optimization of complex technical systems corrective and preventive maintenance policy maximizing thei

system critical reliability state:

Read reliability Function

Input parameters of the complex technical system renwal process preventive renovation iS performed
mean value of the system corrective mainkenance time: IID

The computer program is loading the following input

mean value of the system preventive maintenance: IS parametel’s for the COmpIeX teCh nlcal Syste m
measure of the method of secants' accuracy: ID.DDI . T .
reliability:
number of the values of the system preventive maintenance period: IZD . -
| e — the number of the system reliability states,
mean value: . plirnize | .. . -
RESULTS: — the system critical reliability state
Cptimization of the corrective and preventive maintenance policy - — the r -th coordinateR (t 1 ) , 12 0! of the SyStem
Peliability functon: 0.2 14%(2*Math.exp(-0.003 PE-Math.exp (0,008 2%+ 0.0 unconditional re||ab|||ty function R(t’[),

There is No optmal value! . . .
g determined in Section 6 [4],
eta= 0.0,valle= 0.0
eta= 71.536,value= 0,.93030506 10862322
eta= 143,072 vaue= 0957339727917 7755
eta= 214.60800000000003 valle= 096499 23536220403
eta= 286, 144 walue= 0,968082644252789
eta= 357 68,value= 0.9696322433209007
eta= 429.2 1600000000007 value= 0.9705340370045736
leta= 500, 75200000000007 vaue= 09710971344 758417
eta= 572,288 waue= 0,9715219873507291
eta= £43.624000000000 1,value= 0,97 18155644836057 _I;I
»

[
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Cptimization of complex technical systems corrective and preventive maintenance policy
Input parameters of the complex technical system reliability

number of the system reliability states:

system critical reliability state:

Al

Read reliability Function

mean walue of the o 9
[ |

x| del

Give R(E,2)
||)+D.293*(R(tJr)[3])+D.455*(R(t,r)[4])

o]

=

mean value of the ¢

measure of the met Cancel |

number of the valu = T

The computer program is loading the following input

parameters for cost model of complex technical

system [11]:

- the mean valuec,(r) of the cost of the system
corrective maintenance (renovation),

- the mean valuec (r) of the cost of the system
preventive maintenance (renovation),

- the measure of the method of secants accuracy,

- the numberx of the values of the system age for
which we find the values of the cost of the system
renovation per unit time,

- the values¢,, ¢,, ..., ¢, of the system age for
which we find the values of the cost of the system
renovation per unit time.

Optimization of camplex technical systems corrective and preventive maintenance palicy minimizing their ¢
Input parameters of the complex technical system reliability

Input parameters of the complex technical system reliability
riumber of the system reliability states: |4
|2

system critical reliability state:

Read reliability Function

Input parameters of the complex technical system cost model

mean value of the cost of the system corrective maintenance: W
mean value of the cost of the system preventive maintenance: l—
measure of the method of secants’ accuracy: W
number of the values of the system preventive maintenance period: l—

mean valus:

357,60 Qptirnize |

Cptimization of the corrective and preventive maintenance polos
Reliability function: 0,2 14%(2¥Math.exp(-0.003 1*E)-Math. expi-0
There is no optimal value!

RESULTS:

Print |
e |
Exit |

ksi= 71,536, value= 1154657 795693888
ksi= 143.072, value= &.28160 14520486875
ksi= 214.60800000000003, vaue= 4.6824125897574 38

RESULTS:

ksi= 286.144, value= 3.966014229183159

ksi= 357.68, valle= 3.5763591370010156

ksi= 429, 21600000000007, value= 3.3426 108215859323
ksi= 500, 75200000000007, value= 3,192016841225549
ksi= 572.288, valle= 3.088844 3652044057

ksi= £43.5240000000001, value= 3.015579348234211
kSI 715,36, value= 2, 962994838612??36

=

il

L

J Print
il

_ ten |
Exit

RESULTS:

ksi= 786.8960000000001, value= 2.92419 1096821042
ksi= 8584 320000000001, value= 2.8951284687652688
ksi= 929.9680000000001, value= 2.8731065721971305
ksi= 1001, 5040000000001, value= 285644553804 13599
ksi= 1073.04, value= 2.8434322439156%
ksi= 1144.578, value= 2.833337565280285
kSI 121,112, value= 2. 825362010?736035

I P : Exit
number of the system reliability states: |4
system critical reliability state: |2
RESULTS:
Read relisbilicy function |
ksi= 1073.04, value= 2.84343224321569 [
Input parameters of the complex technical system cost model ksi= 1144.576, value= 2.5833337566 280285
. ) ksi= 1216.112, value= 2.8253620107736035
I F th t of th b t I 8 1000 !
AN VLS o HE CoS 61 he system sanecive martenants [ ksi= 1267,6480000000001, value= 2.8192129626171617 orr
mean value of the cost of the system preventive mainkenance: I ksi= 1359, 1840000000002, value= 2.8144495425231444 J
measure of the method of secants' accuracy: ID.DDI (ES R R NS e O 5 Py e
number of the values of the system preventive maintenance period: 20 4 | | | Exit
mean value: 357,66 Optimize |
Acknowledgements
To start the optimization procedure [7], the button
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