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- 360 pipe segments, with the conditional relidpili
functions co-ordinates

[R?(t,1)]” = expF0.0059],
[R(t,2)]” = exp[-.0074],

i =12 j=12,..360,

- 2 valves with the conditional reliability functie
co-ordinates

[R?(t,1)]” = expF0.0164],
[R?(t,2)]” = exp[0.0181],
i=12, j=361362

In the pipeline of the second type there are:

- 360 pipe segments with the conditional relidpili
functions co-ordinates

[R?(t,1)]® = expF0.0071],
[R?(t,2)]” = expF0.0079],
i=3 j=12,...360

- 2 valves with the conditional reliability functie
co-ordinates

[R?(t,1)]” = expF0.0164],
[R?(t,2)]” = exp[0.0181],
i=3 j=361362

At the system operation state,, the system is
composed of two subsystemss, S,, each

containing 2 pipelines with the structure showed in
Figure 14

The subsysteng, consists of 2 identical pipelines,
each composed of 178 components. In each pipelin

there are:

- 176 pipe segments with the conditional reliapilit
functions co-ordinates

[RY(t,1)]® = exp[0.0062],
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[R”(t,2)]” = exp[0.00848],

i=12, j=12,..176

- 2 valves with the conditional reliability functie
co-ordinates

[R”(t,1)]® = expF0.0164],
[R”(t,2)]” = exp[-0.0181], i = 12, j =177178.

The subsystens, consists of 2 identical pipelines,
each composed of 719 components. In each pipeline
there are:

- 717 pipe segments with the conditional reliapilit
functions co-ordinates

[R®(t,1)]® = expF0.0062],
[R?(t,2)]® = exp[0.00848],
i=12 j=12,...,717,

- 2 valves with the conditional multi-state relilétlyi
functions co-ordinates

[R?(t,1)] = expf0.0168],
[R? (t,2)]” = exp[-0.0181],
i=12 j=718719

At the system operational statg, the system is
composed two subsysten®, S,, each containing
2 pipelines and one subsyste®, containing 3

pipelines with the structure showedrigure 15

The subsysteng, consists of 2 identical pipelines,
each composed of 178 components. In each pipeline
there are:

- 176 pipe segments with the conditional reliapilit
functions co-ordinates

© [R”(t,1)]“ = expF0.0062],
[R”(t,2)]“ = exp[-0.0088],
i=12 j=12,..176

- 2 valves with the conditional reliability functie
co-ordinates
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[R? (t,1)]“ = exp[-0.0164], - 360 pipe segments with the conditional relidpili
functions co-ordinates

[R¥(t,2)]“ = exp[-0.0181], [R® (1] = exp0.0071],

i=12, j=177178
[R?(t,2)]“ = expF0.0079],
The subsystens, consists of 2 identical pipelines,
each composed of 719 components. In each pipeline i =3 j =12,...360,
there are:
- 2 valves with the conditional reliability functie
- 717 pipe segments with the conditional reliapilit co-ordinates
functions co-ordinates
[R?(t,1)]” = expF0.01646],
[R?(t,1)]“ = expF0.0062],

[R?(t,2)]” = exp[F0.0181],
[R?(t,2)]“ = exp[0.00848],
i =3 j=361362
i=12 j=12..717
At the system operational statg, the system is
- 2 valves with the conditional reliability functie  ggaries and composed of two subsyste&nsS

co-ordinates each containing 2 pipelines with the structure

showed inFigure 16

The subsysteng, consists of 2 identical pipelines,
each composed of 178 components. In each pipeline
[R?(t,2)] = expF0.0181], there are:

[R®(t,1)]“ = expf-0.0168],

i=12 j=718719. - 176 pipe segments with the conditional reliapilit
functions co-ordinates

The subsystens; consists of 2 pipelines of the first

type and 1 pipeline of the second type, each [R”(t.1)]® =expf0.0063],
composed of 362 components. In each pipeline of

the first type there are: [R®(t,2)]® = exp[-0.0088],

- 360 pipe segments with the conditional relidypili i=12 j=12..176
functions co-ordinates :

- 2 valves with the conditional reliability functie

[R (D] = exp[0.0054), co-ordinates

[R?(t,2)] = expF0.0074], [RY(t,1)]® = expF0.0164],
=12 j=12,..360 [R”(t,2)]® = expF0.0181],
- 2 valves with the conditional reliability functie i=12 j=177178

co-ordinates

The subsystens, consists of 2 identical pipelines,
each composed of 719 components. In each pipeline
there are:

[R®(t,1)]" = expf-0.0168],

[R?(t,2)]” = exp[-0.0181],
- 717 pipe segments with he conditional reliability
i=12 j=361362 functions co-ordinates

In the pipeline of the second type there are: [R (1] = exp[-0.0062],
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[R®(t,2)]® = exp[0.0088], =12, j=12,..717,

i=12, j=12,...717, - 2 valves with the conditional reliability functie
co-ordinates

- 2 valves with the conditional reliability functie

co-ordinates [R?(t,1)]° = expF0.0164],
[R?(t,1)]® = expF0.0164], [R?(t,2)] = expF0.0181],
[R®(t,2)]” = exp[-0.0181], =12 j=718719
i=12 j=718719 The subsystens; consists of 2 pipelines of the first

type and 1 pipeline of the second type, each
composed of 362 components. In each pipeline of

At the system operational state, the system is '
y P = y the first type there are:

composed of two subsystemss, S,, each
containing 2 pipelines and one subsyste®) - 360 pipe segments with the conditional relidyili
containing 3 pipelines with the structure showed infunctions co-ordinates

Figure 17
The subsysteng, consists of 2 identical pipelines, [R?(t,1)]° = expF0.0059],
each composed of 178 components. In each pipeline

there are: [R¥(t,2)]® = expF0.0074],

- 176 pipe segments with the conditional reliapilit

functions co-ordinates =12 j=12,...360

[RY (t,1)]® = expf0.0062], -2 va!ves with the conditional reliability functie
co-ordinates

[le(l) (t,2)] 6 — exp[—00088], [le(3> (t,l)] 6 — exp[—00166],

=12, j=12,..176 [le(3> (t,Z)](G) — exp[—00181],
- 2 valves with the conditional reliability functie

co-ordinates i=12, j=361362

[RY (t,1)]® = expf-0.0166], In the pipeline of the second type there are:

) o - 360 pipe segments with the conditional relidypili
[RY(t,2)]® = expf0.0181], functions co-ordinates

i=12, j=177178 [RY(t,1)]® = expF0.0071],

The subsystens, consists of 2 identical pipelir_1es,_ [R(t,2)]® = exp[-0.00749],
each composed of 717 components. In each pipeline ~ '
there are: . .
i=3 j=12..360
- 717 pipe segments with the conditional reliapilit _ - o .
functions co-ordinates - 2 valves with the conditional reliability functie
co-ordinates

@ (t,1)]° = expl-0.006],
[R7” €01 = expf0.0062] [R® (t1)]® = exp[-0.0168],

@ (t,2)]® = exp[-0.0088],
[R”(t:2)] = expf-0.0088] [R®(t,2)] = exp[-0.0181],
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i=3 j=361362

At the system operational state, the system is
composed of the subsyste®), which contains 3
pipelines with the structure showedHigure 18

5.2. Statistical identification of the shipyard
ship-rope elevator components reliability
models

5.2.1. The subsystems and components of the

The subsysten$; consists of 2 pipelines of the first Shipya_rd ship-rope elevator in various
type and 1 pipeline of the second type , eachoperation states

composed of 362 elements. In each pipeline of therhe considered ship-rope elevator, with the scheme

first type there are:

- 360 pipe segments with the conditional relidpili
functions co-ordinates

[R?(t,1)]” = expF0.0059],
[R?(t,2)]” = exp[F0.0074],
i=12 j=12,...360

- 2 valves with the conditional reliability functie
co-ordinates

[R?(t,1)]” = expF0.0164],
[R?(t,2)]” = expF0.0181],
i=12, j=361362
In the pipeline of the second type there are:

- 360 pipe segments with the conditional relidypili
functions co-ordinates

[R?(t,1)]” = expF0.0071],
[R?(t,2)]” = expF0.0079],
i=3 j=12,..360

- 2 valves with the conditional reliability functie
co-ordinates

[R?(t,1)]” = expF0.0164],
[R?(t,2)]” = exp[0.0181],

i=3 j=361362
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presented inFigure 19 is composed of a steel
platform-carriage moved vertically with 10 rope-
hoisting winches. In our further analysis we will
discuss the reliability of the rope system onlywso
assume the considered system is composed of 10
subsystems i.e. ropes in rope-hoisting wincheshEac
of the ropes is composed of 22 identical strandk an
we consider strands as a basic components of the
system.

SHIPYARD

WHARF

5 ROPES S

PLATFORM TRARRRRARA

H (S I I I I I I I T
wzay TARARRARRARRRAA
L 2R ARRRRR/RRRRRRRARAAARRRARRRAAARRARRRRRA
r e ASHIP 2z e e e e rerre SEAR R R R RRRARARRRARRRRA

Figure 19.The scheme of the ship-rope elevator

The ship-rope elevator consists of ten subsystems
S, k=123...10:

- the subsysten$, composed of twenty two identical
strands, denoted respectively By, i =12,...22,
- the subsystens, composed of twenty two identical
strands, denoted respectively By, i =12,...22,
- the subsystens, composed of twenty two identical
strands, denoted respectively By, i =12,...22,
- the subsysten$, composed of twenty two identical
strands, denoted respectively By, i =12,...22,
- the subsystens, composed of twenty two identical
strands, denoted respectively By, i =12,...22,
- the subsystens, composed of twenty two identical
strands, denoted respectively By, i =12,...22,
- the subsysten$s, composed of twenty two identical
strands, denoted respectively By’, i =12,...22,
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- the subsysten®, composed of twenty two identical * a reliability state 2 — the number of broken

strands, denoted respectively By, i =12,...22, wires in the strand is greater than 0% and
less than 25% of all its wires, or corrosion of

- the subsystens, compo.sed of ‘f\/)ve'nty two identical wires is greater than 0% and less than 25%,
strands, denoted respectively By’, i =12,...22, « a reliability state 1 — the number of broken
- the subsystemS, composed of twenty two wires in the strand is greater than or equal to

25% and less than 50% of all its wires, or

identical strands, denoted respectively K", : ek
corrosion of wires is greater than or equal to

1=12,..22 25% and less than 50%,

The subsystem§, , k =12,...10 are forming a * a reliability state 0 — otherwise (a strand is
general ship-rope elevator structure presented in failed).

Figure20. Moreover, we fix that there are possible the

transitions between the components reliabilityestat
only from better to worse ones.

— S — S, - — S, From the above, the shipyarship-rope elevator
subsystems S, k=123..10, (ropes) are
Figure 20.General scheme of ship-rope elevator composed of four-state (strands), i.e. = 3,

components E", k=123,...10, with the

However, the ship-rope elevator structure and the,qnqitional multi-state reliability functions
subsystem components reliability depend on its

changing in time operation states. [R®(t, 01"

Taking into account the expert opinion on the
operation process of the considered ship-rope =[1] RY (t, )], [R™ (t,2)]™ ,[R™ (t,3)]™],
elevator we fix the number of ship-rope elevator
operation process states=5 and we distinguish the b=12..5
following as its five operation states:
* an operation state, — loading over O up to with
500 tones,
* an operation state, — loading over 500 up
to 1000 tones,
* an operation state, — loading over 1000 up

exponential ~ co-ordinates [R™ (t,1)],
[R™(t,2)]” and [RY(t,3)]” different in various
operation stateg , b=12,...5.

More precisely, from the performed in Section 3.4.2

analysis, the unknown reliability parameters of the
to 1500 tones, system components reliability models in various
* an operation state, — loading over 1500 up  gystem operation states are:
to 2000 tones,
« an operation state, — loading over 2000 up i) at the system operation states, b=12,...5:

to 2500 tones.
- the reliability functions of the subsysterf
In all five operational states the elevator hassénae components
structure.
) ) [Ri(l) (t, m(b)
5.2.2. The parameters of the shipyard ship-

rope elevator components multi-state '
reliability models =[L[R® DY, [RY €217, [RY t3)]™]

According to rope reliability data given in their
technical certificates, experts’ opinions basedhmn
nature of strand failures and taking into accotet t
safety of the operation of the ship-rope elevataaill
operation statesz,, b=12,...5 we distinguish the

following four reliability stategz=23) of the system

and its components: & ® — @ (9)]®
t,2)]” = exp[-[A” (2)]"'t],
* areliability state 3 — a strand is new, without (R t.2) PEHAT@I

any defects,

i=12...22 b=12,...5
coordinates

[RY (D] = exp[-{A” ®)]1],

[R¥(t.3)]” = exp[-[A” 3)]"1],

373



Soszyska Joanna, Kotowrocki Krzysztof, Blokus-Roszkowshaeszka,Guze Sambor
Testing uniformity of statistical data from compteghnical systems operatiprocesses

1=123...22 b=12...5

with the intensities of departure from the relidbpil
states subsetf,23}, {23}, {3}, respectively

[0 @17, [A° @], [A° @),
i=12,..22 b=12...5

- the reliability functions of the subsyster,
components

ROt =

=[L[R® .17, [R® 21", [R? 3)]”] |
1=12,...22 b=12...5
coordinates
[R® (D] =exp[-A” O1"1],
[R”(t.2)]" =exp[-{A"(2)]"1],
[R?(t,3)]” =exp[-H{A” @)]“t],
i=12,..22 b=12..5

with the intensities of departure from the relidbpil
states subsetf,23}, {23}, {3}, respectively

[A7 @17, [A2 @17, [A7 @), 1=12,...22,
b=12..5

- the reliability functions of the subsyster§,
components

[Ri(3) ('[, m(b) -

[LIR® D], [R® €.2)]™,[R® (t,3)]“]
i=12...22 b=12,...5
coordinates

[R® (D] = exp[-{A°]"1],

[R¥(t,2)]” = exp[-[A” (2)]"1],
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[R”(t,3)]" =exp[H{A”@)]"1],
i=12..22 b=12..5

with the intensities of departure from the relidpil
states subsetfl,23}, {23}, {3}, respectively

0@, [A° @1, [A°@)]",
i=12,...22 b=12..5

- the reliability functions of the subsyster®,
components

[Ri(4) (t, Dﬂ (b)

=[L[R® D], [R® t2)]®,[R® (t.3)]] |
i=12..22 b=12..5
coordinates
[R(E.D]™ = exp[-{A" ®]1],
[R¥(t,2)]" =exp[-{A”(2)]"1],
[R®(t.3)] =exp[-H{A" R)]"1],
i=12,..22 b=12...5

with the intensities of departure from the relidbpil
states subsetf,23}, {23}, {3}, respectively

@17, [A° @17, [A” @)]",
i=12,...22 b=12..5

- the reliability functions of the subsyster§,
components

[Ri(S) ('[, m(b) -

=[L [R® D], [R® t.2)]®,[R® (t3)]“]
i=12...22 b=12,...5
coordinates

[R® (D] =exp[{A”®]”1],
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[R®(t,2)]" =exp[-{A” (2)]"1],
[R® (t.3)]" = exp[-{A" (3)]1],

i=12,..22 b=12..5

with the intensities of departure from the relidpil
states subsetf,23}, {23}, {3}, respectively

A2 @1, 147 @1, 147 @),
1=12...22 b=12...5

- the reliability functions of the subsyster§,
components

[Ri(S) (t, ml (b)

=[L[R” DIV, [R® €21 [R® t3)]”] |
1=12,...22 b=12...5
coordinates
[RT D] = exp[-{A” O)]t],
[R?(t,2)]” = exp[H{A" (2)]1],
[R® (t.3)]” =exp[HA” @),
i=12,...22 b=12..5

with the intensities of departure from the relidpil
states subsetf,23}, {23}, {3}, respectively

[A°@17, [A° @1, [A° @),
i=12,..22 b=12...5

- the reliability functions of the subsysters,
components

[R”(t,01"

=[L[R™ D], [R” 2], [R7 €3]]
1=12,...22 b=12...5

coordinates

375

[R” D] =exp[HA" O]”1],
[R” (t.2)]" =exp[-{A"(2)]"1],
[R? (6,3)]” =exp[-[A” 3)]1]

i=12,..22 b=12..5

with the intensities of departure from the relidbpil
states subsetf,23}, {23}, {3}, respectively

A7 @1 A7 @) [ @),
1=123..22 b=12..5

- the reliability functions of the subsysters,
components

[Ri(S) ('[, DI (b)

=[L[R® 1], [R® t.2)]®,[R” €3)]™] |
1=12,...22 b=12...5
coordinates
[R® D] = exp[H{A” M]1],
[R®(t.2)]" = exp[-[A” (2)]1],
[R® (t.3)]” = exp[-{A" (3)]"1],
i=12,..22 b=12..5

with the intensities of departure from the relidpil
states subsetf,23}, {23}, {3}, respectively

[A” @17, A7 (17, [A” 3N,
i=12,..22 b=12..5

- the reliability functions of the subsyster§,
components

[Ri(9) (t, m (b)

=[L[R® 1], [R? 2], [R® (t3)]®]
1=12,...22 b=12...5
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coordinates
[R? D] = exp[H{A” O]"],
[R® (t,2)]" =exp[-[A”(2)]"1],
[R® (t,3)]" =exp[-H{A" @)1,
i=12,..22b=12...5

with the intensities of departure from the relidpil
states subsetf,23}, {23}, {3}, respectively

A2 @1 147 @1, [4” @1,
1=12..22 b=12,...5

- the reliability functions of the subsyster§,,
components

[Ri(lo) (t, ml (b)

=[L[R™ D1V, [R® €217, [R™ €3]] |
1=12,...22 b=12...5
coordinates
[R¥ (D] =exp[-{A" O]”1],
[R*(t,2)]" = exp[-{A" (2)]1],

[R™ (t,3)] =exp[HA™ 3)] 1],

Table 5.The approximate mean valugg™ (u)]® of the

1=12,...22 b=12..5

with the intensities of departure from the relidbpil
states subsetf,23}, {23}, {3}, respectively

A @1, [ @17, 1A @),
i=12,...22 b=12,...5

5.2.3. The shipyard ship-rope elevator
components reliability data collection

5.2.3.1. Data coming from experts

In the Table 5 there are given the approximate
realizations

49 W], k=12,..10, u=123 b=12...5
of the mean values
[ (W] =E[[T W]™],

k=12,..10, u=123 b=12,...5

of the conditional lifetime$T“ (u)]”, k=12,...10,
u=123 b=12..5 in reliability states of the
componentE® of the shipyard ship-rope elevator
subsystemsS , k =12,...10, in particular operation
statesz, p=12...5 estimated on the basis of the

expert opinions.
k=12,...10,

subsysteng,, k=12,...10, components conditional

lifetimes [T.“ (u)]”, k=12,...10, in particular operation states

Subsystem E® E® E®
S i=12,..22 | i=12..22 | i=12..22
components u=1 u=2 u=3
(strand)
Operation | The approximate mean value§zi® (u)]®,
state k=12,...10, of the conditional lifetimes
% [T“(u)]® of the componenE® (in year9
z, 4.9 3.9 3.4
z, 4.5 35 31
z, 37 2.85 2.4
z, 3 2.1 17
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z, 2.3 | 14 | 11|
5.2.3.2. Data coming from components identical strands with the intensities of departure
reliability states changing processes from the reliability states subsets {123}, {233},

There are no data collected from the shipyard Ship_respectively

:)?ggeilse‘;/:tocomponents reliability states changing 9@ = 022224 (2)] = 0.2857,
5.2.4. Statistical identification of theshipyard [A¥(3)]® =0.3226,k =12,..10, i =12,...22.

ship-rope elevator components reliability
At the system operation state,, the system is

5.2.4.1. Statistical identification of the composed of ten subsystems (ropes$, ,
shipygrd ship-rope glevator components k =12,...10. Each of the ropes is composed of 22
reliability on the basis of data coming from identical strands with the intensities of departure
experts from the reliability states subsets {123}, {2383},

To identify the parameters of multistate reliakilit respectively
functions of the ship-rope elevator components the
statistical data coming from their failure processe [A“@)]® =0.2703,[1“(2)]® = 0.3509,

are needed. The statistical data that has been [4”@)]” =0.4167k=12..10 i=12,...22
collected are given ifiable 5
From data given in th&able 5 on the basis of the At the system operation statg,, the system is

results from (8) formula composed of ten subsystems (ropesy,

A 1 k =12,...10. Each of the ropes is composed of 22

[AP W] ==~ k=12...10, u= 123, identical strands with the intensities of departure
(4 ()] from the reliability states subsets {123}, {2313},

respectivel
b=12,...5 P y

R [AY@)] =0.3333,[4“(2)]“ =0.4762,
we get the approximate valugs™ (u)]® of the
subsystemsS , k=12,...10, components unknown [A¥ Q)] =0.5882,k=12,.10, i =12,...22.
intensities[ A (u)]” of departure from the reliability
states subsefl,23}, {23} {3}, while the system is At the system operation statg;, the system is
operating in the operation state, b=12,...5. The composed of ten subsystems (ropesy, ,
results are presented below. k =12,...10. Each of the ropes is composed of 22
At the system operation stat#, the system is identical strands with the intensities of departure
composed of ten subsystems (ropes$, _from the reliability states subsets {123}, {233},

k =12,...10. Each of the ropes is composed of 22 'éspectively
identical strands with the intensities of departure © mE © 16—
from the reliability states subsef§23}, {23}, {3}, [A7 @17 =0.4348,[47(2)] = 0.71143,
respectively _
[A“(3)]® =0.9091k =12,..10, i =12,...22.
[A“@)]® =0.2041,[1“(2)]® = 0.2564,
5.2.4.2. Statistical identification of the
[A9@3)]® =0.2941,k =12,..10, i =12,...22. shipyard ship-rope elevator components
reliability models on the basis of data coming

At the system operation statg,, the system is from their failure processes

composed of ten subsystems (ropes§,  As there are no data collected from the system
k=12,...10. Each of the ropes is composed of 22 components failure processes their reliability niede
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identification using the methods of Section 3.48 a [RY(t,2)]® = expF0.3509],
Section 3.5 is not possible.

“(t,3)]® = expF0.4161],
5.2.5. ldentifying the shipyard ship-rope (R3] P )
elevatorc_ompo_nen_ts condi_tional multistate k=12..10, i =12..22.
exponential reliability functions

As there are no data collected from the shipyardAt the system operation state,, the system is

ship-rope elevator components reliability statescomposed of ten subsystems (ropes$, ,
changing processes, then it is not possible tdyveri k=12,...10. Each of the ropes is composed of 22

the hypotheses on the exponential forms of the . . - o
shipyard ship-rope elevator components conditiongfdentical strands with the conditional reliability

reliability functions. We arbitrarily assume thhese functions co-ordinates
reliability functions are exponential and using the
results of the previous section and the relatigrsshi
given in Section 5.2.2 we fix heir forms.

At the system operation state, the system is [R™(,2)]“ = expF0.4762],

composed of ten subsystems (ropesy,

k =12,...10. Each of the ropes is composed of 22

identical strands with the conditional reliability
functions co-ordinates

[R¥ (t,1)]“ = exp[0.3333],

[R™(t,3)] = exp[-0.58813],

k=12,..10 i=12,...22

[R(t,1)]° = exp[0.2041], At the system operation state,, the system is
composed of ten subsystems (ropesy, :

[R™(t,2)]" = exp[0.2564], k=12,...10. Each of the ropes is composed of 22
identical strands with the conditional reliability

[RY(t,3)]” = exp[0.2941], functions co-ordinates

k=12..10, i =12,...22 [R™(t1]® = expf0.4343],

At the system operation state,, the system is [R™(t,2)]” = exp[0.7143],
composed of ten subsystems (ropesy, :
k=12,...10. Each of the ropes is composed of 22

identical strands with the conditional reliability
functions co-ordinates

[RY(t,3)]® = expF0.9091],

k=12,.10 i=12,....22

[R®(t,1)]? = exp[0.2222], 5.3. Statistical identification of the shipyard
' ground ship-rope transporter system
[R¥ (t,2)]® = exp[-0.2851], components reliability models
[RY (t,3)]° = exp-0.3226] 5.3.1. The subsystem and components of the
Y ' ' shipyard ground ship-rope transporter in
k=12..10, | =12,...22. various operation states

The considered ground ship-rope transporter cansist
At the system operation state,, the system is of three broaching machines — subsystefns S,
composed of ten subsystems (ropes}, S
k=12,...10. Each of the ropes is composed of 22 - the subsysten$ is composed of 6 identical strands
identical strands with the conditional reliability and each strand consists of 36 wires with a webbing
functions co-ordinates core, denoted respectively bE®, i=12,..6
j=12,...36,
- the subsystemS, is composed of 6 identical
strands and each strand consists of 36 wires with a

[R® (t,1]® = exp[-0.2703],

378



SSARS 2010

Summer Safety and Reliability Semindime 20-26201Q Gdaisk-Sopot, Poland

webbing core, denoted respectively b§g®,
i=12,..6 j=12,..36

- the subsystemS, is composed of 6 identical
strands and each strand consists of 36 wires with a
webbing core, denoted respectively b¥®,
i=12..6 j=12,..36.

The subsystemsS, S,, S, are forming a general

ground ship-rope transporter structure presented in
Figure 21

JES— Sl SZ 83 —

Figure 21. General scheme of ground ship-rope
transporter

However, the ground ship-rope transporter structure
and the subsystem components reliability depend on
its changing in time operation states.

Taking into account the expert opinion on the

operation process of the considered ground ship-rop
transporter we fix the number of the ground ship-

rope transporter operation process states7 and

we distinguish the following as its seven operation

states:

an operation statez, — the ship with a

tonnage over 1300 up to 1800 tones (or the
ship with a tonnage up to 1300 tones after
long period of renovation or after taking
some special kind of measures) is transferred
from the platform to the traverse, from the
traverse to the repair posts R1-R5 or from
the repair posts R6-R9 to the traverse and the
access to the broaching machine number 3 is
difficult (the broaching machines 1 and 2 are
used &, S)),

an operation statez, — the ship with a

tonnage over 1300 up to 1800 tones (or the
ship with a tonnage up to 1300 tones after
long period of renovation or after taking
some special kind of measures) is transferred
from the traverse to the repair posts R6-R9,
from the repair posts R1-R5 to the traverse
or from the traverse to the platform (the
broaching machines 2 and 3 are us&g (
S)),

an operation statez, — the ship with a

tonnage over 1800 tones is transferred (all
broaching machines 1, 2 and 3 are usgd (

S, 9)).

¢ an operation statez — the ship with a At the system operational statg the system is
tonnage up to 1300 tones is transferred fromcomposed of subsyster§ . The ship is transferred

the platform to the traverse, from the traverse
to the repair posts R1-R5 and from the repair
posts R6-R9 to the traverse (the broaching
machine number 1 is useg)),

using the broaching machine number 1 and the
scheme of the ground ship-rope transporter at the
operational state, is showed irFigure 22

* an operation statez, — the ship with a

tonnage up to 1300 tones is transferred from
the traverse to the repair posts R6-R9, from
the repair posts R1-R5 to the traverse and
from the traverse to the platform (the
broaching machine number 3 is us&g)(

* an operation statez, — the ship with a
tonnage up to 1300 tones is transferred from
the repair posts R1-R5 to the traverse and the
access to the broaching machine number 3 i
difficult (the broaching machine number 2 is

used §)),

* an operation statez, — the ship with a
tonnage over 1300 up to 1800 tones (or the

D
B
isl ROIPE
1
J
R1 B1
R6 R2
R7 R3
R8 R4
R9 R5

ship with a tonnage up to 1300 tones after
long period of renovation or after taking
some special kind of measures) is transferred
from the platform to the traverse, from the
traverse to the repair posts R1-R5 or from

Figure 22.The scheme of the ground ship-rope
transporter at the operational state

the repair posts R6-R9 to the traverse (theAt the system operational statg the system is
broaching machines 1 and 3 are us&d ( composed of subsyste®). The ship is transferred

),
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scheme of the ground ship-rope transporter at the

operational state, is showed irFigure 23
D
D
B
B1
—S @ ®

TRAVERSER R1 B1 R6 R2
=6 o R7 R3
R7 R3 R8 SHIP R
R8 SHIP R4 R9 R5
R9 R5

Figure 25.The scheme of the ground ship-rope

) _ transporter at the operational state
Figure 23.The scheme of the ground ship-rope

transporter at the operational state At the system operational state the system is

. . composed of subsysten$ and S, linked in series.

At the system operational state the system is o . : ,
o The ship is transferred using the broaching mashine

composed of subsyster§,. The ship is transferred , mper 1 and 2 and the scheme of the ground ship-

using the broaching machine number 2 and thegpe transporter at the operational statés showed

scheme of the ground ship-rope transporter at tht?n Figure 26

operational state, is showed irFigure 24

D
5 B
S
. .. S
TRAVERSER R1 B1
& Tl ®
R7 R3
R6 R2
R7 R3 R8 SHIP R#
R9 R5
R8
| SHIP
R9 R5 ) _
Figure 26.The scheme of the ground ship-rope

transporter at the operational state
Figure 24.The scheme of the ground ship-rope

transporter at the operational state At the system operational state the system is

composed of subsysten® and S, linked in series.
At the system operational state, the system is The ship is transferred using the broaching mashine
composed of subsysten® and S, linked in series. humber 2 and 3 and the scheme of the ground ship-
The ship is transferred using the broaching mashine"0P€ transporter at the operational states showed
number 1 and 3 and the scheme of the ground shipgh Figure 27,
rope transporter at the operational statas showed
in Figure 25
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D
B
S S Q
R6 R2
R7 R3
RS SHIP R4
R9 R5

Figure 27.The scheme of the ground ship-rope
transporter at the operational state

At the system operational state the system is
composed of subsystent§, S, and S, linked in

series. The ship is transferred using all three
broaching machines 1, 2 and 3 and the scheme of the

ground ship-rope transporter at the operationdé sta
z, is showed irFigure 28

D
B
S
rSs S0  e—
pee——n J
H = Bﬂ#‘
p|
R6 R2
R7 R3
R8 R4
R9 R5

Figure 28.The scheme of the ground ship-rope
transporter at the operational state

5.3.2. The parameters of the shipyard ground
ship-rope transporter components multi-state
reliability models

According to rope reliability data given in their
technical certificates, experts’ opinions and tgkin
into account the safety of the operation of theugth
ship-rope transporter in all operation states,

b=12...7, we distinguish the following four

381

reliability states (z=3) of the system and its

components:
e a reliability state 3 — a wire is new, without
any defects,

a reliability state 2 — the corrosion of wire is
greater than 0% and less than 25%,

a reliability state 1 — the corrosion of wire is
greater than or equal to 25% and less
than 50%,

a reliability state 0 — otherwise (a wire is
failed).

Moreover, we fix that there are possible the

transitions between the components reliabilityestat

only from better to worse ones.

From the above, the ground ship-rope transporter

S,, k=123, are composed of four-state, ize= 3,

componentsE, k=123 with the conditional

multi-state reliability functions

[RY (.01 = [L[R" t.DI.[R® t.2)]"],
b=12,...7,

with  exponential  co-ordinates [R™ (t,1)]",
[RY(t,2)]”and [R" (t,3)]” different in various
operation stateg, , b=12,....7.

More precisely, from the performed in Section 3.4.2
analysis, the unknown reliability parameters of the
system components reliability models in various
system operation states are:

i) at the system operation states

- the reliability functions of the subsyster,
components

[R”(t, 01"

=[L[RP D1V, [RP €.2)]7. [RP (t3)]”] |
i=12,..6 j=12...36

coordinates
[RF (t.D]Y =exp[H{A7 M]1],
[RF (t,.2)]7 = exp[-[A7 (1“1],
[RY(t,3)]* = exp[H{A] 3)]“tl,

i=12,...6,]=12...36
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with the intensities of departure from the relidpil
states subsets {1,23}23}, {3}, respectively

[A7 1%, [A7 @17, [A” 37,
i=12..6, ]=12,..36
ii) at the system operation states

- the reliability functions of the subsysterfs,
components

[RP(t.M®

=[L[RP € DI?, [RP €217, [R{ (t.3)]] |
1=12,...6 j=12,...36
coordinates
[R” 1] =exp[HA? @)]1],
[R” (t.2)]” =exp[-[A7 (2)]“],
[RP (t.3)] = exp[-{A7 (3)]“t],
i=12,...6, ] =12,...36

with the intensities of departure from the relidpil
states subsets {1,23}23}, {3}, respectively

[A7 @17, [A7 @17, [47 @),
i=12,..6, ]=12,..36
i) at the system operation states

- the reliability functions of the subsysters,
components

[R (6,01

=[L[R? D], [RP €.2)],[R® (t.3)]”]
i1=12,..6 j=12,..36
coordinates

[RP D] =exp[-{A” M]1],
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[R¥ (t.2)] = exp[-[A7 (2)]1],
[R¥ (t.3)]” =exp[-{A7(3)]“t],
i1=12,...6, ]=12..36

with the intensities of departure from the relidpil
states subsets {1,23}23}, {3}, respectively

A2 @], 1A% (12, 142 @),
i=12,...6 j=12,...36
iv) at the system operation states

- the reliability functions of the subsyster,
components

[R{(t, 01

=[L[RY DI, [RP (t.2)]“,[RP (t:3)]] |
1=12,...6, ]=12..36
coordinates
[RY (€ D] = exp[-[A” M]1],
[RY(t.2)]"™ =exp[-{4] (2)]“1],
[RY (t.3)] = exp[-{A 3)]“t],
i1=12,...6, ]=12..36

with the intensities of departure from the relidpil
states subsets {1,2323}, {3}, respectively

[0 @1, [ ), [A” @)1,
i=12...6, | =12,...36

- the reliability functions of the subsyster§,
components

[RP(t. M

=[L[R? 11, [RP €.2)]1“,[RP (t3)]“]
i=12..6, j=12,..36
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coordinates
[R” D] =exp[HA? )] "1],
[R” (. 2)] =exp[HA7 (2)]],
[RP (.3)]" = exp[H{A7 )] 1],
i=12,...6, j=12,...36

with the intensities of departure from the relidpil
states subsets {1,2323}, {3}, respectively

[A7 17, [AF @17, [A7 3N,
i=12,...6, j=12,...36
v) at the system operation states

- the reliability functions of the subsysterf
components

[R” (1,01

=[L[RP ®D]1?, [RP t.2)]°,[RP (t3)]“] |
1=12...6, ] =12,...36
coordinates
[R (D] = exp[-[A”M]1”],
[RY(t.2)] = exp[-{A] (2)]”1],
[RY(6.3)]° = exp[-{A (3)]“t],
i=12,...6, j=12,...36

with the intensities of departure from the relidpil
states subsets {1,23}23}, {3}, respectively

[A7 @17, [A7 17, [A7 3],
i=12,...6 j=12..36

- the reliability functions of the subsysters,
components

383

[R (6,01

=[L[R? D19, [RP 217, [R (t3)] (5)],
1=12,..6, ]=12..36
coordinates
[R¥ €D = exp[-{A7 O]"1],
[R¥ (t.2)]° =exp[-[A7(2)]"1],
[R¥ (€.3)] = exp[-{A7 (3)]“t],
1=12..6, j=12,..36

with the intensities of departure from the relidpil
states subsets {1,2323}, {3}, respectively

A2 @17, [A7 ()1, 147 @),
i=12,...6, j=12,...36
vi) at the system operation states

- the reliability functions of the subsysters,
components

[R”(t.01®

=[L[R? .11, [R® 2] [R{” €.3)]®] |
1=12,...6, ] =12,...36
coordinates
[R¥ .11 =exp[-[A7 O1”1],
[R”(€.2)]° =exp[-{A”(2)]“1],
[R”(€.3)]” = exp[-{A7 (3)]“1],
i=12,...6, j=12,...36

with the intensities of departure from the relidpil
states subsets {1,2323}, {3}, respectively

[A7 @17, [A7 @17, [A7 3N,
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i=12,..6, j=12...36

- the reliability functions of the subsysterf,
components

[RP(t.M®

=[L[RP €DV, [RP €21 [RP (t:3)1“] |
1=12,..6, ] =12..36
coordinates
[RP D] = exp[HAT W]“1],
[RP (t.2)]" =exp[-[A7 (2)]”1],
[RP (t.3)] = exp[-{A7 (3)]1],
i1=12..6, j=12..36

with the intensities of departure from the relidpil
states subsets {1,23}23}, {3}, respectively

A0 @1, [A° @1, 147 @)1,
i=12..6, ] =12...38

vii) at the system operation states
- the reliability functions of the subsysterf
components

[R”(t, 01

=[L[RPED17, [RP €217, [RP (t3)]7] |
1=12,...6, ] =12,...36

coordinates
[RP (D] =exp[-[A7 @17t],
[RY(t.2)]7 =exp[H{A] (2)]"1],
[RY(t.3)]" =exp[-[A7 @),
i=12,...6, j=12,...36

with the intensities of departure from the relidpil
states subsets {1,2323}, {3}, respectively
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A7 @17, [A7 17, [A7 )],
i=12,...6, j=12,...36

- the reliability functions of the subsyster§,
components

[R” (017

=[L[R? .17, [R® 217, [R” (t3)] "] |
1=12,...6, ] =12,...36
coordinates
[R D17 =exp[-A7 OI"1],
[R”(€.2)]7 =exp[H{A”(2)]"1],
[R”(€.3)]” = exp[-[A7 (3)]”t],
i=12,...6, j=12,...36

with the intensities of departure from the relidpil
states subsets {1,2323}, {3}, respectively

[A7 @17, [A7 @17, [47 @),
i=12,...6, j=12,...36

- the reliability functions of the subsyster§,
components

[R”(t.017

=[L[R? 117, [RP t.2)] 7[R (t.3)] 7] |
1=12,...6 j=12..36
coordinates
[RF D] =exp[-{A7 @] 1],
[R¥ (t.2)]7 = exp[-[A” (2)]"1],

[R|j(3> (t,3)] 0 = exp[_[Ai(f) 3)] (7)t],
i :]-12,...,6, J :1’2136
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with the intensities of departure from the relidpil

[AC°W]”, k=123, u=123 b=12,.7,
states subsets {1,2323}, {3}, respectively

of the mean values

[/L(js) (1)] (7), [/L(js) (2)] (7), [/L(js) (3)] (7>, [ﬂi;k) (u)](b) - E[[Tij(k) (U)](b)], k = 12’3’

i=12...6, j=12...36 u=123b=12..7,
5.3.3. The shipyard ground ship-rope
transporter components reliability data
collection

of the conditional lifetime$T“ (u)]”, k =123,
u=123 b=12....7, in reliability states of the
componentE" of the shipyard ground ship-rope
transporter subsysten®, k=123, in particular
operation stateg,, b=12,...,/, estimated on the
basis of the expert opinions.

5.3.3.1. Data coming from experts

In the Tables 6-8there are given the approximate
realizations

Table 6.The approximate mean valugg,”(u)]® of the subsystemS components (wires) conditional
lifetimes [T (u)]® in particular operation stateg

Table 7.The approximate mean valug¢g” (u)]” of the subsystenS, components (wires) conditional

Subsystem EY E® E”
S i=12,..6, i=12,..6, | i=12...6,
components| j=12..36 | j=12,..36, | j =12..36,
(wires) u=1 u=2 u=3
Operation | The mean valuepi” (u)]® of the conditiona
statez, lifetimes [T, (u)]® of the componenE® (in
yearg
z, 63 43 26
Z2
23
Z, 57 28 18
2. 57 28 18
ZG
Z 46 25 16

lifetimes [T,” (u)]® in particular operation stateg

Subsystem E? E? E?
S, i=12,..6 | i=12..6, | i=12..6
components| j=12,.36, | j=12..36, | j=12,...36,
(wires) u=1 u=2 u=3
Operation | The mean values [2”(u)]” of the
statez, conditional lifetimes [T (u)]® of the
componentE® (in yearg
Zl
ZZ
z, 63 43 26
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Z4

z, 57 28 18
z, 57 28 18
z, 46 25 16

Table 8.The approximate mean valug¢g,” (u)]” of the subsystemS, components (wires) conditional
lifetimes [T, (u)]” in particular operation statez

Subsystem E® E” =
S, i=12,...6 | i=12..6 | i=12..6
components| j=12,.36, | j=12..36 | j=12,...36,
(wires) u=1 u=2 u=3
Operation | The mean valuepiz” (u)]” of the conditiona
statez, lifetimes [T, (u)]® of the componenE? (in
yearg
Zl
z, 63 43 26
Z3
Z, 57 28 18
25
z, 57 28 18
z 46 25 16

~ 1
[/]i(jk) (u)]“’) =W' k = 123 u=123

5.3.3.2 Data coming from components
reliability states changing processes

There are no data collected from the shipyard gtoun

ship-rope transporter components reliability states b=12,...7,

changing processes. we get the approximate valugst” (u)]® of the
subsystems S, k=123 components unknown

5.3.4. Statistical identification of the shipyard _ - o
intensities[ A" (u)]® of departure from the reliability

ground ship-rope transporter components

reliability states subset {123}23}, {3} , while the system is
operating in the operation state, b=12,....,7. The

5.3.4.1. Statistical identification of the results are presented below.

shipyard ground ship-rope transporter

components reliability on the basis of data At the system operational statg the system is

coming from experts composed of subsyster8. The ship is transferred

To identify the parameters of multistate reliakilit using the broaching machine number 1 and the
functions of the shipyard ground ship-rope scheme of the ground ship-rope transporter at the
transporter components the statistical data comingperational state, is showed irFigure 22

from their failure processes are needed. Therpe gypsystens, is composed of 6 identical strands
statistical data that has been collected are gimen . : .
and each strand consists of 36 wires with the

l?:rfz:t_:given in thgables 6-8on the basis of the intensities of departure from the reliability state
resulting from (8) formula subsets {123}, {23}, {3}, respectively

[AY(@M]® = 0.0159,[A%(2)] = 0.0233,
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[A%(@3)]® =0.0385,i =12,..., 6, ] =12,...36. [A°@©]® = 0.0175[4° (2)]“ = 0.0357,

At the system operational state the system is [AP(3)]“ =0.0556,i =12,..., 6,j =12,..36.
composed of subsyster8,. The ship is transferred

using the broaching machine number 3 and theéAt the system operational statg the system is
scheme of the ground ship-rope transporter at theomposed of subsysten® and S, linked in series.
operational state, is showed irFigure 23 The ship is transferred using the broaching mashine
The subsystens, is composed of 6 identical strands number 1 and 2 and the scheme of the ground ship-

and each strand consists of 36 wires with therOpe transporter at the operational statés showed
intensities of departure from the reliability stte in Figure 26

subsets {123}, {23}, {3}, respectively The subsysteng, is composed of 6 identical strands
and each strand consists of 36 wires with the
[A7M]? =0.0159[A7(2)]” = 0.0233, intensities of departure from the reliability state

subsets {123}, {23}, {3}, respectively
[AP(3)]® =0.0385,i =12,..., 6,j =12,...36.
[AY @] =0.0175[A" (2)]® = 0.0357,

At the system operational state the system is
composed of subsyster® . The ship is transferred  [A’(3)]® =0.0556,i =12,..., 6, ] =12,...36.
using the broaching machine number 2 and the
scheme of the ground ship-rope transporter at therhe subsystens, is composed of 6 identical strands
operational state, is showed irFigure 24 and each strand consists of 36 wires with the
The subsysten$, is composed of 6 identical strands intensities of departure from the reliability state
and each strand consists of 36 wires with thesubsets {123}, {23}, {3}, respectively
intensities of departure from the reliability state
subsets {123}, {23}, {3}, respectively [ ,15_2> M]® =0.0175] A;z) (2)]® =0.0357,

[/1;2) (1)](3) = 00159,[/1;2) (2)](3> = 00233, [/]i(jZ) (3)](5) - 00556,| - 112,---, 6, J — 1,2,,36

(2) 3) — H—- =
[47@)]" =0.03851=12..... 6,] =12,... 36 At the system operational state, the system is

composed of subsysten$$, and S; linked in series.

; ; ; The ship is transferred using the broaching mashine
composed of subsystent and S, linked in series. number 2 and 3 and the scheme of the ground ship-

The ship is transferred using the broaching mashine . .
number 1 and 3 and the scheme of the ground shi|d'-Ope transporter at the operational stajés showed

rope transporter at the operational statés showed N Figure 27 _ o
in Figure 25 The subsysten, is composed of 6 identical strands

The subsysten§, is composed of 6 identical strands @1d each strand consists of 36 wires with the
and each strand consists of 36 wires with themtensmes of departure from the reliability state

intensities of departure from the reliability state subsets {123}, {23}, {3}, respectively
subsets {123}, {23}, {3}, respectively

At the system operational state, the system is

[A2@]® =0.0175[4? (2)]® = 0.0357,
[A®@]“ =0.0175[A"(2)]“ = 0.0357,
[A? @3)]® =0.0556,i =12,..., 6, j = 12,...36.
[A%@3)]“ =0.0556,i =12,..., 6, ] =12,...36.
The subsystenS, is composed of 6 identical strands The subsystens$, is composed of 6 identical strands

and each strand consists of 36 wires with the@Nd €ach strand consists of 36 wires with the

intensities of departure from the reliability state INtensities of departure from the reliability state
subsets {123}, {23}, {3}, respectively subsets {123}, {23}, {3}, respectively
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[AP @] =0.0175[A4P (2)]® = 0.0357, 5.3.5. Identifying the shipyard ground ship-

A (3)]® = 0.0556,i =12...., 6, ] = 12,...36 rope transporter components conditional
ij . ) LR ] ) yree . . . . g .
multistate exponential reliability functions

At the system operational state the system is As there are no data collected from the shipyard

_ _ ground ship-rope transporter components reliability
composed of subsystenfy, S, and S, linked in  giates changing processes, then it is not postible

series. The ship is transferred using all threeverify the hypotheses on the exponential formsef t
broaching machines 1, 2 and 3 and the scheme of théhipyard ground ship-rope transporter components
ground ship-rope transporter at the operationdé sta conditional reliability functions. We arbitrarily
Z, is showed irFigure 28 assume that these reliability functions are

: : , exponential and using the results of the previous
The subsysten§, is composed of 6 |der.1t|cal st.rands section and the relationships given in Section25.3.
and each strand consists of 36 wires with the,q fix heir forms.

intensities of departure from the reliability state . .
subsets {123}, {23}, {3}, respectively At the system operational statg the system is

composed of subsyster8,. The ship is transferred

Mi(_l)(l)](v) = 0.0217,[A% ()] = 0.0400, using the broaching maghine number 1 and the
! ' scheme of the ground ship-rope transporter at the

A0 3O = 0.06250 =12.... 6 =12..36 operational state, is showed irFigure 22
4@ =0. A5 55 B ]2 4650 The subsysten$, is composed of 6 identical strands

. . . and each strand consists of 36 wires with the
The subsystens, is composed of 6 identical strands ., gitional reliability functions co-ordinates
and each strand consists of 36 wires with the
intensities of departure from the reliability state [R® (t,1)] = exp[-0.0159]
subsets {123}, {23}, {3}, respectively P '

[A2 @] =0.0217[42(2)]” =0.0400, [R” (t,2)] = exp[-0.0233]

1)

[/]i(jz) 3)] " = 0.0625,i =12,..., 6, ] =12,...36. [Rj(l) (t,3)] o= eXp[—0.0385],

i=12....6, j =12,...36.
The subsysten$, is composed of 6 identical strands =1 )=12..3

and each strand consists of 36 wires with theAt the svstem operational stat. the svstem is
intensities of departure from the reliability state y P &, y

subsets {123}, {23}, {3}, respectively composed of subsysterS,. The ship is transferred
using the broaching machine number 3 and the
[,15@ 1 = 0_0217,[,15@ (2)]™ = 0.0400, scheme of the ground ship-rope transporter at the
operational state, is showed irFigure 23
[A9(3)]7 =0.0625,i =12,..., 6,j =12,...36. The subsysteng, is composed of 6 identical strands
and each strand consists of 36 wires with the
5.3.4.2. Statistical identification of the conditional reliability functions co-ordinates

shipyard ground ship-rope transporter
components reliability on the basis of data

coming from their reliability states changing
processes [R¥(t,2)]® = exp[-0.0233],

As there are no data collected from the system

components failure processes their reliability mede  [R” (t,3)]® = exp[-0.0384],
identification using the methods of Section 3.48 a

Section 3.5 is not possible. i=12,...6, j=12,...36.

[R¥(t,1)]® = exp[-0.0154],

At the system operational state, the system is
composed of subsysters,. The ship is transferred
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using the broaching machine number 2 and thenumber 1 and 2 and the scheme of the ground ship-

scheme of the ground ship-rope transporter at theope transporter at the operational stageis showed
operational state, is showed irFigure 24 in Figure 26

The subsysten®, is composed of 6 identical strands The subsysten§, is composed of 6 identical strands
and each strand consists of 36 wires with theand each strand consists of 36 wires with the

conditional reliability functions co-ordinates conditional reliability functions co-ordinates
[R® (t,1)] = exp[-0.0154], [RY” (t,1)]® = exp[-0.0175],
[R?(t,2)]® = exp[-0.0233], [R" (t,2)]” = exp[-0.0351],
[R® (t,3)] = exp[-0.0384], [R (t.3)]" = expf-0.0554],
i=12,...6, j =12,...36. 1=12...6, | =12...36

At the system operational stat, the system is The subsysten®, is composed of 6 identical strands
and each strand consists of 36 wires with the

composed of subsystent§ and S, linked in series. conditional reliability functions co-ordinates

The ship is transferred using the broaching mashine
number 1 and 3 and the scheme of the ground ship- [ij (t,1]® = exp[0.0175],
rope transporter at the operational stajes showed

in Figure 25

The subsysten®, is composed of 6 identical strands

and each strand consists of 36 wires with the
conditional reliability functions co-ordinates

[R?(t,2)]® = exp[-0.0351],

[R?(t,3)]® = exp[-0.0558],

[Rj(l) t,0] ) — exp[-0.0171], i=12,..6 j=12,...36.
[R,-(l) (t,2)]“ = exp[-0.0357], At the system operational statg, the system is
composed of subsysten and S; linked in series.
[R(t,3)] = exp[-0.0554], The ship is transferred using the broaching mashine
number 2 and 3 and the scheme of the ground ship-
i=12,...6, j =12,...36. rope transporter at the operational states showed
in Figure 27

The subsystenS, is composed of 6 identical strands The subsysten®, is composed of 6 identical strands
and each strand consists of 36 wires with the@Nd €ach strand consists of 36 wires with the

conditional reliability functions co-ordinates conditional reliability functions co-ordinates
[R® (t,1)]“ = exp[-0.0175], [R? (t,1)] = exp[-0.0178],
[R® (t,2)]“ = exp[-0.0357], [R® (t,2)] = exp[-0.0351],
[R” (t,3)] = exp[-0.0558], [R? (t,3)]® = exp[-0.0556],
i=12,..6 j=12,...36. i=12,..6 j=12,...36.

At the system operational statg, the system is The subsysten§, is composed of 6 identical strands

composed of subsysten® and S, linked in series. and each strand consists of 36 wires with the
The ship is transferred using the broaching machineconditional reliability functions co-ordinates
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[R®(t,1)]® = exp[-0.0174], i=12..,6, j=12,...36.

[R(t,2)]® = exp[-0.0351], 5.4. Statistical identification of an exemplary
system components reliability models
[R¥ (t.3)]” = expf-0.0554], 5.4.1. The subsystems and components of the

system in various operation states
i=12,..,6 j=12,...36.

The considered syste® consists of two subsystems
At the system operational state, the system is S, S,.

composed of subsysten§, S, and S, linked in The subsystemS is composed of two series
series. The ship is transferred using all threeSubsystems, each of them composed of 3

broaching machines 1, 2 and 3 and the scheme of tHe?mponents, denoted respectively by
ground ship-rope transporter at the operationdé sta o .

Z, is showed irFigure 28 5 1=12 =123
The subsysten$, is composed of 6 identical strands with the structure presentedFigure 29
and each strand consists of 36 wires with the
conditional reliability functions co-ordinates

@
ey | B2 e

[R® (t,1)]" = expF-0.0217],

[R®(t,2)]” = exp[-0.040Q],

() @) @
E21 Ezz Ezs

[R® (t,3)]” = exp[-0.0624],

Figure 29.The scheme of the syste®) structure
i=12,....6, ] =12,...36.
The subsyster8, is composed of four series
The subsysteng, is composed of 6 identical strands subsystems, each of them composed of 2

and each strand consists of 36 wires with thecomponents, denoted respectively by

conditional reliability functions co-ordinates
E®

ij !

i=1234 j=12
[R?(t,1)]” = exp[-0.0217],
with the structure presentedkigure 30

[R® (t,2)]” = exp[-0.040a],

£ 4
[R® (t,3)]"” = expF-0.0625],
E{y EY
i=12,...,6, j=12,...36.
£ g
The subsysten$, is composed of 6 identical strands
and each strand consists of 36 wires with the E® EO
conditional reliability functions co-ordinates 41 42

@ ™ = o
[R” ()] = exp[-0.0211], Figure 30.The scheme of the syste8) structure

3 (t,2)]” = exp0.040Q],
[R’ (t.2) Pt ] The subsystemsS,, S,, illustrated inFigures 29-30

are forming a series structure presentedigure 31
[RY (t,3)] = exp[-0.0624], ng & senes struciure p g
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R Sl Sz

Figure 31.General scheme of the syste3n

[R{”(t,01®
= [LIR”EDI™,[RY 2™, [RF (t.3)]"],

b= 1234,

However, the system structure and the subsystem

components reliability depend on its changing in

time operation states.

We arbitrarily fix the number of the pipeline syste
operation process states=4 and we mark its four
operation states by, z,, z, and z,.

At the system operational statg, the system is
composed of the subsystel®, with the scheme
showed inFigure 29 that is a series-parallel system.
At the system operational state,, the system is
composed of the subsystei®,, with the scheme
showed inFigure 30 that is a series-parallel system.
At the system operational statg,, the system is

composed of the subsysten& and S,, with the

scheme showed iRigure 31 that are series-parallel
system with the schemes giverFigures 29-30

At the system operational state,, the system is
composed of the subsyste® and S,, with the
scheme showed ifrigure 11, while the subsystem

with  exponential ~ co-ordinates [R™ (t,1)]”,
[R™(t,2)]” and [R™(t,3)]” different in various

operation stateg, , b= 1234.

More precisely, from the performed in Section 3.4.2
analysis, the unknown reliability parameters of the
system components reliability models in various
system operation states are:

I) at the system operation states:

- the reliability functions of the subsyster,
components

[RY 0" =1 [RY L], [RP (2% R ¢3)]",
=12 j=123

coordinates

S, is a series-parallel system with the scheme given

in Figure 9 and the subsyste8) is series-“2 out of
4" system.

5.4.2. The parameters of the system
components multi-state reliability models

In all operation stateg,, b= 1234, we distinguish
the following four reliability state&z =3) of the

system and its components:

e areliability state 3 — the system operation is
fully safe,

* areliability state 2 — the system operation is
less effective because of ageing,

e areliability state 1 — the system operation is
less effective because of ageing and more
dangerous,

* areliability state 0 — the system is destroyed.

[RY ¢ 1]" = expl-{A @] 1],
[RY(1:2]” = expl-LA? 2)]°1],
[R® (t.3]" = expl-LA? @)1,
=12 j=123

with the intensities of departure from the relidpil
states subsetf,23}, {23},{3}, respectively

[AP @17, [AP @179, 147 31",

1] 1] 1

i=12 =123

Moreover, we fix that there are possible the i) atthe system operation states:

transitions between the components reliabilityestat
only from better to worse ones.
From the above, the subsysteris k=12, are

composed of four-state, i.e= 2, component&®,
k =12, with the conditional multi-state reliability

functions

391

- the reliability functions of the subsyster,
components

[RY (07 =[L[R” (117, [R” 21" R (:3)",

1=1234 j=12
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coordinates
[R? .1 = expl-LA2 @111,
[R? t,2) = exp[HA® @] ™1,
R €3] = expl-{A> @) 1],
=1234 =12

with the intensities of departure from the relidpil
states subsetf,23}, {23},{3}, respectively

[AP @17, [47@19, [17 @3N,
i=1234 j=12
iif) at the system operation states

- the reliability functions of the subsystes)
components

[RY (M =[L[RY D], [RY 217, R (3)]7,

=12 j=123
coordinates
[RY 0] =explHA? @)1,
RV (1.2 =exp[-{A" (2]1°1],
[RY (03] = expl-{A @] 1],
=12 j=123

with the intensities of departure from the relidpil
states subset§,23}, {23}, {3}, respectively

P @I, AP @17, 1P @1,
=12 j=123

- the reliability functions of the subsysters,
components

[R® (01" =[L[R” ¢ 1]°.[R” 2] 7. R” 3],

392

1=1234 =12
coordinates
[R? 4.1 =expl-1A2 @11,
[R? t,21 = expHAL (2] 1],
[R €3] =exp[-1A7 @] 1],
=1234 =12

and the intensities of departure from the religpili
states subsetf§,23}, {23}, {3}, respectively

[AP @19, [P @19, [47 319,
i=1234 =12
Iv) at the system operation states

- the reliability functions of the subsysterf,
components

R0 =L [RY ¢ 1], [R? £2]“, RY (3],
=12 j=123
coordinates
[RY (D] = exp[-1A @] 1],
[R® (2] =exp[HA @]“1],
[R® (3] = expl-{A @)1,
=12 j=123

and the intensities of departure from the religpili
states subsetf§,23}, {23}, {3}, respectively

[AP @19, AP @19, 147 3N,
1=12 j=123

- the reliability functions of the subsysters,
components
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R0 =1L [RP D] “. [R® 2] R® (3],
1=1234 =12

coordinates

(2)

1)

[Ri” €. DI =exp[H{A” W],

(2)

i

[Ri? (€. 2)]® =exp[HAP (2)]“1],

[Rj(z) (t,3)]“ = eXp[_[/]i(J-Z) @)]“1],
i=1234 j=12

with the intensities of departure from the relidpil
states subsetf,23}, {23}, {3}, respectively

(2)

1)

@
i

@
i

[AP @1, AP @19, [47 3],

i=1234 j=12

5.4.3. The system components reliability data
collection

5.4.3.1. Data coming from experts

There are no considered data collected on the bas
of expert opinions.

5.4.3.2. Data coming from components
reliability states changing processes

We suppose that we have in disposal data collecte
from the system components
changing processes due toase 2 described in
Section 3.3.2.

The following data for particular componenis”,

k=12, of the system:

- the numbers of identical experiment posts
n® =n®
- the observation times” =r7,”,

- the numbersm® (u) =m® (u) of components that
have left the reliability states subsft,u+1,...3},
u=123

- the sets

AP () = AP (U) ={t () 1§ =12,...m" (u)}

of realizations t”(u) =t (u) of the component
lifetimes T (u) in the reliability states subset

393

reliability states 24

{u,u+1..3}, u=123 at the operation state,
b= 1234, are given in the Appendix 6B [9].

These data for the componeBf’ of the subsystem
S, are as follows:

i) at the operation state,
n® =40, 7% =2600, m" 1) =32,
A" (@ ={30, 37, 37, 60, 63, 65, 89, 89, 80, 85, 88,

452, 462, 470, 490, 441, 350, 302, 307, 381, 400
430, 737, 852, 856, 769, 976, 991, 1153, 1697, 1700
2454},

n® =40, 7% = 2400, m" (2) =32,

A® (2) ={30, 37, 37, 60, 63, 65, 69, 69, 80, 85, 88

352, 362, 370, 390, 341, 350, 302, 307, 381, 400,
430, 637, 752, 756, 769, 876, 891, 1053, 1597, 1600
2254}

n® =40, 7% =2200,m" (3) = 32,

A" (3) ={20, 27, 27, 50, 53, 65, 69, 69, 70, 75, 78,

252, 262, 270, 290, 241, 250, 302, 307, 381, 400
430, 437, 752, 756, 769, 776, 861, 953, 1497, 1400,
2054}

ii) at the operation state,
n® =70, r® =2600, m® (1) =64,
i8® (1) ={30, 37, 37, 60, 63, 65, 89, 89, 80, 85, 88,

452, 462, 470, 490, 441, 350, 302, 307, 381, 400
430, 737, 852, 856, 769, 976, 991, 1153, 1697, 1700
2454, 30, 37, 37, 60, 63, 65, 89, 89, 80, 85, 82, 4
462, 470, 490, 441, 350, 302, 307, 381, 400, 430
437, 852, 856, 769, 976, 991, 1153, 1697, 1700,
54)

n =70, 7 =2400,m® (2) =64,

A% (2) ={30, 37, 37, 60, 63, 65, 69, 69, 80, 85, 88,

352, 362, 370, 390, 341, 350, 302, 307, 381, 400
430, 637, 752, 756, 769, 876, 891, 1053, 1597, 1600
2254, 30, 37, 37, 60, 63, 65, 69, 69, 80, 85, 82, 3
362, 370, 390, 341, 350, 302, 307, 381, 400, 430
637, 752, 756, 769, 876, 891, 1053, 1597, 1600,
2254},

n® =70, 7% =2200,m® (3) =64,

A? (3) ={20, 27, 27, 50, 53, 65, 69, 69, 70, 75, 78,

252, 262, 270, 290, 241, 250, 302, 307, 381, 400
430, 437, 752, 756, 769, 776, 861, 953, 1497, 1400,
2054, 20, 27, 27, 50, 53, 65, 69, 69, 70, 75, B, 2
262, 270, 290, 241, 250, 302, 307, 381, 400, 430
437, 752, 756, 769, 776, 861, 953, 1497, 1400,
2054},

i) at the operation state,
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n® =40, r® =2700,m® (1) = 36, 5.4.4.1. Statistical identification of the system
A® (1) ={30, 37, 37, 60, 63, 65, 89, 89, 80, 85, 88, cOmponents reliability on the basis of data

452, 462, 470, 490, 441, 350, 302, 307, 381, 400C0MING from experts

430, 737, 852, 856, 769, 976, 991, 1153, 1697, 1700As there are no data collected on the basis ofrexpe
2454, 2500, 2550, 2600, 2650}, opinions, then we do not perform their reliability
n® =40, r® =2700,m® (2) = 36, models identification using the method of Section

A® (2) ={30, 37, 37, 60, 63, 65, 69, 69, 80, 85, 88, 3-4.1.

352, 362, 370, 390, 341, 350, 302, 307, 381, 400

430 637 752 756. 769. 876. 891 1053 1597 16005.4.4.2. Statistical identification of the system
2954 2500 2550 '2600'265(’)} ' ’ '~ components reliability on the basis of data

n® =40, 79 =2700,m® (3) = 36 coming from their reliability states changing

A® (3) ={20, 27, 27, 50, 53, 65, 69, 69, 70, 75, 78, P1OCESS€S

252 262, 270, 290, 241, 250, 302, 307, 381, 400,,% there are data collected from the system

430. 437. 752. 756. 769. 776. 861. 953. 1497. 1400°c0mponents failure processes, then their religbilit
2054. 2500. 2550. 2600 ’2650'} ' ' ' models identification using the methods of Section

3.4.2 is possible.

To identify the parameters of multistate reliakilit
o W@ _ @ functions of the system components, the statistical
n® =70, 7" =2700,m"™ (1) =68, data coming from their failure processes giverhin t
A“ (@) ={30, 37, 37, 60, 63, 65, 89, 89, 80, 85, 88, Appendix 6B [9] can be used.

452, 462, 470, 490, 441, 350, 302, 307, 381, 400!:rom these data, on the basis of the resulting from
430, 737, 852, 856, 769, 976, 991, 1153, 1697, 1700(10) formula

2454, 30, 37, 37, 60, 63, 65, 89, 89, 80, 85, 82, 4

462, 470, 490, 441, 350, 302, 307, 381, 400, 430, | ju o = m™ (u)

737, 852, 856, 769, 976, 991, 1153, 1697, 1700, =" "S0 (0) + 70 — m® (u)]'

2454, 2500, 2550, 2600, 2650}, =R

n® =70, 7 =2700, m® (2) = 68,

A“ (2) ={30, 37, 37, 60, 63, 65, 69, 69, 80, 85, 88, K=12 u=123 b=12.34,

352, 362, 370, 390, 341, 350, 302, 307, 381, 400, _ S 0

430, 637, 752, 756, 769, 876, 891, 1053, 1597, 1600ve get the approximate valugsl”(u)]” of the
2254, 30, 37, 37, 60, 63, 65, 69, 69, 80, 85, 82,3 subsystems S, , k=12, components unknown
362, 370, 390, 341, 350, 302, 307, 381, 400, 430intensities[/lfj“(u)]“’) of departure from the reliability

637, 752, 756, 769, 876, 891, 1053, 1597, 1600, _ _
2254, 2500, 2550, 2600, 2650}, states subsef,23}, {23}, {3} , while the system is

n® =70, 7 =2700,m"” (3) =68, operating in the operation stat, b= 1234, and
A® (3) ={20, 27, 27, 50, 53, 65, 69, 69, 70, 75, 78, resulting from (11) formula
252, 262, 270, 290, 241, 250, 302, 307, 381, 400,

iv) at the operation state,

430, 437, 752, 756, 769, 776, 861, 953, 1497, 1400, i ()] = n® ,
2054, 20, 27, 27, 50, 53, 65, 69, 69, 70, 75, 82,2 ' "0 ) + 79[ — m® ()]
262, 270, 290, 241, 250, 302, 307, 381, 400, 430, =i

437, 752, 756, 769, 776, 861, 953, 1497, 1400, 2054
2500, 2550, 2600, 2650}. k=12 u=123 b=12.34

Similar data for the remaining component of the their pessimistic evaluations.
subsystem S and for the components of the

subsystentS, are given in the Appendix 6B [9]. The results are presented below.

At the system operation statg, in the first series

5.4.4. Statistical identification of the system subsystem of the subsystes, the componenk,?
components reliability intensities of departure from the reliability state

subsets1,23} , {23} , {3}, respectively are

[A® 1)]® = 0.0008,[ A% (2)]® = 0.0009,
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[A9 (3)]® = 0.0009

and their pessimistic evaluations are
[A9 0)]® = 0.0010,[A (2)]® = 0.0011,
[A%(3)]® = 0.0011.

At the system operation statg, in the first series
subsystem of the subsyste®), the componenk,)

intensities of departure from the reliability state
subsetg1,23}, {23}, {3}, respectively are

[A%9 1))@ = 0.0013,[1% (2)]® = 0.0014,

[A9 (3)]@ = 0.0015
and their pessimistic evaluations are

[A%9 1)]® = 0.0014,[1% (2)]® = 0.0015,

[A(3)]? = 0.0016.

At the system operational stai, in the first series
subsystem of the subsyste®), the component,}

intensities of departure from the reliability state
subsetg123}, {23}, {3} , respectively are

(A9 @)]® = 0.0009,[1F (2)]® = 0.0009,

[A%(3)]® = 0.0010
and their pessimistic evaluations are

[A9 1)]® = 0.0010,[1% (2)]® = 0.0011,

[A% (3)]© = 0.0011.

At the system operational staf, in the first series
subsystem of the subsyste®), the componenkt,)

intensities of departure from the reliability state
subsetg1,23}, {23}, {3}, respectively are

(A9 @)]“=0.0013,[4% (2)]“ = 0.0014,

(19 (3)]®=0.0015

and their pessimistic evaluations are

[A® )] = 0.0014,[A% (2)] = 0.0015,

395

[A% (3)]“ = 0.0016.

The evaluations of the intensities of departurenfro
the reliability states subsetd,23}, {23}, {3} of

the remaining components of the subsyst8mand

the components of the subsyst&n are given in the
Appendix 6B [9].

5.4.5. Identifying the system components
conditional multistate exponential reliability
functions

As there are data collected from the system
components reliability states changing processes,
then it is possible to verify the hypotheses on the
exponential forms of the system components
conditional reliability functions. To this end, wse

the procedure given in Section 3.5.

The results of the hypotheses testing are given
below.

At the system operation state, the subsystens,

componentE? conditional reliability function co-
ordinates respectively are

[RY (t1)]® = exp[-0.0008,
[RY (t.2)] = exp[-0.0009,
[RY (t,3)]™ = exp[-0.0009
and their pessimistic evaluations are
[RY (t1)]¥ = exp[-0.0010,
[RY (t.2)]" = exp[-0.0014],
[RY (t,3)]® = exp[-0.0011].

At the system operation statg, the subsystens,

componentEY conditional reliability function co-
ordinates respectively are

[RY (t1)]® = exp[-0.0018,
[RY (t,2)] @ = exp[-0.0014],
[RY (t,3)] @ = exp[-0.001§

and their pessimistic evaluations are

[RY (t1)]® = exp[-0.0014,
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[RY (t,2)]® = exp[-0.0018,
[RY (t,3)]® = exp[-0.001§

At the system operational starg, the subsystens,

componentE? conditional reliability function co-
ordinates respectively are

[RY @)]® = exp[-0.0009,
[RY (2)]® = exp[-0.0009,
[RY (3)] = exp[-0.0016)
and their pessimistic evaluations are
[RY )] = exp[-0.0014,
[RY (2)]® = exp[-0.0011],
[RY (3)]®= exp[-0.0011].

At the system operational statg, the subsystens,

componentE? conditional reliability function co-
ordinates respectively are

[RY )] = exp[-0.0018,
[RY (2)]“ = exp[-0.0014,
[RY (3)]1”= exp[-0.001§
and their pessimistic evaluations are
[RY W] = exp[-0.0014,
[RY (2)] = exp[-0.001§,
[RY (3)]“ = exp[-0.0016

The evaluations of the conditional reliability fuioo

The computer program consists of two parts. In the
first part, the program allows to estimate unknown
parameters of the exponential distributions of the
component conditional lifetimes of the complex
technical system in the subsets of reliability estat
This part of the program is based on the methods an
algorithms for evaluating unknown parameters,
especially the unknown intensities of component
departure from the reliability state subset presgnt
in [1]. The maximum likelihood method is applied to
estimating these intensities, considering different
cases of the empirical experiments and includirg th
cases of small number of realizations and non-
completed investigations. In the second part, the
program allows to verify the hypotheses, that syste
components have exponential multistate reliability
functions with intensities of departure from the
reliability state subsets estimated by applicatidn
the first part of the program.

The computer program may be used for real
technical systems i.e. port, shipyard and maritime
transportation systems. It may also be used to
construct the integrated safety and reliabilityisiea
support systems for various maritime and coastal
transport sectors. This program together with the
description may also be included into this training
course addressed to industry.
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